Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


J 


'y> 


I 

J 


1 


C 


.  F7S- 


r 


<y> 


-e-' 


an 


1 


.  F7S- 


^ 


Electrical  ENGINEER'S 

POCKET-BOOK: 


A   HAND-BOOK 

or  USEFUL     DATA   FOR   ELECTRICIANS  AND 

ELECTRICAL   BNQINEBR8. 


HORATIO  aI^'i'OSTEE, 

WKtAJOW  A.I.E.B.;  Mm.  A.S.H.E.    OoHsaLTHro  EHoniBBB, 

ADTHoK  or 

"  Bxanwxmmii  TALdTion  or  Pubuo  Dtilitoes  utd  Factobibi." 

With  the  cx)llabo ration  op  bminfnt  specialists. 


SEVENTH  EDITION,  EEVISED 


HEW   YORK: 

D.  VAU  NOSTKAND   COMPANY 

1918. 


(/ 


Copyrighted,  1902, 1908,  1913,  by 

D.  Van  nostrand  company. 

New  York. 


4 

■3 


ft) 

%  PREFACE  TO  THE  FIFTH  EDITION. 


In  appreciation  of  the  very  cordial  reception  accorded 
the  earlier  editions  of  this  book,  and  in  recognition  of 
the  fact  that  vast  changes  and  advances  have  occurred 
in  every  branch  of  electrical  engineering  since  the 
original  publication,  the  author  feels  called  upon  to 
issue  the  present  revised  and  enlarged  edition. 

The  book  as  now  presented,  exceeds  the  previous 
editions  in  magnitude  by  about  600  pages,  while  the 
subject  matter  of  every  section  has  been  either  com- 
pletely revised  and  brought  up  to  date,  or  entirely 
re-written.  The  aim  throughout  has  been  to  supply 
in  exhaustive  and  condensed  form,  the  data  essential  to 
the  engineer  engaged  in  any  of  the  branches  of  the  vast 
domain  of  electrical  engineering.  While  our  concep- 
tion of  the  fundamental  principles  of  electrical  science 
can  of  necessity  have  undergone  no  very  considerable 
alteration,  those  essential  details  which  in  effect  con- 
stitute the  working  data  of  the  practicing  engineer 
have  so  altered  and  grown  that  books  published  only 
a  few  years  ago  are  already  obsolete.  It  is  believed 
that  a  stage  in  the  progress  of  electrical  engineering 
standardization  has  now  been  reached  wherein  a  com- 
pilation such  as  the  present  can  be  accepted  as  embody- 
ing the  vital  element  to  which  future  advances  will 
appear  to  a  degree  in  the  relation  of  superficial  alter- 
^         ations. 

^         •    The  original  plan  of  dividing  the  subject  into  a 
\         number  of  sections  and  having  each  revised  by  an 
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eminent  specialist  in  that  particular  field  has  again 
been  followed.  Aside  from  the  easy  accessibility 
afforded,  this  plan  of  construction  is  valuable  only 
in  proportion  to  the  weightiness  of  the  authorities 
entrusted  with  the  revision  of  the  several  divisions, 
and  it  is  confidently  believed  that  a  perusal  of  the 
names  heading  the  sections  will  lead  to  the  conviction 
that  a  more  approved  and  authoritative  organization 
could  not  have  been  wished  for.  The  several  con- 
tributors are  widely  known  and  recognized  as  among 
the  first  of  their  respective  specialties,  and  it  is  be- 
lieved that  the  general  average  of  excellence  assured 
by  their  collaboration  surpasses  that  of  any  compila- 
tion of  the  kind  previously  attempted. 

Each  section  is  complete  in  itself,  but  needless 
repetition  has  been  avoided  by  the  free  use  of  cross 
references  through  the  medium  of  the  very  extensive 
index. 

Attention  is  directed  to  the  large  quantity  of  new 
matter,  appearing  for  the  first  time  in  print,  in  the 
several  sections.  In  the  section  on  Conductors,  e.g., 
the  tables  of  Inductance,  Capacity  and  Impedance,  will 
be  found  new  and  original.  Many  sections,  e.g.. 
Street  Railways,  Photometry,  Conductors,  Lighting, 
Roentgen  Rays,  etc.,  are  pointed  out  as  examples 
of  exhaustive  though  condensed  presentation.  The 
mechanical  section  has  been  treated  with  the  same  care 
and  attention  as  the  electrical. 

The  matter  has  been  confined  to  the  requirements 
of  the  dectrical  trades  and  sciences,  the  inclusion  of 
the  usual  mathematical  tables  and  data  found  in  the 
commonly  used  handbooks  having  been  avoided.' 
These  tables  being  easily  accessible,  and  the  present 
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edition  being  already  of  great  magnitude,  this  exclu- 
sion will  be  appreciated. 

An  important  feature  of  the  present  volume  will  be 
found  in  the  voluminous  and  studiously  developed 
index  and  table  of  contents.  The  index  is  as  com- 
plete as  the  limitations  of  manipulative  facility  will 
permit;  and  is  calculated  to  render  the  finding  of  the 
particular  phase  of  the  subject  sought  a  matter  of 
least  possible  labor.  The  table  of  contents  is  designed 
to  supplement  and  extend  the  use  of  the  index,  and  in 
conjunction  with  the  marginal  thumb-index  will  render 
instantaneous  the  location  of  sections  and  subdivisions. 

The  careful  and  lengthy  work  of  revision  and  search 
leads  the  author  to  believe  that  the  number  of  errors 
cannot  be  large,  and  he  ventures  to  express  the  hope 
that  readers  discovering  any  will  have  the  kindness 
to  bring  them  to  his  attention. 

In  conclusion  the  author  begs  to  express  his  grati- 
tude to  the  many  contributors  for  their  coSperation, 
and  to  the  publishers  for  their  painstaking  effort  and 
generosity  in  making  so  handsome  and  substantial  a 
volume. 

HORATIO  A.   FOSTER, 

100  Broadway,  New  York. 
June  1,  1008. 
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No  attempt  has  been  made  in  this  edition  to  add  new 
matter  nor  to  make  radical  changes  in  the  old,  but  in 
a  few  cases  substitution  has  been  made,  as  in  the  latest 
revision  of  the  Standardization  Rules  of  the  Am.  Inst. 
E.  £.,  and  some  changes  in  the  text  and  cuts  in  the 
chapter  on  Switchboards.  A  number  of  typographical 
and  other  errors  have  been  corrected. 


HORATIO  A.   FOSTER. 


43  Exchange  Place, 
New  York,  April  1,  lOia 
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The  following  list  of  symbols  has  been  oompiled  from  rarious  souroes  as 
being  those  most  oommonly  in  use  in  the  United  States.  Little  yariation 
will  be  foond  from  similar  lists  already  published  except  the  elimination  of 
some  that  may  be  considered  exclusively  foreign.  The  list  has  been  revised 
by  oomp^ent  authorities  and  may  be  considered  as  representing  the  best 

Intensity  of  magnetization. 
Horizontal       intensity       of 

earth's  magnetism. 
Field  Intensity. 
Magnetic  Flux. 
Magnetic    flux    density     ^r 

magnetic  induction. 
Magnetising  force. 
MagnetomotiTe  force. 
Uemctanoe,     Magnetic     le- 

sistance. 
Magnetic  permeability. 
Magnetic  susceptibility. 
Beluctivity    (specific     ma^ 

netic  resistance). 


I. 


3. 

Length.  e.m.  =  centimeter  ;  ^' 

tn.,  or  "=.  inoh,  ft.  or  ^  =  ^ 

foot.  ^, ' 

Mass.      gr.  =  mass    of     1  /q 

gramme ;      kg.  =  1     *'""  • 
gramme. 

Time.    s=:  second. 


kilo- 


]l«rl¥Mls  geometric. 

Surface. 
Volume. 
Angle. 


9f 


Meehanicai, 
Yeloeity. 
Momentum. 
Angular  Telocity. 
Acceleration. 

Acceleration  due  to  gravity    -^ 
=r  32.2  feet  per  second.  v « 

Force. 
Work. 
Power. 
Dyne,  10  S = 10  dynea. 


••• 
fff 

ft.  lb.,  FooH^o^d. 
i.p. :  ff , 


]l«rlT«4  alectronssMnietic* 
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H^. ,  h.p. ;  Wf  Horse-power. 
I.H.r.,  Inaleated  horse-power. 
B.HJP.,  Brake  horse-power. 
E.H.P.,  Electrical  horse*power. 


Joules'  equlTalent. 
Pressure. 
Moment  of  inertia. 


Jfc 


Quantity. 

Current. 

Potential  DifFerence. 

Resistance. 

Capacity. 

Specific  Inductive  capacity. 

]l«rlTMl  MsiCBetic. 

Strength  of  pole. 
Magnetic  moment. 
Intensity  of  magnetisation. 


Resistance,  Ohm. 
do,  megohm. 

Electromotive  force,  volt. 
DifTerence  of  potential,  volt. 
Intensity  of  current,  A  mpere. 
Quantity  of  electricity,  Am- 
pere-hour; Coulomb. 
Capacity.  Farad. 
Electric  Energy,  Watt-hour ; 

Joule. 
Electric  Power,  Watt ;  Kilo- 
watt. 
Resistivitv     (specific     resis- 
tance). Ohm-centimeter.  ■ 
Conductance,  Ifho. 
Conductivity    (specific    con- 
ductivity. 
Admittance,  mho. 
Impedance,  ohm. 
Reactance,  ohm. 
Susoeptance,  mho. 
Inductance      (coefficient      of 

Induction),  Henry. 
Ratio  of  electro-magnetic  to 
electrostatic  unit  of  quan- 
tity =-  3  X  10^<*  centimeters 
per  second  approximately. 


r. 


Diameter. 
Radius. 
Temperature. 

Deflection    of    galvanometer 
needle. 
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A.M. 
V.M. 
A.O. 
D.C. 
P.D. 
C.Q.S. 

B.  &S. 
B.W.G 


Number  of  anythiiu;. 
Circumference  4-  diameter  : 

S  141582« 
2vN  =6.2831  X  frequency,  in 

alternating  current. 
Frequency,  periodicity,  oy- 

oles  per  second. 
GalTanometer. 
Shunt. 

North  pole  of  a  magnet. 
South  pole  of  a  magnet. 
Ammeter. 
Voltmeter. 
Alternating  current. 
Direct  current. 
Potential  difference. 
Centimeter,  Gramme,  Second 

system. 
Brown  ft  Sharpe  wire  gauge. 
,,  Birmingham  wire  gauge. 


B.p.m., 


LuuuuJ 
•rrrcrrrt 


Bevolutions  per  minute 
Candlepower. 
Incandescent  lamp. 

Arc  lamp. 

Condenser. 
Battery  of  cells. 
Dynamo  or  motor,  d.e. 
Dynamo  or  motor,  a.c. 
Conyerter. 

Static  transformer. 

Inductive  resistance. 
Non-inductive  resistance. 


GHAPTEB  U. 
■IiBCTJRKOAXi  Bir«M]rBBROr«  IJlf ITS. 

JbUiex  M otAtiOB* 

Bleotrical  units  and  values  oftentimes  require  the  use  of  large  numbers 
of  many  figures  both  as  whole  numbers  and  in  decimals.  In  order  to  avoid 
this  to  a  great  extent  the  index  method  of  notation  is  in  universal  use  in 
eonnection  with  all  electrical  computations. 

In  indicating  a  large  number,  for  example,  say,  a  million,  instead  of  writ- 
ing 1,000,000,  it  would  by  the  index  method  be  written  10*;  and  85,000,000 
would  be  written  36  X 10*. 

A  decimal  is  written  with  a  minus  sign  before  the  exponent,  or,  tIh  =  .01 
=  10-*;  and  .00048  is  written  48  xl0-«. 

The  velocity  of  light  is  30,000,000,000  cms.  per  sec.,  and  is  written  3  x  lO^o. 

In  multiplying  numbers  expressed  in  this  notation  the  significant  figures 
are  multiplied,  and  to  their  product  is  annexed  10,  with  an  index  equal  to 
the  turn  or  the  indices  of  the  two  numbers. 

In  dividing,  the  significant  figures  are  divided,  and  10,  with  an  index  equal 
to  the  difference  of  the  two  indices  of  the  numbers  is  annexed  to  the  divi- 
dend. 

FandanscBtal  JDmiU. 

The  physical  qualities,  such  as  force,  velocity,  momentum,  etc.,  are  ex- 
pressed in  terms  of  lenf^tk,  mass,  time,  and  for  electricity  the  system  of 
terms  in  universal  use  is  that  known  as  the  C.  G.  S.  system, 
via. :  The  unit  of  length  is  the  Centimeter. 

The  unit  of  mass  is  the  Oramme, 
The  unit  of  time  is  the  Second.  

Expressed  in  more  familiar  units,  the  Centimeter  i»  equal  to  JS87  inch  in 
length ;  the  Gramme  is  equal  to  16.432  grains,  and  represents  the  mats  or 
quantity  of  a  cubic  centimeter  of  water  at  4°  C,  or  3B.2<'  Fah. ;  the  8ee<md  is 
*he  ■irJbimP&rt  of  a  sidereal  day,  or  the  ^vlgg  part  of  a  mean  solar  day. 

Theeeunits  are  also  often  called  abeolute  units. 

Derived  Oeensetric  UBlta. 

The  unit  of  area  or  surface  is  the  sqvare  cenHnuter, 
The  unit  of  volume  is  the  cubic  centimeter, 

Derived  MecliaMtcal  UBlte. 

Velocity  is  the  rate  of  change  of  position,  and  is  uniform  velocity  when 
equal  distances  are  passed  over  in  equal  spaces  of  time ;  unit  velocity  is  a 
of  change  of  one  centimeter  per  second,- 
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AHffular  Feioeiiff  l8  the  angalar  distance  about  a  center  passed  through  in 
one  second  of  time.  Unit  anffular  velocity  is  the  velocity  of  a  body  moving 
in  a  cixcttlar  path,  whose  ramus  is  unity,  and  wliloh  would  traverse  a  unit 
angle  in  unit  time.  Unit  angle  is  67°,  17',  44.8^^  approximately ;  i.e.,  an  angle 
whose  arc  equals  its  radius. 

Momentum  is  the  quantity  of  motion  in  a  body,  and  equals  the  nuut  times 
the  v4loeitif, 

AceeUration  Is  the  rate  at  which  velocity  changes ;  the  unit  is  an  aocel< 
oration  of  one  centimeter  per  second  per  second.  The  acceleration  due  to 
gravity  is  the  increment  In  velocity  imparted  to  falling  bodies  by  gravity, 
and  is  usually  taken  as  32.2  feet  per  second,  or  981  centimeters  per  second. 
This  value  differs  somewhat  at  different  localities.  At  the  North  Pole  g= 
9B3.1 ;  at  the  equator  g=978.1 ;  and  at  Greenwich  it  is  981.1. 

Force  acts  to  change  a  body's  condition  of  rest  or  motion.  It  is  that  which 
tends  to  produce,  alter,  or  destroy  motion,  and  is  measured  by  the  time  rate 
of  change  of  momentum  produced. 

The  unit  of  force  Is  that  force  which,  acting  for  one  second  on  a  mass  of 
one  gramme,  gives  the  mass  a  velocity  of  one  centimeter  per  second ;  this 
unit  is  called  a  dyne.  The  force  of  gravity  or  weight  of  a  mass  in  dynes  may 
be  found  by  multiplying  the  mass  m  grammes  by  the  value  of  ff  at  the  par- 
ticular place  where  the  force  is  exerted.  The  pull  of  gravity  on  one  pound 
in  the  United  States  may  be  taken  as  445,000  dynes. 

Work  is  the  product  of  a  force  into  the  distance  through  which  it  acts. 
The  unit  is  the  erg^  and  equals  the  work  done  in  pushing  a  mass  through  a 
distance  of  one  centimeter  against  a  force  of  one  dyne.  As  the"  weight" 
of  one  gramme  is  1  x  981,  or  981  dynes,  the  work  done  in  raising  a  weight  of 
one  gramme  through  a  height  of  one  centimeter  against  the  force  of  gravity, 
or  9fi  dynes,  equals  1  x  961=981  ergs. 

One  kilc^ramme- meter  =  lOOOPO  x  961  ergs. 

JRnetie  energy  is  the  work  a  body  is  able  to  do  by  reason  of  its  motion. 

Potential  energy  is  the  work  a  body  is  able  to  do  by  reason  of  its  position. 

The  unit  of  energy  is  the  erg, 

Fower  is  the  rato  of  working,  and  the  unit  is  the  tra/^  =  10^  ergs  per  sec. 
Hor»&-power  is  the  unit  of  power  in  common  use  and,  although  a  somewhat 
arbitrary  unit,  it  is  difficult  to  compel  people  to  change  from  ft  to  any  other. 
It  equals  33,000  lbs.  raised  one  foot  high  In  one  minute,  or  660  foot-pounds 
per  second. 

1  ft.-lb.  =  1.366  X 10^  ergs. 

1  watt  r=  10'  ergs  per  second. 

1  horse-power  =600  x  1.366  X  10*  ergs  =  746  watts.    If  a  current  of  /  am- 

EI     I*R 
peres  flow  through  B  ohms  under  a  pressure  of  £  volts,  then  =—  r=  -^r^  =: 

sTfl-B  represents  the  horse-power  involved. 

The  French  "force  de  cheval"  =736  watts  =642.48  ft.  lbs.  per  sec.= 
J683  H.  FV.  and  1  H.P.  =  1.01389  "force  de  cheval." 

Heat,    The  Joule  WJ:=z  10^  ergs,  and  is  the  work  done,  or  heat  generated,  by 
a  watt  second,  or  ampere  flowing  for  a  second  through  a  resistance  of  an  ohm. 
If  If = heat  generated  in  gramme  calories, 
/=  current  in  amperes, 
JB^=e.m.f.  in  volts, 
J? = resistance  in  ohms,  and 
<=time  in  seconds, 
then  ff=OMI*Rt=zOM  Bit,  gramme  caloriee  or  therms. 

E*t 
Then  lEt  =  /«itt=  ~  =  BQzn  Joules. 

or,  as  1  hora«-power= 660  foot-pounds  of  work  per  second. 

Joules  =si\%EQzs  .7373  EQ  ft.  lbs. 

He««  Valte. 

The  BrUiMk  Thermal  Unit  is  the  amount  of  heat  required  to  raise  the 
temperature  of  one  pound  of  water  one  deg.  F.  at  or  near  its  temp,  of  max. 
density,  30. 1**;  =  1  ix>und-degree-Fah.  =  251 .9  French  calories. 

The  Ualarie  is  the  amount  of  heat  required  to  raise  the  temperature  of  a 
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maas  of  1  gramme  of  water  from  A°  G.  to  5^  C.  =  1  gramme-degrae-Moti- 
grade. 

Water  at  4^  G.  U  at  its  maximum  deiulty. 

Joules  eguivalentf  J^  is  the  amount  of  energy  equal  to  a  heat  unit. 

For  a  B.T.U.,  or  pound-degree-Fah.,  J=1.07  X  10"  ergs.,  or  =  778  foot- 
pounds. 

For  one  pound-degree  — Centigrade,  J=  1.93  x  10^*'  ergs. 

For  a  calorie  J=4.189  X 10'  ergs. 

The  heat  generated  in  t  seconds  of  time  is 

i^  =  ^ ,  where  /= 4.180  X  10^ 
and  /,  Rt  and  E  are  expressed  in  practical  units. 

Hlectrtcal  UBtta. 

There  are  two  sets  of  electrical  units  derived  from  the  fundamental 
C.  Q.  S.  units;  viz.,  the  elecfrostoHc  and  the  elecironMgnetic.  The  tint  is 
hased  on  the  force  exerted  betwe^i  two  quantities  of  electricity,  and  the  sec- 
ond upon  the  force  exerted  between  a  current  and  a  magnetic  pole.  The 
ratio  of  the  electrostatic  to  the  electromagnetic  units  has  been  carefully  de- 
termined by  a  number  of  authorities,  and  is  found  to  be  some  multiple  or 
sub-multiple  of  a  quantity  represented  by  v,  whose  value  is  approximately 
8  X  10**  centimeters  per  seceud.  Gonvenient  rules  for  changing  from  one  to 
the  other  set  of  units  will  be  stated  later  on  in  this  chapter. 

■lectroetattc  Unite. 

As  yet  there  have  been  no  names  assigned  to  these.  Their  values  are  aa 
follows : 

Tlie  unit  of  quantity  is  that  quantity  of  electricity  which  repels  with  a 
force  of  one  dyne  a  similar  and  equal  quantity  of  electricity  placed  at  unit 
distance  (one  centimeter)  in  air. 

Unit  of  current  is  that  which  conveys  a  unit  of  quantity  along  a  conduc- 
tor in  unit  time  (one  second). 

Unit  difference  of  potential  or  vnit  eleotro^motive  force  exists  between  two 
points  when  one  era  of  work  is  required  to  pass  a  unit  quantity  of  electricity 
it-om  one  point  to  the  other. 

Unit  of  resistance  is  possessed  by  that  conductor  through  which  unit  cur- 
rent will  pass  under  umt  electro-motive  force  at  its  ends. 

Unit  of  capacity  is  that  which,  when  charged  bv  unit  potential,  will  hold 
one  unit  of  electricity ;  or  that  capacity  which,  wnen  charged  with  one  unit 
of  electricity,  has  a  unit  difference  of  potential. 

Spectfic  inauctioe  capacity  of  a  substance  is  the  ratio  between  the  capacity 
of  a  condenser  having  that  substance  as  a  dielectric  to  the  capacity  of  the 
same  condenser  using  dry  air  at  0"  0.  and  a  pressure  of  76  centimeters  as 
the  dielectric. 

Macaetlc  ralte. 


Unit  Strength  of  Pole  (symbol  m)  is  that  which  repels  another  similar  and 
equal  pole  with  unit  force  (one  dyne)  when  placed  at  unit  distance  (one 
centimeter)  from  it. 

Mcuptetic  Moment  (svmbol  ^)>Tt )  !>  the  product  of  the  strength  of  either 
pole  into  the  distance  between  the  two  poles. 

Intensity  of  Magnetization  is  the  magnetic  moment  of  a  magnet  divided 
by  Its  volume,  (symbol  (})• 

Intensity  of  Magnetic  Field  (symbol  j}C )  ^  measured  by  the  force  it  exerts 
upon  a  unit  magnetic  pole,  and  therefore  the  unit  is  that  intensity  of  field 
wnich  acts  on  a  unit  pole  with  a  unit  force  (one  dyne). 

Magnetic  Induction  (symbol  (£)  is  the  magnetic  flux  or  the  number  of 
magnetic  lines  per  unit  area  or  cross-section  of  monetised  material,  the 
area  being  at  every  point  perpendicular  to  the  direction  of  flux.  It  is  equal 
to  the  magnetising  force  or  field  intensity  (jfC  multiplied  by  the  permeabuity 
^:  the  unu  is  the  gauss. 

Magnetic  Flux  (symbol  *)  is  equal  to  the  average  field  intensity  multiplied 
by  the  area.    Its  unit  is  the  maxwell, 

Magnetimng  Force  (symbol  JC )  per  unit  of  length  of  a  solenoid  equals 
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4  V  Ifl-r- 1*  where  Nziz  the  number  of  turns  of  wire  on  the  aolenold :  £  = 
the  length  of  the  solenoid  in  ems.,  and  /  =  the  onrrent  in  absolute  units. 

MagnetomoHvB  Force  (symbol  ^ )  Is  the  total  magnetising  f oroe  developed 
In  a  magnetic  cirouit  by  a  coil,  equals  4  *■  NI,  and  the  unit  is  the  ^i^ 
btrt. 

B^uetanett  or  Magnetic  Beeietance  (symbol  jJD,  is  the  resistanee  offered  to 
the  magnetic  flux  by  the  material  magnetized,  and  is  the  ratio  of  magneto^ 
motive  loroe  to  magnetic  flux;  that  is,  unit  magnetomotive  force  will  generate 
a  unit  of  magnetic  flux  through  unit  reluctance :  the  unit  is  the  oerned,-  i.e., 
the  reluctance  offered  by  a  cubic  centimeter  of  vacuum. 

Magnetic  FemuaHUty  (symbol  m)  ia  the  ratio  of  the  okagnetic  Induction 

(J(  to  the  magnetising  force  JCf  that  is  ^  =  m* 

Magnetic  Suectptibilitg  (symbol  m)  isthe  ratio  of  the  intensity  of  mag- 

netixation  to  the  magnetising  force,  or  x  =  ;^  • 

RelmeHffitw,  or  Speeilte  Magnetic  Reeiefance  (symbol  r).  Is  the  reluetanoe 
per  nni^of  length  and  of  unit  cross-section  that  a  material  offers  to  being 
magnetised. 

Blectronsagmetlc  Xmitm, 


Reeietamee  (symbol  iZ)  is  that  property  of  a  material  that  opposes  the  flow 
of  a  current  ox  electricity  through  It;  and  the  unit  Is  that  resistance  which, 
with  an  electro-motive  force  or  pressure  between  its  ends  of  one  unit,  will 
permit  the  flow  of  a  unit  of  current. 

The  practical  unit  is  the  ohm,  and  its  value  in  C.S.Q.  units  is  10^.  The 
standard  unit  is  a  column  of  pure  mercury  at  O^C,  of  uniform  cross-section, 
106.8  centimeters  long,  and  14.4621  grammes  weight.  For  convenience  in  use 
for  very  high  resistances  the  preflx  meg  is  used;  and  the  megohm,  or  million 
ohms,  Deeomes  the  unit  for  use  in  expressing  the  insulation  resistances  of 
submarine  cables  and  all  other  high  resistances. 

Electro-motive  Force  (symbol  E)  is  the  electric  pressure  which  forces  the 
current  through  a  resistance,  and  unit  E.M.F.  is  that  pressure  which  will 
force  a  unit  current  one  ampere  through  a  unit  resistance.  The  unit  is  the 
volt,  and  the  practical  standard  adoptea  by  the  international  congress  of  eleo- 
tricians  at  Chicago  in  1883  is  the  Clark  cell,  directions  for  making  which 
will  be  given  farUier  on.    The  EJ1.F.  of  a  Clark  cell  is  1.494  volt  at  15^  C. 

The  value  of  the  volt  In  C.Q.S.  units  is  10*.  For  small  £Ji.F*s.  the  unit 
millivolt,  or  one-thousandth  volt,  is  used. 

Th«  International  Volt  is  1.1358  B.  A.  volta;  and  the  ratio  of  B.  A.  voH 
to  the  International  volt  is  .9860. 

Dijferenee  qf  Potential,  as  the  name  indicates,  is  simply  a  difference  Of 
electric  pressure  between  two  points.    The  unit  is  the  volt. 

Otrrent  (symbol  /)  is  the  fn tensity  of  the  electric  current  that  flows 
through  a  circuit.  A  unit  current  will  flow  through  a  resisumce  of  one 
ohm,  with  an  electro-motive  force  of  one  volt  between  its  ends.  The  unit 
is  the  ampere,  and  is  practically  represented  by  the  current  that  will  electro- 
iytically  deposit  silver  at  the  rate  of  XN)1118  gramme  per  second.  Its  value 
in  C.03.  units  Is  10'*.  For  small  values  the  milliampere  is  used,  and  It 
equals  one-thousandth  of  an  ampere. 

The  Quantity  qfElectriaitif(Bjm\tol  0  which  passes  through  a  given  cross- 
section  uf  an  Individual  circuit  in  t  seconds  when  a  current  of  /amperes  is 
flowing  is  equal  to  It  units.  The  unit  is  therefore  the  ampere-second.  Its 
name  is  the  Coulomb,  and  its  value  in  G.G.S.  units  is  10~^. 

Qyifaeitif  (symbol  C)  is  the  property  of  a  material  condenser  for  holding 
a  charge  of  electricity.  A  condenser  of  unit  capacity  is  one  which  will  be 
charged  to  a  potential  of  one  volt  by  a  quantity  of  1  coulomb.  The  unit  is 
the/arad,  its  C.Q.S.  value  is  10-* ;  and  this  being  so  much  larger  than  ever 
obtains  in  practical  work,  its  millionth  part,  or  the  micro-farad,  is  used  as 
the  practical  unit,  and  its  value  in  absolute  units  is  10  -  >*.  A  condenser  of 
gne-third  micro-farad  capadtv  is  the  sise  in  most  common  use  in  the  U.  8. 

Electric  Energy  (symbol  Fr)  is  represented  by  the  work  done  in  a  circuit 
or  conductor  by  a  current  flowing  through  it.  The  unit  is  the  Joule,  Its 
absolute  value  is  10*  ergs,  and  it  reprepresents  the  work  done  by  the  flow, 
for  one  second  of  unit  current  (1  ampere)  through  1  ohm. 

Electric  Fower  (symbol  F)  is  measured  in  watte,  and  is  represented  ^  a 
current  of  1  ampere  under  a  pressure  of  1  volt,  or  1  Joule  per  second.   The 
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wait  Miudi  Id*  abaolntd  units,  and  746  watts  equals  1  horse-powdr.  In  elec- 
tric lisntlng  and  power  the  unit  kUowatt,  or  1000  watts,  is  considerably  used 
to  ar^d  the  use  of  large  numbers. 

Re»i9iiv%ty  (symbol  p)  is  the  specific  resistance  of  a  substance,  and  Is  the 
resistance  m  onms  of  a  centimeter  cube  of  the  material  to  a  flow  of  cur- 
rent between  opposite  faces. 

Omductance  (symbol  G)  is  that  property  of  a  metal  or  substance  by  which 
it  conducts  an  electric  current,  and  equals  the  reciprocal  of  its  resistance. 
The  unit  proposed  for  conductance  is  the  JAo,  but  it  has  not  come  into 
prominent  use  as  yet. 

CbnducHvity  (symbol  v)  is  the  specific  conductance  of  a  material,  and  is 
therefore  the  reciprocal  of  its  resfstiyl^.  It  is  often  expressed  in  compari- 
son with  the  conductivity  of  some  standard  metal  such  as  silver  or  copper, 
and  is  then  stated  as  ajpercentace. 

Iwductanct  (symbol  £),  or  coefficient  of  self-induction,  of  a  circuit  is  that 
coefficient  by  which  the  time  rate  of  change  of  the  current  in  the  circuit 
must  be  multiplied  in  order  to  give  the  £.M.F.  of  self-induction  in  the 
circuit.  The  practical  unit  is  the  henry,  which  equals  10^  absolute  units, 
and  exists  in  a  circuit  when  a  current  varying  1  anutere  per  second  produces 
%9oU  of  electro-motive  force  in  that  circuit.  As  the  henry  is  so  large  as  to 
be  seldom  met  with  in  practice,  1  thousandth  of  it,  or  the  milli-henry,  is  the 
unit  most  in  use. 

Below  will  be  found  a  few  rules  for  reducing  values  stated  in  electrostatic 
units  to  units  in  the  electro-magnetic  system.    To  reduce 

electrostatic  potential  to  volt»^  multiply  by  aoo ; 

**  capcieity  to  micro-farads,  divide  by  900,(X)0 ; 

**  qwMtity  to  coulombs,  divide  by  3  x  10^ ; 

**  cwrrent  to  amperes ,  aivide  by  3  x  10*; 

**  reHttance  to  ohms,  multiply  oy  9  x  10^^. 

nrTSJRlTATlOlVA]:!  mLBCTRICAXi  VlflTS. 

At  the  International  (ingress  of  Electricians,  held  at  Ohicagp,  August  2t, 
1863,  the  following  resolutions  met  with  unanimous  approval,  ana  being 
approved  for  publication  by  the  Treasury  I>epartment  or  the  United  States 
Government.  l>ec.  27, 1803,  and  legalised  by  act  of  Congress  and  approved 
by  the  President,  July  12,  18M,  are  now  recognised  as  the  Intematiortal 
units  of  value  for  their  respective  purposes. 

RESOL  VED,  That  the  several  sovemments  represented  by  the  delegates 
of  the  International  Congress  of  Electricians  oe,  and  they  are  hereliy, 
recommended  to  formally  adopt  as  legal  units  of  electrical  measure  the 
following : 

1.  As  a  unit  of  resistance,  the  International  ohm,  which  is  based  upon  the 
ohm  equal  to  10*  units  of  resistance  of  the  C.G.S.  system  of  electro-magnetic 
units,  and  is  represented  by  the  resistance  offered  to  an  unvarying  elect;ric 
current  by  a  column  of  mercury  at  a  temperature  of  melting  ice,  14.4£i21 
grammes  In  mass,  of  a  constant  cross-sectional  area,  and  of  the  length  101.3 
centimeters. 

2.  As  a  unit  of  current,  the  International  ampere,  which  is  one-tenth  of  tbe 
unit  of  current  of  the  C.G.S.  system  of  electro-magnetic  units,  and  which  is 
represented  sufficiently  well  for  practical  use  by  the  unvarying  current 
which,  when  passed  through  a  solution  of  nitrate  of  silver  in  water,  in 
aceoraance  with  the  accompanying  specification  (A)  deposits  silver  at  the 
rate  of  OjOOIIIS  gramme  per  second. 

X  As  a  unit  of  electro-motive  force  the  international  volt  which  is  the 
B^.P.  that,  steadily  applied  to  a  conductor  whose  resistance  is  one  Inter- 
nationkl  ohm,  will  produce  a  current  of  one  international  ampere,  and 

whfeh  is  represented  sufficiently  well  for  practical  use  by  r^  of  the  EJfl.F. 

between  the  poles  or  eleetrodes  of  the  voltaic  cell  known  as  Clark's  cell  at 
a  temperature  of  15<^C,  and  prepared  in  the  manner  described  in  the  ao- 
oompanying  specification  (B). 

4.  As  the  unit  of  quantUy,  the  IntemationaX  coulomb,  which  is  the  quan- 
tity of  electricity  transferred  by  a  current  of  one  international  ampere  in 
one  second. 

ft.  As  the  unit  of  capacity  the  international  farad,  which  is  tho  capacity 
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of  a  oondaotor  oharged  to  t^poteniicU  of  one  international  volt  \fy  one  inter- 
national oonlomb  of  electricity. 

6.  As  the  unit  of  work,  the  Joule,  which  Ib  10^  units  of  work  in  the  G.G.S. 
system,  and  which  is  represented  sui&ciently  well  for  practical  use  by  the 
energy  expended  in  one  second  by  an  international  ampere  in  an  inter- 
national ohm. 

7.  As  the  unit  ofpouwr.  the  watt,  which  is  equal  to  10  ^  units  of  power  in  the 
O.G.S.  system,  and^  which  is  represented  sufficiently  well  for  practical  use 
by  the  work  done  at  the  rate  of  one  Joule  per  second. 

8.  As  the  unit  of  induction,  the  nenrjf,  which  is  the  induction  in  the  cir- 
cuit when  the  E.H.F.  induced  in  this  circuit  is  one  international  Tolt,  while 
the  inducing  current  varies  at  the  rate  of  one  international  ampere  per 
second. 

•pectflcatlOB  A. 

In  employing  the  silver  voltameter  to  measure  currents  of  about  one 
ampere,  the  following  arrangements  shall  be  adopted : 

The  kathode  on  whioh  the  silver  is  to  be  deposited  shall  take  the  form  of 
a  platinum  bowl  not  less  than  10  cms.  in  diameter,  and  from  4  to  5  cms.  in 
depth. 

The  anode  shall  be  a  disk  or  plate  of  pure  silver  some  30  sq.  ems.  in  area, 
and  2  or  8  cms.  in  thickness. 

This  shall  be  supported  horizontally  in  the  liquid  near  the  top  of  the 
solution  by  a  silver  rod  riveted  through  its  center. 

To  prevent  the  disintegrated  silver  which  is  formed  on  the  anode  from 
falling  upon  the  kathode,  the  anode  shall  be  wrapped  around  with  pure 
filter  paper,  secured  at  the  back  by  suitable  folding. 

The  liquid  shall  consist  of  a  neutral  solution  of  pure  silver  nitrate,  con- 
taining about  15  parts  by  weight  of  the  nitrate  to  86  parts  of  water. 

The  resistance  of  the  voltameter  changes  somewhat  as  the  current  passes. 
To  prevent  these  changes  having  too  great  an  effect  on  the  current,  some 
resistance,  besides  that  of  the  voltameter,  should  be  Inserted  in  the  circuit. 
The  total  metallic  resistance  of  the  circuit  should  not  be  less  than  10  ohms. 

Hletliod  of  maklnc  a  Hleaaiireiiieat.  >-  The  platinum  bowl  is  to 
be  washed  consecutively  with  nitric  acid,  distilled  water,  and  absolute 
alcohol;  it  is  then  to  be  dried  at  IfSO^  0.,  and  left  to  oool  in  a  deeicoator. 
When  cold  It  Is  to  be  weighed  carefully. 

It  is  to  be  nearly  filled  with  the  solution,  and  eonneoted  to  the  rest  of  the 
oircuit  by  being  placed  on  a  clean  copper  support  to  whioh  a  binding««orew 
is  attached. 

The  anode  is  then  to  be  immersed  in  the  solution  so  as  to  be  well  covered 
bv  it,  and  supported  In  that  position ;  the  connections  to  the  rest  Sf  22 
oircuit  are  then  to  be  made.  ^^ 

Contact  is  to  be  made  at  the  key.  noting  the  time.  The  current  is  to  be 
SnuSobsSr^ld'^'  """^  ^"^  *^  ^*"  •^  '*^"'  *"*^  '^^  ti'iSJ^f VAaklSS 

Ju^%f^}Sf^^^  **J"°^  to  be  removed  from  the  bowl,  and  the  deposit  washed 
with  distiUed  water,  and  left  to  soak  for  at  least  six  hours.  It  Isthen  to  bt 
rinsed  e^^^esslvely  with  distilled  water  and  absolute  alcohol,  and  driSd  in  a 
hot-air  bath  at  a  temperature  of  about  160o  0.  After  cooling  in  a  deslMator 
**i?  *2  ^®,Y***&^®**  *«f**^-    T*^«  <?»*«»  1°  n»a88  gives  the  silver^epoeHed 

To  find  thellme  average  of  the  current  In  amperes,  this  m^  eS'ressed 
to  grammes,  must  be  divided  by  the  number  of  seSids  dSiS  wifcTth? 
current  has  passed  and  by  0.001118.  "t«i"g  wuiou  ia» 

->»l^M®JSr?  "!"^  ^®  constant  of  an  Instrument  by  this  method  the  current 
m«nt  n£?«rSK  '^,''?^^^^  «?*?™  w  possible,  and  tile  readings  of  the  iJ^. 
Slr^A  frr?rt?hf«w??**^"^\°**'^*^*  °'  ""^o-  These  obse^atlons  give  a 
2?;;ayTthIclS^eS%'/^^^^^^  "^  *^*  ™«-  currentntSne 

thTs^reiSnT'  ^  '"^'''^^^^^  '^^"^  *^«  voltameter  results,  corresponding  to 
«^SrSS^ri!L^®*' '°  this  experiment  must  be  obtained  from  a  battery  and 
SecSSd^amSSeter^'*®^     ^  Instrument  to  be  calibrated  is  an 

The  cell  has  for  its  positive  eleetrode,  OMroiiry,  and  for  Its  negative  elec- 
♦rwle.  amalgamated  dnc ;  the  electrolyte  oonsisU  of  a  saturaterfsolutlon  of 
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I  snlphAte  and  mercurous  sulphate.  The  eleetromotlfm forae  It  IMi  Toltt 
at  ISP  C.,  and,  between  1V>  C.  and  2BP  C.  by  the  increase  of  !•  0.  in  tempera- 
ture, ^e  eleetromotlve  foree  decreases  by  .00115  of  a  volt. 

]L  Prep»rAtlom  of  tb«  IHIerciirj.  — To  secure  purity  it  shoold  be 
first  treated  with  acid  in  the  usual  manner,  and  subsequently  distilled  in 
▼acuo. 

S.  Pi«p»rAtl«B  of  <be  ZIsc  AmalfrAiB.— The  sine  designated  in 
eommerce  as  "  oommerciallv  pure "  can  be  used  without  further  prepara- 
tfon.  For  the  preparation  ox  the  amalgam  one  part  bv  weight  of  zinc  is  to 
be  added  to  nine  (9)  parts  by  weight  of  mercury,  and  Doth  are  to  be  heated 
in  a  porcelain  disn  at  lOO''  u.  with  moderate  stirring  until  the  sine  has  been 
folly  dissolyed  in  the  mercury. 

3.  Pr«p»r»tlOB  of  tbe  Morcnrone  Snlpliato. — Talce  mercurous 
sulphate,  purchased  as  pure,  mix  with  it  a  small  quantity  of  pure  mercury, 
ana  wash  the  whole  thoroughly  with  cold  distilled  water  by  agitation  in  a 
bottle ;  drain  off  the  water  and  repeat  the  process  at  least  twice.  After  the 
last  washixig.  drain  otf  as  much  of  the  water  as  possible.  (For  further  de- 
tails of  purmcation,  see  Note  A.) 

4.  PrepanattoB  of  <lio  Xlmc  Salpliate  0olattoB.~  Prepare  a 
neutral  saturated  solution  of  pure  reHsrystalliaed  zinc  sulphate,  free  from 
iron,  by  mixing  distilled  water  with  nearly  twice  its  weight  of  crystals  of 
pure  Bmc  sulphate  and  adding  zinc  oxide  In  the  proportton  of  about  2  psr 
oent  by  weight  of  the  zinc  sulphate  crystals  to  neutranse  any  free  acid.  The 
crystals  should  be  dissolved  by  the  aid  of  gentle  heat,  but  the  temperature 
to  which  the  solution  is  raised  must  not  exceed  9SP  C.  Mercurous  sulphate, 
treated  as  described  in  3,  shall  be  added  in  the  proportion  of  about  12  per 
eent  by  weight  of  the  zinc  sulphate  crystals  to  neutralize  the  free  zinc  oxide 
remaining,  and  then  the  solution  filtered,  while  still  warm,  into  a  stock 
bottle.    Crystals  should  form  as  it  cools. 

ft.  PropssrAtlOB  of  tbo  Marciiroiia  Snlpbato  and  Mtme  Aal- 
pb»to  Paat«.  — For  making  the  paste,  two  or  three  parts  by  weight  of 
mercurous  sulphate  are  to  be  added  to  one  by  weight  of  mercury.  If  the 
sulphate  be  dry,  it  is  to  be  mixed  with  a  paste  consisting  of  zinc  sulphate 

arstala  and  a  concentrated  zinc  sulphate  solution,  so  that  the  whole  con- 
tutes  a  stiif  mass,  which  is  permeated  throughout  by  zinc  sulphate  crys- 
tals and  globules  of  mercury.  v 

If  the  sulphate,  however,  be  moist,  only  zinc  sulphate  crystals  are  to  be 
added ;  care  must,  however,  be  taken  that  these  occur  in  excess,  and  are 
not  dissolved  after  continued  standing.  The  mercury  must,  in  this  case 
abo,  permeate  the  paste  in  little  globules.  It  is  advanti^eous  to  crush  the 
sine  sulphate  crystals  before  using,  since  the  paste  can  then  be  better 
manipulated. 

Xo  sot  vp  tbo  Coll.  —  The  containing  glass  vessel,  represented  in  the 
ftecompanying  figure,  shall  consist  of  two  limbs  closed  at  bottom,  and  Joined 
above  to  a  common  neck  fitted  with  a  ground-glass 
stopper.  The  diameter  of  the  limbs  should  be  at 
least  2  ems.  and  their  length  at  least  3  cms.  The 
neck  should  be  not  less  than  1 JS  cms.  in  diameter. 
At  the  bottom  of  each  limb  a  platinum  wire  of 
about  0.4  mm.  in  diameter  is  sealed  through  the 
glass. 

To  set  up  the  cell,  place  in  one  limb  mercury, 
and  in  the  other  hot  liquid  amalgam,  containing  90 
parts  mernurv  and  10  parts  zinc.  The  platinum 
wires  at  the  bottom  must  be  completely  covered 
hj  the  mercury  and  the  amalgam  respectively.  On 
the  mercury,  place  a  layer  one  cm.  thick  of  the 
sine  and  mercurous  sulphate  paste  described  in  6. 
Both  this  paste  and  the  zinc  amalgam  must  then 
be  covered  with  a  layer  of  the  neutral  zinc  sul- 
phate crystals  one  cm.  thick.  The  whole  vessel  must 
wen  be  filled  with  the  saturated  zinc  sulphate  solu- 
tion, and  the  stopper  inserted  so  that  ft  shall  just 
touch  it,  leaving,  however,  a  small  bubble  to  guard  FlO   1.  -• 

against  breakage  when  the  temperature  rises. 

Before  finally  inserting  the  slass  stopper,  it  is  to  be  brushed  round  its 
upper  edge  with  a  strong  alcoholic  solution  of  shellac,  and  pressed  firmly 
in  plaoe.    (For  details  of  filling  the  cell  see  Note  B.) 
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DESCBIFTION    OF    INSTRUMENTS.  IS 


IVotes  to  tbe  Ap«cHlcatloi 


(jtl*  Vhm  Hercnirov*  Anlphato.— The  treatment  of  the  mereuroiu 
sulphate  has  for  its  object  the  remoral  of  anv  mercurlo  sulphate  which  de- 
composes in  the  presence  of  water  into  an  acid  and  a  baste  snlphate.  The 
latter  is  a  yellow  substance — turpeth  mineral  —  practically  insoluble  in 
water :  its  presence,  at  any  rate  in  moderate  quantities,  has  no  effect  on  the 
oelL  If,  howcTcr,  it  be  formed,  the  acid  sulphate  is  also  formed.  This  is 
soluble  in  water,  and  the  acid  produced  affects  the  electromotire  force.  The 
oblect  of  the  washings  is  to  dissolye  and  remore  this  acid  sulphate,  and  for 
this  purpose  the  three  washings  described  in  the  specification  will  suffice  in 
nearly  all  eases.  If,  however,  much  of  the  turpeth  mineral  be  formed,  it 
showB.that  there  is  a  great  deal  of  the  acid  sulphate  present ;  and  it  will  then 
be  wiser  to  obtain  a  fresh  sample  of  mercurous  sulphate,  rather  than  to  try 
by  repeated  washinss  to  get  rid  of  all  the  acid. 

The  free  mercury  nelps  in  the  process  of  removing  the  acid ;  for  the  acid 
mercuric  sulphate  attacks  it,  forming  mercurous  sulphate. 

Pure  mercurous  sulphate,  when  quite  free  from  acid,  shows  on  repeated 
washing  a  faint  yeUow  tluM,  which  is  due  to  the  formation  of  a  basic  mer- 
curous salt  distinct  from  the  turpeth  mineral,  or  basic  mercuric  sulphate. 
The  appearance  of  this  primrose  yellow  tinge,  which  is  due  to  the  formation 
of  a  basic  mercurous  salt  distinct  from  the  turpeth  mineral,  or  basio  mer* 
curie  sulphate,  may  be  taken  as  an  indication  that  all  the  acid  hM  been 
removed ;  the  washing  may  with  advantsge  be  oontinned  until  this  tint 
appears. 

(ff).  VilllMT  tlie  C«11.~ After  thoroughly  cleaning  and  drying  the 
glass  vessel,  place  it  in  a  hot-water  bath.  Then  pass  through  the  neck  of 
the  vessel  a  thin  glass  tube  reaching  to  the  bottom  to  serve  for  the  intro- 
duction of  the  amalgam.  This  tube  should  be  as  large  as  the  fflass  vessel 
will  admit.  It  serves  to  protect  the  upper  part  of  the  cell  from  being 
soiled  with  the  amalgam.  To  flU  in  the  amalgam,  a  clean  dropping-tube 
about  10  cms.  long,  dnwn  out  to  a  fine  point,  should  be  used.  Its  lower  end 
is  brou|dit  under  tne  surface  of  the  amiugam  heated  in  a  porcelain  dish,  and 
some  of  the  amalgam  is  drawn  into  the  tube  by  means  of  the  rubber  bulb. 
The  point  is  then  quickly  cleaned  of  dross  with  filter  paper,  and  is  passed 
through  the  wider  tube  to  the  bottom,  and  emptied  by  pressing  the  bulb. 
The  point  of  the  tube  roust  be  so  fine  that  the  amlagara  will  come  out  only 
on  sqoeesing  the  bulb.  This  process  is  repeated  unUl  the  limb  contains  the 
desired  quantity  of  the  amalsam.  The  vessel  is  then  removed  from  the 
water-bath.  After  cooling,  the  amalntm  must  adhere  to  the  glass,  and 
must  show  a  clean  surface  with  a  metallic  luster. 

F6r  insertion  of  the  mercury,  a  dropping-tube  with  a  long  stem  will  be 
found  convenient.  The  paste  may  be  poui^  in  through  a  wide  tube  reaoh^ 
ing  nearly  down  to  the  mercury  and  having  a  funnel-shaped  top.  If  the 
paste  does  not  run  down  freely  it  may  be  pushed  down  with  a  small  glass 
rod.  The  paste  and  the  amalgam  are  then  both  covered  with  the  sine  sul- 
j^^te  crystals  before  the  concentrated  zinc  sulphate  solution  is  poured  in. 
This  should  be  added  through  a  small  funnel,  so  as  to  leave  the  neck  of  the 
vessel  clean  and  dry. 

For  oonrenience  and  security  in  handling,  the  bell  may  be  mounted  in  a 
suitable  case  so  as  to  be  at  all  times  open  to  inspection. 

In  using  the  cell,  sudden  variations  of  temperature  should,  as  far  as 
possible,  be  avoided,  since  the  changes  in  electromotive  force  lag  behind 
those  of  temperature. 

CHAPTER  III. 

]»»KAKPno]f  Of  immTwtijmMBrrm. 

Although  no  attempt  will  be  made  here  to  fully  describe  all  the  different 
instruments  used  in  electrical  testing,  some  of  the  more  important  will  be 
named  and  the  more  common  uses  to  which  they  may  be  put  mentioned. 

The  four  essential  instruments  for  all  electrical  testing  of  which  all  other 
instruments  are  but  variations,  are:  the  battery ^  the  gcUvanomtter^  the 
regUtanc0-baxt  and  the  ctrndenserj  and  following  will  be  found  a  concise 
deseription  of  the  more  important  types  of  each. 
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A  Voltaio  Battery  is  a  device  for  oonvertins  chemical  energy  directly 
into  electrical  energy. 

If  a  plate  of  chemically  pure  sine  and  a  plate  of  copper  are  immeraed  in 
dilute  sulphuric  acid  no  chemical  action  takes  place.  As  soon,  however, 
as  the  sine  and  copper  plates  are  connected  by  an  electrical  conductor 
outside  of  the  liquia  a  vigorous  chemical  action  is  set  up,  the  sine  dis- 
solves in  the  add,  and  hyorogen  is  liberated  on  the  cooper  plate.  As  long 
as  this  action  takes  place  an  electric  current  passes  from  the  sine  plate 
through  the  acid  to  the  copper  plate  and  through  the  conductor  back  to 
the  sine  plate. 

The  chemical  action  in  this  simple  voltaic  cell  soon  becomes  weaker, 
and  at  the  same  time  the  intensity  of  the  electric  current  diminishes  and 
finally  becomes  sero.  The  diminution  of  activity  is  chiefly  due  to  the 
accumulation  of  hydrogen  on  the  copper  plate,  causing  what  is  known  as 
"polarisation."  An  agent  introduced  into  a  galvanic  cell  to  prevent 
polarisation  is  called  a    depolariser." 

The  chemical  reaction  of  a  voltaio  cell  is  directly  proportional  to  the 
quantity  of  electricity  p*^»"g  through  it.  The  quantity  (in  grammes)  of 
an  element  liberated  or  brought  into  combination  eleetrolytically  by  one 
coulomb  of  eleotrioity.  is  callea  its  electrochemical  equivalent.  (See  table 
onseoond  page  of  section  on  **Electroch«nistry.")  The  theoretical  con- 
sumption of  material  in  a  voltaio  batterv  doing  a  certain  amount  of  work 
can  be  calculated  from  the  electrochemical  equivalent  of  the  material.  For 
example,  in  a  battery  doing  work  equivalent  to  one  horse-power  hour 

746  X  3600  X  .003887 

E 

grammes  of  sine  will  be  dissolved:  E  being  the  ELM.F.  of  the  battery. 

In  practice  the  consumption  of  material  in  a  galvanic  cell  is  larger,  due 
to  local  action.  Commercial  sine  always  contams  iron,  carbon,  or  other 
impurities:  as  soon  as  these  are  expoeed  to  the  liquid,  local  closed  circuits 
are  formed  resulting  in  the  consumption  of  zinc.  To  prevent  this  wasteful 
action,  the  sine  must  be  amalgamated  with  mercury.  The  action  of  the 
mercury  brings  the  pure  sine  to  the  surface  and  in  contact  with  the  liquid. 
Amalgamated  sine  is  not  attacked  by  diluted  sxilphuric  acid. 

Zinc  is  amalgamated  by  immersing  it  in  dilute  sulphuric  or  hydrochloric 
add  for  a  few  minutes  to  give  it  a  clean  surface,  then  mercury  is  rubbed  on 
with  a  hard  brush  or  cloth  fixed  on  the  end  of  a  piece  of  wood. 

Primary  Cells  may  be  classified  into  two  groups;  closed  circuit  and  open 
circuit. 

Cloaea  Glrcvtt  Cells.  —  Cells  of  this  group  must  be  capable  of  work- 
ing on  a  closed  circuit  of  moderate  resistance  for  a  long  period  without  sen- 
siue  polarisation.  They  must,  therefore,  contain  an  effective  depolarizer. 
The  best  depolarisers  are  copper  sulphate  CuSOa,  strong  nitric  acid  HNOa. 
chromic  acid  CrOs.  oxide  of  copper  CuO,  and  chloride  of  silver  AgCl. 

The  following  table  contains  data  on  the  representative  tsrpes  of  closed 
circuit  cells. 


Name. 


Daniell 
Grove 
Bunsen 
Peggen- 


dox 


orff 

Lande 
Davy 


+Plate. 


Zinc 


« 


Sleotrolyte. 


Salphmic  Acid 
ti  II 


ti 


If 
II 


Caustic  Potash 
Ammonium  Chloride 


Depolarizer. 


Cop.  sulphate 
Nitric  Acid 


II 


<i 


Bichromate  of 

Potassium- 

Sulp.  acid 

Copper  Oxide 

Silver  Chloride 


—  Plate. 


Copper 

Platinum 

Carbon 


(I 


Iron 
Silver 


E.M.F. 

R. 

1.08 

1. 

1.9 

.15 

1.8 

.2 

2. 

.2 

1. 

.1 

1.1 

4.5 

The  values  given  as  electromotive  force  and  intemal  resistance  of 
the  different  types  of  cells  are  approximate  only.  The  E.M.F.  depends 
upon  the  purity  of  the  materials,  the  concentration  of  the  solution;  the 
internal  resistance,  furthermore,  depends  upon  the  dimensions  and  general 
arrangement  of  the  cells. 
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,t  PO  local  bOtlOD 
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+Pl.te 

■m^trclyte. 

Dapolu-lier 

-PU.e 

E.M.F. 

B. 

1«» 
Oumer 

Zlno 
Zii» 

OiIdeDtZlDc.ul4m. 
manlM,  CblDrlde  of 

BiDOilde  o( 

Carbon 

Cwbon 

IJ 

la 

■ulpule  of  «opp«r,  or 
IS  Fig.  2)  u  K  sImb  i*[, 


arT>t*]>  are  pUnd  in 
Um  eoppir,  the  jar  tii 
'-Vt  abon  t*—  "  — 


c.  and  lloBiB  ui 


The  elamanti  are  copper  aod  liuc;  Ihe  (olutioE 
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bottom  of  tbe  sell,  the  lerminal  being 
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Thii  form  of  line  ii  ODnuoonly  called 
and  the  batMry  often  goes  by  that  nan 
timca  Btar-ehaped  nnca  are  Auapended 
nnri  uvriH  tlM  top  of  the  jar.     The  " 
lUned  in  the  bottom  of  thi 
then  being  filled  wil 
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tJlJi 

ir  diOenat  apecifiB  gTBvitin,  the  name  "gra< 
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If  ■ 

theoxygm  forming  onde of  linc, and  the  copper  depoailing  oc 
ing  an  appeaisace  like  black  mud. 

C»re  af  tfea  erBTltj  Cell.  —  For  ordinary  "1oc«l  worL    

pooDd*  of  "blueatons"  per  cell  ii  uiually  found  bent.  When  Ibis 
It  ia  betto-  to  etoan  oat  the  cell  and  supply  new  ulution  than  to  try  to  re- 
pkoiah.  "BhieMoDe"  oyatale  should  not  be  smaller  than  a  pa  nor  as 
brga  M  an  «.  In  good  condition  the  aolution  at  the  bottom  ihould  be  a 
bright  Uoe,  rhanging  to  water-color  above.  A  brownish  oolor  In  any  pari 
(MDoto  dMarioratioa. 

ninavl  i^  over  t^  top  wheq  the  cell  i>  first  set  up.  Tliii  oil  should  be 
odorleaa,  bee  from  naphtba  or  acid,  and  non-inSammable  under  400*  F.  If 
1^  ia  not  tnad.  dipping  the  top  of  the  jar  in  mfdted  n  "  '  '  ' 
iDcb  wiU  prevent  the  nils  of  the  solution  f  "     " 

starting  a  new  battery  it  is  I 


fwty-eictit  hours  tc 


from  climbing  over  the  edge.     Id 
circuit  the  e^B  for  twenty^our  or 
e  sulphate  and  lower  the  Interoal  renstance. 
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IT  polariie  if  worked 
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tipi  9o  that  the  operator  may  aelect  any  number  ol 
celli  desired.  Fig.  4  ghowg  a  portable  tnting  battery 
of  fifty  of  these  cells  complete  reedy  for  use. 

The  E.M.F.  of  the  chloride  of  silver  cell  ia  .9  of 
a  volt,  the  internal  reaistance  being  about  4  ohins. 

afe«momeou"o?'iUei'hau>lionT'chey»ilinotdryou° 
in  any  oUnuite,  have  a  long  life,  and  there  ia  no  local 


ition  of  aulphuric  acid 
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about  ball  a 
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decrWM*  the  E.H.F.  .00115  volt. 

I^tcr  invcatigBtioiii  by  the  Phyalu- 
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^- — '  'sd  by  the  IbLkowinc  fon — ''" 


tlw  CUrk  eell  grm-t  ore  muat  b 

i^eotuidti 
re  bdtind  tb 


w  eo;-     Fia.  a    Ckrhart-Clark  Btandud 


-  "  ■*?l'--~  ''!*"  '"'i  bM  the  Miine  elamwiM  ae  CUrk,  but 
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e  E.M,F.  at  any  u 
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■iiJa<rf  14.7  volt*.  F10.B.     Battery  Cell*  in  S«if». 

»■!•■(••■  —  If  it  _, . 

be  d«rea  to  obtain  more  eurrent  irtratgtn,  i.e.,  more  amperta  witn- 
nrt  ohann  of  E.H.F.,  then  mora  crllt  must  be  placed  along  side  the 
— ^ —  ".—  :-  ■■„  panillel  with  the  flint  row;  eeeb  row  or  tenia  of  oella 
wme  E1.H.F.  and  ioined  together  at  the  enda,  poaitlve 
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terminals  to  pMitire  terminaU,  and  noffatire  to  negative,  adding  their  cur* 
rents  together  at  the  same  E.M.F.  as  in  Fig.  10  below. 

If  still  more  current  strength  be  needed,  another  series  of  cells  may  be 
added,  and  their  current  added  to  the  oirouiti  making  three  times  the  current 
of  one  series. 


SERIES  1 


Fio.  10.    Battery  Cells  in  Multiple 

The  reason  for  this  is,  that  when  two  or  more  resistances  are  placed  in 
parallel  or  multiple,  the  equivalent  resistance  is  decreased,  as  is  shown  in 
another  chapter.  If  the  resistance  of  one  series  be  10  ohms,  the  resistance 
of  two  series  in  multiple  would  be  one-half  of  ten,  or  6  ohms  ;  that  of  three 
series  in  parallel,  one-third,  or  8.33  ohms ;  and  of  four  series,  2.6  ohms. 


Let 


B  =  E.M.F.  of  a  single  cell, 

r  =  internal  resistance  of  one  cell, 

R  .=  external  resistance  in  a  circuit. 


Then  for  n  cells  arranged  In  s«ri«s,  the  current  which  will  How  will  be 
represented  by  the  formula, 


/  = 


nB 


nr  +  R 


n 


E 


If  J?  is  rery  small  as  compared  with  nr,  then  /  =  '-  f  or  the  current  is  the 
same  as  that  from  one  cell  on  short  circuit.  ** 

If,  as  in  telegraph  work,  nr  is  very  small  as  compared  with  R^  then 

/  =  -5- 1  or  the  current  increases  in  proportion  to  the  number  of  cells. 

The  value  of  r  is  nearly  inversely  proportional  to  the  area  of  the  plates 
when  fronting  each  other  in  the  liauid,  and  directly  as  their  distance  apart. 
Therefore,  if  the  area  of  the  plate  is  increased  a  times,  for  one  cell 

B  aE 


Irz 


i+« 


r-^aR 


Let 


N  =  the  total  number  of  cells  in  the  battery, 

n§  =  number  of  cells  in  each  series, 

tip  =  number  of  sets  or  series  in  parallel. 


Then  the  internal  resistance  of  the  whole  battery 

ritr 

To  find  the  best  arrangement  of  a  given  number  of  cells  (A^)  to  obtain  a 
maximum  current  (/)  working  througii  an  external  resistance  (A),  make 

"—  =  A,  or  the  internal  resistance  of  the  whole  battery  equal  to  /?. 

,       ,,  ,      total  E.M.F.         .  - 
In  any  circuit  /=  -t-t-t pr-  »  and  for  any  arrangement 
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When  arranged  for  mazimiim  eurrent  through  a  giyen  external  reeiatanoe  il, 

««  =  y  —  and  «i»  =  y  -^  . 

To  find  the  greatest  current  that  can  be  obtained  from  a  giren  nvmber  of 
eellB  (A' )  through  a  gtven  external  resistance  {B)^ 


1    1  Rr 


Mr 

To  find  the  number  of  cells  in  series  <nt)  and  in  |>arallel  (np)  required  to 
give  a  current  (/)  through  an  external  resistance  (R)  and  to  hare  an  efllr 
elency  (F). 

Efficiency  F=  ^'^^^"'^^  ^^'''^ 
^  Total  work 

I*Ji  R 


The  internal  resistance  of  the  whole  battery  is 

fur      R{\  —  F)        .  -      fuEF 
1^  = J^   and/=-^- 

IR  Ir 


««  =  -5Bt  tip's: 


BF  "'-'  K(l-^F) 

■I.BCTRICAE.  HIBAAimMirO  111 »TJilJ]IIS]f T». 

The  electrical  measuring  mstruments  most  used  in  practice  are  galvanom- 
eters, resistanoe  boxes,  condensers,  voltmeters,  ammeters,  and  watt- 
meters, with  variations  of  the  same,  such  as  millivoltmeters,  milliammeters. 
etc 

CtelvaaoHieievs. 

These  are  instruments  for  measuring  the  magnitude  or  direction  of  electric 
currents.  The  term  galvanometer  can  also  be  properly  appHed  to  the  many 
types  of  indieatins  instruments,  such  as  voltmeters  and  ammeters,  where  a 
needle  or  pointer  is  under  the  influence  of  some  directive  force,  such  as  the 
earth's  field,  a  spring,  a  weight,  a  permanent  magnet,  or  other  means,  and 
is  deflected  from  zero  by  the  passing  of  an  electric  current  through  its 
coils. 

Nearljr  all  galvanometers  can  be  separated  Into  two  classes.  The  flrst  is 
the  moving-needle  class.  A  magnetized  needle  of  steel  is  suspended  with 
its  axis  horizontal  so  as  to  move  freely  in  a  horizontal  plane.  The  suspen- 
sion is  bv  means  of  a  pivot  or  flber  of  silk,  of  quartz,  or  of  other  material. 
The  needle  normally  points  in  a  north  and  south  direction  under  the  influence 
of  the  earth's  magnetic  field,  or  in  the  direction  of  some  other  field  due  to 
auxiliary  magnets.  Near  to  the  needle,  and  frequently  surrounding  it,  is 
placed  a  coil  of  wire  whose  axis  is  at  right  angles  to  the  normal  direction  of 
the  needle.  When  a  current  is  passed  through  the  coil  the  needle  tends  to 
turn  into  a  new  position,  which  lies  between  the  direction  of  the  original 
field  and  the  axis  of  the  coil. 

The  second  class  is  the  moving  coil  or  d*Arsonval  class.  A  small  coil  is 
suspended  by  means  of  a  fine  wire  between  the  poles  of  a  magnet.  Its  axis 
is  normally  at  right  angles  with  the  lines  of  the  field.  Current  Is  led  into 
the  coil  bv  means  of  the  suspension  wire,  and  leaves  the  coil  by  a  fiexible 
wire  attached  underneath  it. 

The  Jlffure  of  merit  of  a  galvanometer  is  (a)  the  current  strength  required 
to  cause  a  deflection  of  one  scale  division ;  or  (fr)  it  is  the  resistance  that 
must  be  introduced  into  the  circuit  that  one  volt  may  cause  a  deflection  of 
one  scale  division.    This  expression  for  the  delicacy  of  a  galvanometer  is 
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-  it  nulsu  tbe  (oUowtng  qnuitttlM  ua  alto  olnn :  the  raiUtmnce 

Of  thi  KiilTiuioin«t«r,  tbe  dlslauos  ol  Che  Hwle  from  (be  mliTor,  tbe  sise  of 
tha  KMh  dtTlalons.  ud  the  time  of  TlbiattoD  of  tha  needle. 

Iba  nruiliimuj  of  ■  gsliuiain«ter  U  tta*  dUTeieDcg  of  potentIM  iiecM- 
UTT  to  be  ImpraHed  between  tbe  nlTKuometer  terminal*  In  or  ' 
dnw  ■  dafleoBon  of  0  "     ' 


;iS.~ 


(a.)  Tht  TiuigaU  Oaleanamelet,  If  tbe  innlde  diameter  of  the  R>ll  irlikib 
■nrrooDdB  a  needle,  beld  at  uro  bi  tbe  earth's  field,  be  at  lea«t.)2  tlmea  the 
length  of  the  needle,  then  tbe  dellectloDg  of  the  needle  vblcb  coiraapond  to 
dllhtant  oniTenl  strengths  sent  tbrouEh  tbe  eolls,  will  be  such  Ibat  the 
onrrant  screcKths  will  rary  directly  M  the  tangenli  of  the  angles  al  deflec- 
tion. Sneh  an  Instrument  U  aallad  a  ttuigent  galTuometer.  It  wa«  (or- 
merlymachosadfor  tbaabsolatenisHarementoIaDiTeDi,  IthaB.bowerer, 
nnuij  DOrrectloD  faelon,  some  of  vhloh  Are  of  ancertaln  magnitude ;  and, 
furthermore,  for  aconiaer  in  the  resolts  yielded  by  It  one  must  have  an 
lovledge  of  the  valaa  of  the  boriiontal  component  of  the  earth's 
This  i)uantltj  Is  eontlnuftlly  chuiglDg.  and  Is  aSected  much 
m  and  the  eilatanoe  of  taeaTj  oarrasts 


latlam.    This  auantlt; 


Inltj. 


le  radio*  of  a  tangent  nlTinometi 

' ■  - — 1*  In  the  coll, 

nil 

•ring  in      


7ra>  It.   Tkngant  tialnuomeMn, 


aALTAKOXKTXBS. 


a  tli«  tonn  - — >  f .«.,  tte  itrenfth  of  the  Ae[d  prodnovd 
■ecotl  br  tbennltotoBrniit,  lacftll»d  Iba  cmMoiil  of  tli* 
III  repraeot«d  by  O,  vbNUia 


Xks  onrrent  tu  amperei  eqoftli  tO  /. 

(t.)    Edtin  (JalKiiKniH(*ri.     Tba  matt  hoiIUt 
€tlk  type  duB  to  Lord  K«lTln.    Ftg.  13  ilioiirg  on*  tor 

'~j  tjttom  oonalsti  of  *  ileDdor  qaut«  rod,  to  the  i 

--* ^*  -* ■ "^ "-*  'xi  th«  piuio  of  1 


tbtcl 


OM  end  of  tha  quarta  tube,  li  t*M- 
tanad  a  complex  of  oaref iiljj  a^ 
lected  mlDQM  mafnatla  naedlM. 
Tba  noitli  anda  of  thoas  nssdlaa 
lint  In  tha  aams  dlreetlOD. 

tba  two   compleiaa    of   siaollT 

Xd  magnatlo  momant,  than, 
D  laipstidad  Id  Iha  aartb'i 
Bald,  no  dlreotlTa  action  wonUbe 
fait.  Id  fut,  thli  ullon  ti  tsit 
•null.  Tba  eomblnktlon  forma 
wbM  li  e*ll«d  ui  atUMe  aratem. 
Xuh  mainatlo  complex  la  In- 
aloud  batwaaa  two  vir*  oolli. 
ThafOni  ooll*  ara  auppliedir"' 


ng,  Uabowi  ■oota  u 

...    Tba  taoiini  mlrroL 

1  Baflaatlng  Aatatio     reflentB  an  Imueof  tbaaoalelnio 

-■"■  " —  "-'-  Ibo  objactiro  of  tba  taleteopa. 

CoDtlauona  vork  vKb  tbe  tale- 

.  and  la  oertalnljr  tlregome.    Wbare  mnob  gal- 

_    tii-aa  done  by  Ibe  luDe  peraon,  a  ray  of  ligbt  from  • 

aatii  elaotrlo,  tc*a,  or  ou  lamp  li  ao  dlreetsd  u  to  be  rBdeetad  from  tba 

mimir  on  tba  neadle  upon  a  dlrldod  Hoale,    flnob  a  lamp  and  aaala  ia  ■b6«a 

*-'■-' — *■- -  neodla  qnlckl  J  to  raai  when  imder  tbe  In- 
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Wa 


;.^^**'?«»»^^ 


OAtTAIfOHKTEBa. 


In  ma  loeloMd  nlutinber  whloli  coDUini  ■ 

iH«lt«  !■  LnctoKd  in  ft  hollow  mads  In  ■  biooK  oi  copper.  ~x'n«  eaay 

laducBd  by  tho  moTlng  nA«dl4  readt  upon  it  wid  ttop  iU  cwiuflng. 


■  lUv  lo  b«  prafelred  In  mil  auea 

OMtij  1a  reqolrai' 


Dillire  fom 


where  the 


leH  nlTk 

MlofdelH      ,  

oetlo  Seld.  tlwj  Ufa  bemmde  lo  deOaot  01 ._ 

e  o(  one  meter,  when  one  mtorovalt  l«  ImpreHsd  between  the  tennlnila 
Lunnil,    Tbia  UiatUolent  lot  nearly  mil  pnrpoeeB.    The  lerultlTeneH  ornn 
,  i»™.— ^  fc.  ~aliis  mn  electrommgnetio  Held.    The  moTlng-eoil 


i 


imn  of  tmlTanomMar  bmi  the  folknring  good  point*  :  Iti  readinn  u»  but 
■lightly  mtreoted  by  the  prMsnca  ot  muneKo  ■Dbetmnoea  Id  Iba  Tlelnlty,  mod 
mrepr»et1cm1]y  Independent  of  the  earth*!  Held  1  thelnatmmsnt  omn  beeaally 
mmde  demd-bemt-,  and  many  forma  m»  not  mnch  affected  by  Tlbrationi. 

a.  Ifi  ahowa  a  form  of  D'ArMnval  galTanomeler  ot  biah  xinilblllty.  The 
fahown  at  the  right)  la  ImclHeilln  an  alnmlmun  tnW  JEddy  onrrenM 
an  ukdnoed  In  tbla  tnbo  vhen  the  coll  ■wjnga.  "niey  came  damping,  and| 
wtth  a  VTOfT  thteknea*  of  inbe,  the  lygtem  may  be  mada  aperiodic. 


neten  are  uaed  for  measuriu  or  ooEapnring  qumntitiea  of 
Sow  in  circuita  when  a  oondouer  la  diaobmiged  or  mu- 
are  dliturbed.     The  time  of  oacillatiou  ortbe  needb 
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e  wifli  , 


with  tha  ilmtiim  of  the  diaohftriFfl. 

of  the  Deedl«. 
if  qu&ittities  of 


•iMtridty  oaD  sMily  b«  mude  witb  galvoDometen  of  mcxlente  o 
ptronc  dmnpiiig.    AboolutB  detertainAtiQb  of  quantity  by  . 
EkIUmIb  galvaooDMta  nquim  Ereat  aipsrimsita]  precautic 
"-■ T,  by  E.  L.  Niahota.) 


MtnweM  for  «ke  HMuarcaaeBt  sf  All«tTa»MBC  Can 


(Abatraot  (rom  Tram.  A 


Fia.  IS. 

tnent  dqwoda  tipoD  the  heaUns  effect  o< 
of  WftY»-tonn  and  freqiieE  — 
Refarinc  to  Fig.  16.  li 

wire  when  shuntB  are  i ,  - 

0.158  in.,  being  held  near  their 


holly 


._  _^.    _. anull  wirea.  AB,  of  No.  33  hArd-drawn 

thuntB  are  lued.  lie  paralld    to  each  other  at  a  diotan 

the  eode  of  the   _____ ._   , 

One  taoa  of  a  imall  annular  diili  of  ivory.  D.  reeta  af 
at  their  middle  point,  a  0.fi-iii.  circular  nun-or  beinc  f> 


OAL  V  AX  OHETERS. 


of  tlw  ■prtnc  about 
101  nat  dirwtly  upon  (ho 
HID  of  &  HBsll  ackta  Mud 
tha  ilot  of  thg  kfkM  ■tud 

bar  upptt-  tntmxuty  &r« 


1 1  prerfnt  lost  motioD 
-     -s  MTBWod  up  or 

I  iboTS  dcMTibed 


it  dirMUT   in 
dink. 


ii  papmiaaby  k  brw  f 
itiSriAbtt  (op.     Thu  mm. 
aredu  Diekri-^bud  bnaa  t 

front  of  tb«  aiimr  on  them 

Fil.  IT  ibowa  d«»Tly  tbe  uTsOBomm 

ruit  mud  tbs  ■ppcaraooc  of  tha  is  ^ 

By  mevks  <m   tho  uljuBtLBff  • — 

louHiD  01  th«  two  win*  may  be  ao  adjugtad 
Ifaat  tiie  ptftDB  of  the  mirTor  vLU  be  TattinL 
hi  ■  Ihie  diswn  in  tha  dimliao  of  the 
i|irui(  vfaioh  ludda  the  mirror  ai^minat  the 
wirei.  Now  if  any  eloncation  oooim  in  the 
wiie  m  the  rwht»  tliat  <ide  of  tha  mirror 
■ill  badrmwudownorbkckbr  thaapring.or 
■  deflection  to  tha  right  ia  obtaiuad.     Idk*- 

«  tba  Mt,  tb*  ndrror  will  dedeot  to  tha  left. 

tf,  howera.  an  euetly  equal   dlMication  ciu.  n. 

plane  of  the  mirror  will  not  tilt  but  iriioplT  move  back  kaepinc  parallel  to 

If  the  miirar  ia  ohaonrad  with  a  tttoacopa  and  aale,  aay  at  a  diatanea  of 
on*  meter.  TSy  minut*  angular  defleetiona  of  the  mirror  will  be  eaiily 
otaerred,  while  a  ankiif  back  of  (be  plane  of  th*  mirror  away  from  (be 


( 


on  la  aarck  and  eatain  preeauti 

.  . je  BtnDsth  of  tba  direct  oomo 

la  alt«niatii>c  cuncot  will  alao  be  ki 
■™t  eumnt.     HUa,  bowevw.  ia  on  . — 
h  the  wirea  A  and  B  ta«lDee  aqua 
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... . _.«^  »,^,,.^«it.  lujuiwnu  witb  t«i>-ofl  pointB  c  and  d, 

vhieb  the  nn«taJioa  ft  bma  pravioiuLy  bean  detcmunsd.     Tbc 
indioBtBd  Id  the  doicmo  "Ul ' '"  ' 


, from  ooB  It  _ 

r,  i«  m  ilida  win  rauUUM  alone  whioh  m  ilklOT  p  may  b* 
— .rying  the  prflKUT*  diflflreooa  at  a-h  from  ivo  to  tofl 
— t '  •'- itora^o  battwy. 


IS  elMtromotiT*  [«m  of  tb 


Fio   U. 


initallad,  a 
vetuenl  tsmpwatun  oi    us  wirea  ana  ItttOM  mun  bs 
Fie.  IS.) 

tal-feU)£  =  Sto4-fTto!and 
to  c  +  4  to  d  =  3  to  a -I- 6  to  b. 

Thui  whils  thii  pm  ths  over-all  rcsUtanos  Irom  a  Uiraugb  tht  irirs  W4 
to  b  equal  to  the  ovec-all  reutuies  tnun  <1  throucb  the  win  Wm  to  c.  the 
ctiffsrcvt  portions  of  Ihs  cinuit  must  bs  matched  in  reeutaacs  as  stated 

When  the  gwiteb  B  is  ckissd  on  tbe  altematinc-ouncDt  side  the  two 
wires  W.  and  Wt  are  thrown  in  parallel,  and  the  two  pacsllsl -connected 

■Hid  Aivuitji  at  the  points  3  and  4  is  appLied  the  sams  potential  diflirence, 
-'  diffcnnoe  ban(  the  drop  on  the  bw  rMistanoe  R  carryina 


the  alMn 


iC  eurrent.  The  drop  ov«r  ft.  inasmui 
•  ■lishttir  lowered  by  tmng  shunted  by 
ad  their  leads,  and  this  lowsrinc  of  Ihs  | 


instrument  and 

dably  ireater  when  the  two  wire*  in  parslli 

when  only  one  wire  with  its    lead*  shunts 

theslightiowerina  of  the  potential,  both  wires 

them  equal  currents,  each  ourreot  bung  nenriy  lae  ii 

throufh  the  one  wire  IF.  if  the  switch  S  wa-e  opCD,  and 

With  the  reai'it«nees  of  the  i 
both  wires  will  get  equal  aurre 
so,  and  the  mirror  m  instead 
plane  parallel  to  the  position  w 

When  the  swileh  S  it  thiowi 
drop  over  the  lesiitanoe  ft  u 
potaotial  differeooe  betwea 


poteatial  is  not  ap»te> 
t  the  resistenoe  A  than 
isstanoe.  Disrenrdiu 
rw  have  pasaing  through 
IB  um,>  »  «.uld  pass 


GALTA^OHSTZB«. 


lUi  drop  bMwaiB  n  nod  b  cui  ba  -nri' 
TtMihimt  I 


MUnc-cumnt  ddi 
^lii  polmUal  drop  i>  ikvi  ecu 
•try  drop  of  patantinl  bfing  ■ 
]■  noall.  and  tbanfon  tbay  mi 
to  maka  thim  praoticaUy  aoa-i 


m.  mTy^ba 

inBtrumeot 

1  iu  alMr- 

maanirad. 

low,  Ihe  Biagy  dioipaUd  in  (ha  ^unu 
b«  of  vary  moatraM  dia.     It  ii  alio  «a>y 


t  R  niay  be  dBai^nad  to  oarry  any  cum 

Up-off  or  potential  poiau,  ao  that  tb« 
I  approsmately  tbs  ■ama  potaatial  applied 
la.  whatever  the  itrencth  of  the  cum-'  •-  *- 


Mirable  to  we  a  inlTaDonieCer  ol  bleb  aaiulbllltr  tor  work 
lueb  lower  ■eailbllltj.    Again.  It  may  be  oonTaulent  (o  sail- 


( 


•<2 


, lometer  of    l_. 

iDalbllllT,  vblle  It  woald   be 

.jconTetifeDttooallbrateamore 
1°       aenaltlTe  one     It  la  thorofore 

naef  ul  to  be  abla  to  obanva  (be 

BSDalblltty  In   a   kaovn    ratio. 


no.  •.  alt 

rent  Bovins  lj  allowod  to  go  thr 


'??t  l»°ff 


'Sa-^± 


B  =  tbe  reaiatasoe  oE  the  ahnot, 
tba  joint  realatasce  of  tbe  two  la  q-t^  ■ 
I  =  tbe  (OUl  enrrent  flowing  In  Ibe  clrcnlt,  and 
I  ,=  tba  part  flowing  through  tbe  galianometer, 
j-  =  ^^|^  =g  +  l=  Ou<ilu^lipltH^gpo<la■oltba^bant. 
'•■latasBa  of  a  aboal  whleb  will  glTe  a  certain  multiplying  power,  n 


■.  Ayrton  &  Mather  bare  dereloi^ 

■  D*«  ahunt,  whleb  can  b«  uied  with  any 
galTanoDiater  IrraapecllTe  of  Ita  reaiaC- 
■see :  (ollowing  la  a  dlasrvn  of  It. 

A  and  B  are  termlnala  for  the  galTuio- 
n*Mi  eOiuestloiH.  B  and  C  are  tbe  In- 
goliv  and  ODtgoIng  termlnala  for  bMterr 
SiVeSt.  .  To  »W?f ■ 


.  ,  .jBd  t.  To  throw  all  the  current 
iToni^  O.  put  a  ping  In  f  only.  To  uae 
la  abanta,  place  a  plug  In  h,  and  laare  it 
tare  until  tbroogh  Dalng.  Inthlametbod 
jt  nacraaary  to  know  tbe  i 


Taanparatora  variation*  maka  no  dlffar- 
MMM.  proTided  they  do  not  take  place 
dniliig  one  aet  of  EeaU.  The  reaittaiioe 
r  Eoay  tw  any  nnmber  of  ohme,  but  In  ord 


panuuent  attaohmenta  to  the  various  blueka  ai 

ll«>rT«|«DdlDgWltb    j^-  j^    i    ObDM. 
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Flo.  21.     Ayrton  &  Mather's  UdivohI  Shunt. 


taDM  of  ft  uniform  ooJanm  of  mflrc 

with  (ueh  t,  nAodard.  and  tlieref 
mad*  up  and  (tkndardiMd  with 
ondary  ilandanli  are  made  of  h 


n.  UHixand  14.4521  etb 
.ry  itandarda  < 


ipared  with  ooppo',  and  should  hHvn  a  fairly  high  resinlvity. 

1,.    . .^ gU    of    ihMB    qUgTiliBl    (MB    "'l 

lo    frequently    used.     An   a« 


■hen  propfly  treated 

Conductore").      Platinoiu    n 

itandanlg  of  Tsiiou*  oonvei 

radstsnee  boi,  or  rhfoetat. 

Fif.  22  ihovs  tbapBttemi 


ipted  by  the  PhvBiluJisch  Iteiehganitalt  and 
^^— »iavine  a  -■— ■ ■ 


BEaiSTAMCBB. 


Tb*  farm  ot 


t^  iiMlaiiKi  of  the  particulai 
DOHiKlDMive  windinc  is  rae& 
diaad  «Dd  ia  plaoed  on  tb<  br 
bobbi&-     Br  tbia  mattiod  ttTiy  Qi«ccro* 

mbSby  aa  equivml«ot  action  in  the 
atlMr.  Mid  tbae  a  ao  induotiva  affect 
vhfln  tha  drcujt  ia  op«D«l  or  dosed. 

Tin  poet-offlce  patteni  of  WhesMlone 

bri^  ia  ana  of   Ihr ' '-■ 

nMd,adiuramo(  iti 
rfuwB  iTTw.  34. 

Odb  arm  of  the  bridge  has  Hparate 
iHrtanes  ot  the  fotbwiaK  valuen: 
t.2,  3.  4.  to,  20.  30,  40,  100,  200,  3Q0, 
40O.  1000.  2000.  3000.  and  4000  ohmi. 
Anotber  arm  ii  left  opan  for  tha  uflliooHD 


box  mort  fre>iueat1y  ir 

of  which  iadtt 

iulsl«il  vire  wouad  non-indiutiTeJ^  < 
clu,  wo  arranged  t' 
blqoki.  thiuAion- 


h  the  pliu  ia  placed.     By 

■-  '—  doablBd,  than  th« 
d  double  about  the 


renwctLTe 

wifb  the  1 


A  the  Dtha  for  cio«ing 

__.. circuit.    The  battery 

key  iboiild  be  cloeed  fint:  and  in  »me 


Fio.  3B.     Diacram  ot  Anthony  Bridce. 
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lutnimsit*  tha  two  kayi  are  tmnied 
IhB  gBlyuomeCar  key,  u  [but  h'"  ""-  «' 
Pr)I.  AnlboDy  hu  devised 


batta-y  key   on   top  of 
10  thou«od«.     Any  number  of  any 


The   WhesUloae   bridn  urancement  hu 
the  dindv&iitace  of  reauirini  t  Iw^  Diunbcr 

01  plug!  to  ihort-arDuit  the  rtnitancM  not 
m  use,  wbich  ibtroduoee  an  element  of  uncer- 
tninty  ag  to  reaietftnee  of  the  plus  coDIaotg 
— '  "— lity  of  adding  up  " ' ' 


eoile  be  numlmd^  (1).  (2>'  <3)"w_^l  v!?"" 


6-*; 


Fie.  28  •faowa  a  m 

uae  ol  t,  angle  pliu. 

The  drcica  in  the 


diegrmm  repreeeot  ti 


o  blocks  At  the 


n  brsB  blooki  eaeh. 


WATBK   KHE08TAT8. 


Ihittf  >  phw  b«  iuMTtad  batwi 
-'  ---—a  an  annsctsd  «i~- 


c  blooCTlu 


a  Ihe  blocks  2  and 


irtudi  han  DO 


Ib  tartisg  dyiumgi  aod  otbv  elcctrioal  apparMiu 
produdiy  kTBO  unounU  of   eneno'..  it  it  Btotanzy  to 

«BVD  danldpad,  uxl  Uii  ii  almost  invariably  dons 
bt  va  ma  ot  iIm  wathi  aaaoimT.  which  in  it* 
wnplart  form  connfta  of  a  box  or  banel  of  wood,  in 
wUiiii  an  plaaad  two  owtal  (leotrDdH  which  can  be 
■djorttd  in  niatioQ  to  •adi  other  k  u  to  incrcaae 
Ike  nsftaooe  by  a^iaratins  tham.  or  decrease  it  by 
apiiniuluns  thioii  to  each  othv.     Coils  of  Halvaniaed 

1,  February,  1898. 


fin*  ranilta  of  a  uumb«r  of  cip 

iron  eleetrodm  and  wat«  from  fauoet.     With 

ItUm  ""il^l'^t^aale^mih*  t  "bSS"-  """£ 
F.  D.  aOO  Tolta.  With  2  ampereg  at  71  voRa  I 
hour.  tMnperatura  rose  to  167'' F.  ' 

Rnolt:  gsfa  Qroa  section  in  30.7  aq.  in.  for  3 
~      BT  and  horiaontal  (doctrodsa.  watts  absorbed 


ma. 


a  iar  and  eteatrDdse 


water  used:  tlampace.  7voju,  ««;uo .,   -i^--. . <» 

ton  Rne  to  122°  P.  and  was  (lowly  rvdog  whoa  stopped. 
IHr  en.  in.  ot  liquid,  X, 

(c)  Wooden  troiwh  42*  XM'  X  8*.  vertiGal  sheet  inn  eleetrodea;  oroea 
■eetioB  ot  liquid.  44  sq.  in.  With  10%  solution  ol  salt  water,  and  lOampena 
■owiu.  taoiperature  at  and  of  run  OS*  F.  Electrodea  41}'  apart.  P.  D. 
10  nrita.  Cunut  density,  about  i  amp.  pa  eq.  ia.;  watts  abeorbad,  .11 
■ate  per  ou.  in.,  woold  probably  carry  13  to  1£  amperes  safely. 

ll  n  apparent  that  salt  inanaaea  the  cDrrent  carTyinc  capacity,  but 
deereasM  watM  atMorbed  po-  cu.  in. 

id)  Wliiakay  baiiel  filled  with  clAr  water,  mectrodee  were  horisontal 
tirndar  inm  plalea  A*  thick.  Platte  281'  apart,  P.  D.  of  486  volts  save 
oarmt  ot  2.11  ampana.  With  plalea  {'apart.  P.  D.  o(  228  volts  nve 
3&#5  amperca  at  the  end  of  one  hour.  Whsn  temperatitre  of  the  water  nad 
teached  I7G*  F.,  ouieb  sac  was  civco  off.  Current  deniuty  .12  amp.  per 
•q.  in.,  and  wstta  ahaorbed  SOJi  per  cu.  in. 

With  larce  onrrait  density  and  direct  curmt  there  is  much  deoomni- 
iitiin  of  the  aleetrodM  with  (itber  oleai  or  suit  water.     Horiaonial  efeo- 


thmush  the  top  pli 
QM  atmucer  aoniuoi 
theoetat  it  ia  beat  t 
add  to  tfa*  Bauid  ai 

locy  lor  UM  In  eon „  __.      . 

no  deeompodtion  of  eleetrodea  takes  place  and  a 

Bqptd  II  III  II  Hi  to  poaesas  a  creatsr  eurrsil-carTyiiu  ca 

Morill  in  Amtriean  EkcMfCian,  December.  l»iT, 


B  it  thoroiKhly  in  a 
liquid  rneoatats  i 
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SYMBOLS,    VNIT8,    INSTSUHBNT8. 


Water  and  DihiU  Stdphtarie  Aeid. 

Water  and  Common  Table  Salt 

Per  Gent  Aeid 

ResiBtanoe  in 

Percent 

Renstaneein 

by  Weight. 

Ohms. 

Salt 

Ohms. 

.174 

4.12 

by  Weight. 

.436 

1.76 

.23 

7.84 

.724 

1.10 

.40 

4.65 

.086 

.86 

.70 

3.12 

.03 

2.38 

1.16 

1.00 

1.30 

1.48 

Use  of  salt  solution  is  eheap  and  oonvenient,  but  very  untrustworthy 
for  accurate  work. 

For  the  sake  of  tonvenienoe  in  choosing  proper  sises  and  lengths  of 
iron  wire  for  submev]^ed  rheostats,  the  accompanying  table  is  given.  The 
safe  carrying  capacities  are  the  currents  the  wires  can  safely  stand  for  a 
continuous  nm.  If  the  apparatus  is  to  be  used  for  short  periods,  as  in  the 
case  of  a  starting  rheostat  for  a  large  motor,  these  values  may  be  doubled. 

Water  should  be  kept  circulating  throus^  the  barrel,  enough  water  being 
used  to  keep  the  temperature  below  200**  F. 


Properties  of  CtelvaBlaed  Iroa  IVlro.    For  •mbBtovged 


Wire 

Safe 

carrsring 

Capacity; 

Minimum  Length  in  Feet  for  Safe  carrying 

Num- 

1_^ 

Capacity  at  Different  Voltages. 

Feet  pw 
Ohm,  not. 

bers; 
Gauge. 

Amperes. 

100 

110 

220 

500 

20 

36 

22.8 

25 

50 

114 

8.5 

10 

42 

24.6 

27 

54 

123 

10.4 

18 

60 

26.4 

20 

58 

132 

13.5 

17 

60 

27.2 

30 

60 

136 

17.1 

16 

71 

20.0 

32 

64 

145 

21.5 

15 

88 

31.0 

34 

68 

155 

27.2 

14 

103 

32.7 

36 

72 

164 

34.2 

13 

122 

34.5 

38 

76 

173 

43.2 

12 

145 

36.4 

40 

80 

182 

54.3 

11 

173 

38.2 

42 

84 

101 

68.6 

10 

205 

41.0 

45 

00 

205 

86.5 

0 

245 

42.8 

47 

04 

214 

100.1 

8 

203 

46.0 

52 

103 

235 

137.6 

7 

347 

50.1 

55 

110 

250 

173.5 

6 

412 

53.1 

50 

117 

266 

210.0 

5 

480 

56.4 

62 

124 

282 

276.0 

4 

584 

50.5 

66 

131 

208 

348.0 

COMDeMaKRS. 


onduotoT*  rabibit 
ira  oD  be  «(«rted. 
■  en  E.M.™ 


iDaiilatiEig 


fint  but  iDBulstad  from  it,  it  will  be  found  thai  the  t 
ft  eapftaty  for  absorbinc  a  ohun  of  «leGCrieity  thai 
■one  to  tb*  fUlins  of  a  |»p«  witb  waKr  before  a  pre« 

The  ebwa  will  mnain  in  Ih*  oondudton  aftv  the  re 

cl  euppljr.     Iliii  capaoty  of  the  condnelon  to  hold  uodsr  a  _. 
ehaixe  of  eleotricdty  ia  Bovenied  by  tha  amouDt  of  eurface 

matariaJ,  and  by  tha  daiT««  of  ioauiatloD  (ixnB  each  othnr. 
mlnaii  of  a  hattsy  be  aoBaeet«d  throuch  a    baltary  ■ 
TanomaMr  la  a  lode  eubmarioe  oaUe  aon  Juetor  and  lo  tt 

found  that  a  rery  ooiuiderable  time  will  alapee  before  tht 

down  lo  a   cMady  point.     Tbu  ehowi  that  the  ubl*  innilation  hsa  been 

naataooa  of  a  cabl*   lo  aaauine  a  etani^uil    lencth   of   tlioe,   aeneratly 
three  punutea,  during  whioh  time  such  eLoctrifieatloa  ihall  take  place. 

A  amdcMer  b  an  artannment  of  loetaUis  plaiea  and  ingulatioo  so  made 
m  that  it  will  take  a  Handard  clucKe  of  electricity  at  a  certain  preoaure. 
The  tDttwy  mwtuKd  by  the  chai^  aaeiiu  to  be  aiored  up  in  tLe  insu- 
latim  hMwi  the  amductins  platea  m  the  form  of  a  etreee.     TblM  property 

t  tavati^,  and  the  loUowing  table  ^owe  the  BpeaOc  Indiutira 
ga  of  dillmot  tubitaocM. 


(From  Bmithnnian  Phydeal  Tablee.) 


■  Aaa  Toa  0°  C.  a 


Oarbon  dunlpiuda     ...... 

Ckrbon  dioode,  C0| 

Caibon  dioxido.  00| 

Chrhon  dioxide,  00) 

Carbon  monoxide,  CO  .... 
CkrboD  moDoxida.  CO  .... 
Coal  ■>■  (iUumtnatias)    .... 

Hjiliuaaa 

IfitmoB  oxidA  N^ 

ITitraiia  oxide,  NiO 

Solplitii  dioxide 

Bolphnr  dioxide 

Vaouom  5  mm.  iveaaura  .  .  . 
Vamum  OJXn  nun.  preaaure  about 


Avrlonan 

KUaencic 


AyrtoD  and  Perry. 
Ajrrton  and  Perry. 
KW«dc. 
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SYMBOLS,   UNITS,    INSTRUMENTS. 


•p«€lfl€  MAd«€tiv«  Cmpwusitf  of  Solids  (Air  IJmKj). 


Subfltanoe. 


GalcBpar  parallel  to  axis  .    .   , 
Oalospar  perpendicular  to  axis 

Oaoutohouc 

Oaoutehouo,  vulcaniKed 
Gelluvert,  hard  gray 
Celluvert,  hard  red    . 
Celluvert,  hard  black 
Celluvert,  soft  red 
Ebonite   . 
Ebonite   . 
Ebonite  . 
Ebonite   . 
Ebonite  . 
Ebonite  . 
Ebonite  . 

Fluor  spar 
Fluor  spar 

Glass  *  density  2;6  to 
Double  extra  dense 'flint,  den- 
sity 4.5 
Dense  flint,  density  3.06 
Light  flint,  density  3.20 
Very  light  flint,  density  2.87 
Hard  crown,  density  2.485 
Rate,  density 
Mirror 
Mirror 
Mirror 
Mirror 
Plate 
Rate 
Rate 

Quttaperoha 
Qypsum 

Mica 

Mica 
Mica 

Mica  .  . 
Pap^  dry 
Faramn  . 
Parafl^  . 
Paraffin  . 
Paraffin,  quickly  cooled  trans- 
lucent. 
Paraffin,  slowly  cooled  white  . 

Paraffin 

Paraffin 

Paraffin  fluid,  pasty 

Paraffiln,  solid 


Sp.  Ind.  Cap. 


7.5 

7.7 

2.12-2.34 

2.60-2.94 

1.19 

1.44 

1.89 

2.66 

2.08 

3.15-^.48 

2.21-2.76 

2.72 

2.56 

2.86 

1.9 

6.7 
6.8 
5-10 
9.90 

7.38 
6.70 
6.61 
6.96 
8.45 

5.8-6.34 

6.46-7.57 
6.88 

6.44-7.46 

3.31-4.12 
7.5 
6.10 

3.3-4.9 
6.33 
6.64 
8.00 
7.98 

5.66-^.97 
4.6 

1.25-1.75 
2.32 
1.98 
2.29 

1.68-1.92 

1.86-2.47 

2,18 
1.96-2.29 
1.98-2.08 
1.95 


Authority. 


Romich  and  Nowak. 

Romioh  and  Nowak. 

Schiller. 

SchUler. 

Elsas. 

Elsas. 

SSMOBmOm 

Elsas. 

Rosetti. 

Boltzmann. 

Schiller. 

Winkelmann. 

Wulhier. 

Elsas. 

Thomson  (from  Herts's  vi- 

•  brations). 
Romich  and  Nowak. 
Curie. 
Various. 
Hopkinson. 

Hopkinson. 

Hopkinson. 

Hopkinson. 

Hopkinson. 

Hopkinson. 

ScMUer. 

HHnkelmann. 

Donle. 

Elsas. 

Schiller. 

Romioh  and  Nowak. 

Wullner. 

Submarine  cable  data. 

Curie. 

Klemencic 

Curie, 

Bouty. 

Elsas. 

Romich  and  Nowak. 

Abbott. 

Boltzmann. 

Gibson  and  Barclay. 

Hopkinson. 

SohiUer.  t 

Schiller. 
Winkelmann. 
Donle,  Wullner. 
Axons  and  Rubens. 
Arons  and  Rubens. 


*  The  values  here  quoted  apply  when  the  duration  of  charge  lies  between 
0.25  and  0.00005  of  a  second.  J.  J.  Tliomson  has  obtained  the  value  2.7 
when  the  duration  of  the  charge  is  about  ^  X  10*  of  a  second;  and  this  is 
confirmed  by  Blondlot,  who  obtained  for  a  similar  duration  2.8. 

t  The  lower  values  wwe  obtained  by  electric  oscillations  of  duration  of 
charge  about  0.00006  second.  The  larger  values  were  obtained  when 
duration  of  oluuice  was  about  0.02  second. 


•pacUe  mmmaxMrm  Oapadtj  «r  ■•llda  (Air  Vmltj).  —  OmI. 


^uii.  slona  tt 

RoakMlt     . 
RockHlt     . 


{ 


■pecUa  iB^aMIr*  CapMsUy  sf  laqaMa, 


Aloobola: 

Amrl 

Ethyl   ...... 

HMKyl     .... 

Proprl      .... 

BaiMne  BTCnn  abo 
BoiiaeatS^.    . 


in  and  Arona;  Tflrflachiu- 


OOi: 

Anebid  . 

(Mb   .' 


lAodholt  and .  Jahn. 

VanouiT"'' 
Hopldnson. 


Petroknni  . 
Patrotnim  M 


XylPQ 


SYMBOLS,   UNIT3,   IKSTRUHSNTS. 


^LHLw  BIB  Hcparatcd  b 
denser  wfaea  its  plates 


paraffin  224,  □lokerite  ISO.  hx  a  iiaa^nl  inductivi  opacity  of  Z.6:  ondiied 
luueed  oil  90,  rosin  370,  Arkangd  pitdi  70,  liave  4.4;  Arknngel  iMtch  iUelf 
K..  K  o,  .  „:„....  ,^.{.  rr.iii-..   instead  of  rosin  —  for  example.  Gatlipot 
d  oil  130  —  ha>  4.8;  a  mixture  of  lu&i- 


Fliw.  »  and  30.     Standard  CondenHers. 

A«  the  iarad  is'ar  larger  thaji  evB  is  met  in  praclice,  the  practical  unit 

The  comnienual  eUndard  moil  in  use  is  the  J  micro-farad^  altboUEh 
kdjualable  oondmuiera  are  often  used,  arranged  lo  ft>  to  combine  into  nuuny 
nuora-faradi  or  [raclioni  of  the  name.  Fig.  20  shows  the  ordinary  )  micro- 
farad condenser,  sad  Fig,  30  one  that  is  adjustable  for  different  valuta. 

denier.     The  ordinary  commercial  condenaer  is  most  usually  made  up  of 

paraffined  p&per  or  mica.     Every  alternate  sheet  of  foil  : 


J  the  capacity  of  a  condenacr  dependi  upo 
sam  cL  me  roauucuits  to  each  other,  and  upon  the  area  of  th< 
flulatiuf  material  is  made  as  thin  as  possible,  and  slill  be  safe  from  leakavo 
'  puncture.     Many  sheets  of  foil  are  joined  together  as  de*crib«d  1o  make 
ft  the  area.     A  condensEr  of  1  mfd.  capacity  contains  about  3aOO  h|.  Id.  of 
□  foil.      In  adjustable  oondenser,  the  sheets  are  separated  iuto  bundlta. 


of  the  same,  th 
leakos 


CONDENSEBB. 


Fie.  ».   UodUed  Mumrt  El«ctroma(ar. 


uid  mmiis«d  » 

positive  side  or  or 


8TUB0LB,   UNITS,   INSTBUHBtlTS. 

bat  any  of  Ihem  ean  ba  pluned  in  or  out  lo  add  to  or 
ipacily.     IF  cona«t«d  in  rniDtipla  u  ahowD,  or  i[  tb* 

mi  are  thua  ndded  tjogether,  than  tba  twideiucn  are  ^d 
"cucade"  at-  in  Hriee.    Thu  ia  addom  done  uolcH  it  b« 

r.  —  Anolbsi  inatrumont  u««d  where  the  mouunraeat  of 
Don.  ia  the  eUctrvmettr.     A  type 

uaed  ia  the  quadrant  aleotram- 

debted  to  lord  Kelvin.  The 
m  a  thin,  Bat  piom  ol 
inn    ouapended    in    a 

EOMaJho  wire,  ID  oloae  prax- 
nuty  to  four  quadranta  o(  thin 
ahast  bra»,  that  an  aupportad 
on  msulatoia  without  touch- 
UK  each  other.  Oppoaite 
quadranta  are  oonneotad  by 
fine  wires.  A  charge  of  elee- 
tneity  la  fivni  the  nsedle  by 
eonnectuig  the  euapfnaion 
filanHBt   with  a   Laydeo   j«r 

If   Che   needle  be  ebaixed 
pofl]    Tflly  it  wi)]  ba  attracted 

by  a  negative  charce  and  re- 
pded   ^^  a   poeitive  cbarBe. 

farenoe  of  potentisl   between 

the  pa  ra   of   quadranta.    the 

Dcwlle  will  be  deflected  from 

The     luual 


ahown  in  Fi| 


Id  the  high  potentinl  — 
aluminiuiD  plate  iuapended 
extending  from  the  upper  pi 

On   atlier  aide  of   the  ui 


«]ly  01 


leedla, 


lallel 


M  the  other  ai 


quadrant  plates  metaUicallir  oonneoted  ar 
areuit  to  be  meaaured,  while  the  needja 
Any  electrii ~ 

lido--- 

n  be  hung 

voi.'cns-i-HBS. 


IF  of  electromo^Te  force,  eurrenta  will  Bow  through 
tnem  wmcri  are  oirectjy  proportional  to  the  impress^  vultagea.     A  poinT~ 
oonnected  to  the  moving  dement  mcme  over  a  a^le  which  is  empirioa. 
cradusted  to  ahow  ihe  unpmsed  voltage.     The  reelstaDoe  or  e< 


CONDBKSBBS.  41 

vDltmeten  in  ohms  varies  from  10  to  150  times  the  full  scale  reading  in 
volts;  thus,  a  voltmeter  of  Weston's  make  having  a  range  of  160  volts  may 
have  a  resistance  of  from  15000  to  325,000  ohms.  The  resistance  should  be 
woimd  non-inductively  and  of  a  wire  possessing  a  negligible  temx>erature 
coefficient.  The  controlling  or  directive  forces  to  bring  the  pointer  back  to 
sero  are  generally  obtained  from  q>ring8  or  gravity  and  occasionally  from 
masmets. 

There  are  several  types  of  voltmeters  in  commercial  use,  those  devel- 
oped  by  Edward  Weston  being  perhaps  the  best  known.  For  direct- 
corrent  measurements  in  either  switchboard  or  portable  forms  the  moving 
coil  type  constructed  on  the  genial  principle  ox  the  d' Arson val  galvanom- 
eter with  pivoted  coil  is  ukost  frequently  used.  They  can  be  constructed 
so  as  to  have  high  resistances  and  perfect  damping  and  are  but  little  affected 
b^  external  fields,  especially  if  shielded  with  iron  casing,  as  is  often  done 
with  switchboard  instruments. 

For  alternating-current  measurements  the  electromagnetic  or  soft  iron 
instrument  is  very  commonly  used  for  switdiboiuxi  wotk.  In  this  instru- 
ment a  mass  of  soft  iron  is  so  placed  in  a  solenoid  that  it  will  be  drawn 
from  the  center  to  the  edge  of  the  solenoid,  or  drawn  into  the  solenoid  from 
an  outside  point.  These  instruments  are  correct  only  for  the  particular 
frequency  for  which  they  were  calibrated  and  corrections  should  be  made 
for  any  change  of  frequency.  When  properly  calibrated  they  may  be  used 
on  direet<current  circuits. 

Portable  voltmeters  for  alternating-current  measurements  frequently 
employ  a  system  based  upon  the  electro-dvnamometer.  This  instrument 
has  the  advantage  of  being  independent  of  frequency  variations  or  wave 
form.  It  can  also  be  used  for  mrect-current  measurements  if  correction 
lor  external  fields  is  made. 

In  addition  to  the  above  types,  voltmeters  are  constructed  on  the  hot 
wire  principle  in  which  the  passage  of  the  current  causes  heating  and  a 
consequent  expansion  of  the  wire  through  which  it  passes.  The  expansion 
of  the  wire  is  taken  up  by  a  spring  which  causes  a  pointer  to  move  across  a 
graduated  scalfr 


The  scale  of  a  voltmeter  may  be  graduated  and  marked  so  as  to  indicate 
the  vahie  of  the  currents  passing  through  it  instead  of  the  volts  impressed 
upon  its  terminals.  It  will  then  be  an  ammeter.  To  be  of  value  its 
resistance  must  be  small,  llany  ammet«v  consist  of  moving-coil  milli- 
voltmeters  connected  to  the  terminals  of  shunts  through  which  the 
currents  to  be  measured  are  passed.  The  shunts  are  made  of  a  high  resist- 
ance low  temperature  eoemcient  alloy  and,  since  the  resistance  remains 
constant,  the  drop  in  potential  between  its  terminals  will  be  proportionate 
to  the  current  flowing  through  it.  The  scales  are  graduated  so  as  to  indi- 
cate the  currents  passing  through  the  shunto.  The  shunt  type  of  instru- 
ment is  particularly  applicable  to  switchboards,  but  is  adapted  for  direct- 
current  measurements  cmly. 

For  alternating-current  measurement  the  electromagnetic  system  is 
generally  employed,  the  total  current  to  be  measured  passing  through  a 
low-resistance  solenoid,  or  the  current  flowing  through  the  ammeter  may  be 
reduced  by  inserting  the  primary  of  a  series  transformer  in  the  main  circuit 
and  connecting  the  ammeter  across  the  terminals  of  the  secondary.  Since 
the  ratio  of  current  in  the  primary  to  that  in  the  secondary  is  constant,  the 
ammeter  may  be  calibrated  in  terms  of  the  primary,  but  need  have  only  the 
small  secondary  current  flowing  through  it. 


Hmtt  IrOB'Iastirtnn«miB.  —  If  a  piece  of  soft  iron  be  placed  in  a  mag- 
netic field  it  becomes  itself  magnetic.  This  fact  is  utilised  in  the  so-called 
'*soft  iron"  instruments  in  which  the  movable  system  consists  of  a  soft 
iron  needle  pivoted  within  a  coil  and  normally  placed  oblique  to  the  direc- 
tions of  its  magnetic  Add.  When  a  current  passes  through  the  coil  the 
needle  tends  to  assume  a  position  parallel  to  the  lines  of  force,  and  being 
eontrolled  by  a  spring  or  other  controlling  force,  the  deflection  is  a  measure 
of  the  current  passing.  .  .    . .        ,         t. 

This  type  of  instrument  is  used  to  some  extent  for  switchboard  work, 
bat  cannot  be  used  in  measurements  where  great  accuracy  is  required  on 
aeeouttt  of  magnetic  lag  in  the  iron, 


,    INBTBUMBHTS- 
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D  oonitruetcd  that  than  aluill 


KsItIb's  C«Hp*alte  KIsctrtc  1 

Hiu  [nttrumsot  it  employed  to  ■ 
•OBuMriaoo  of  iiutmnicata  (or  tH  ' 
lor  diiMt-oamot  work  it  bu  b< 
■■       ■  ■    »tOTV  atai-     ■    ■ 


'■  Siudu'd  Compoite  Bali 

Above  ii  a  cut  □[  ihe  imtrummt  in  iu  latat  form,  aad  the  diacram  (ol- 
lowiua  flhowi  the  theory  on  which  the  iuBtnimeDt  worka- 

Id  Dolh  out  and  diagram  the  eame  letten  indi^tA  the  same  part«:  « 
aod  b  arfl  two  ooila  of  nLk-covered  copper  vire  placed  one  above  the  other 
ai  shown  with  their  planes  hoHiobtal.  and  the  whole  beinil  moiintiid  on 
a  ilab  of  elate  wbioh  ia  lupported  on  levelioff  screwi. 

Two  ooils  c  mud  if,  of  mniiler  wire,  aie  made  in  rings  that  nn  •ecuird  1o  the 
enda  of  a  halaoee  beam  B,  which  La  nupended  at  its  center  by  two  flat  liga- 

When  for  uae  with  direct  currvuta  two  other  ooilSp  p  and  h,  made  of 
•trip  copper,  and  of  eroaa  aectioa  heevy  enough  to  carrv  large  curranCt,  my 
SOD  amperea,  are  aeeured  to  the  baae  ^ate  at  (he  left  in  the  same  relative 

of  two  or  tliree  turns  of  a  stranded  oopper  oonduot  tFT,  each  wire  of  which  is 
'■—'-*—' :  and.  to  as  far  as  possible  acnul  the  rffectsofiDductioo,  (he  strand 
is  C*«n  one  turn  or  Iwint  for  each  (um  amund  the  ooil. 

The  otnla  e  and  d  of  (he  balance  are  suspended  equidistant  between  the 
i^ht  aod  left  pairs  of  coiti  wiih  planes  parallel  to  ihsir  planea  and  centers 
nncldinc  with  their  canters. 

ToBM  thi  Batatia.  —  Level  the  icatruiDciit  with  the  adjustable  legs,  turn 
the  (tm  eeraws  back  out  of  contact  with  the  cross  trunnions  and  front  plale 
of  ths  bewn,  leaving  il  free. 

To  Vm  at  YoOmittr  or  Cmtvamvtrt  Mettr.  ~  Connect  the  instrument  to 
the  mnmit  or  source  of  E.U.F.lbiough  a  non-inducl  ive  reeiatance  R,  as  ahown 

minal  to  Ti;  throw  the  switch  H  to  the  righHo  the  "volt"  rontacl. 

One  of  the  weights  e  tr, ,  n  vi.  ■  ia.  ia  then  uoed  on  the  scale  beam,  nnd  a 
It  balance  obtained.    The  current  flowing  in  I  be  instrument  is  (henoalou- 
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lated  by  a  oompaiison  of  the  soAle-reading  with  the  oertifioate  BeoonnMBying 
the  instrument.  The  volts  E.M.F.  at  the  terminals  are  oaloulated  m>m  the 
current  flowing  and  the  resistance  in  circuit,  including  the  non-inductive 
resistance  used,  by  Ohm's  law,  o  =  7/2. 

To  Vw  as  Heki<hamj^er€  Meter.  —  Turn  the  switch  H  to**  watts,"  insert 
the  thick  wire  coils  in  circuit  with  the  current  in  such  a  way  that  the  right- 
hand  end  of  the  beam  rises.    Use  the  *'  sledge  "  alone  or  the  weight  minced 

tV.  117. 

Terminals  B  and  ^t  V9  then  introduced  into  the  drouit,  and  a  measured 
current  passed  through  the  suspended  coils  a  and  h  ;  and  the  constants  given 
in  the  certificate  for  the  balance  used  in  this  way  are  calculated  on  the  as- 
sumption that  this  current  is  .25  ampere.  Any  other  current  may  be  used, 
sayjr  ampere,  then  the  constant  becomes  I  •¥•  .26  or  4  /. 

The  current  flowing  in  the  suspended  coils  g  and  h  may  be  measured  by 
the  instrument  itself,  arranged  for  the  measurement  of  volts.  To  do  this, 
first  meastire  the  current  produced  by  the  i4>plied  E.M.F.  through  the  ooils 
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Fig.  86*      Diagram  of  the  Kelvin  Composite  Balance. 


of  the  instrument  and  the  external  resistance,  then  turn  the  switch  H  to 
"  watt,"  and  introduce  into  the  circuit  a  resistance  equal  to  that  of  the  fixed 
coils. 

To  Uao  as  a  WaUmeUr,  —  Insert  the  thick  wire  coils  in  the  main  circuit; 
then  join  one  end  of  the  non-inductive  resistance  R  to  one  terminal  of  the 
fine  wire  coils,  and  the  other  end  of  A  to  one  of  the  leads  ;  the  other  termi- 
nal of  the  fine  wire  coils  is  connected  to  the  other  lead.  The  current  flowing 
and  the  E.M.F.  may  now  be  determined  by  the  methods  described  above. 
The  watts  can  then  be  calculated  from  the  E.M.F.  of  the  leads,  and  the 
current  flowing  in  the  thick  wire  coils  by  the  formula, 

P,=  F/  =  »  IR, 

Where   i  =  current  in  the  suspended  coil  circuit. 
/  =  current  in  the  thick  wire  coils. 
R  =  resistance  in  the  circuit. 

When  working  with  alternating  currents  the  non-inductive  resistance  R 
must  be  large  enough  to  prevent  any  difference  of  phase  of  the  current 
flowing  in  the  fibae  wire  coils  and  the  E.M.F.  of  the  circuit. 
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In  its  mmpleii  form  the  potentiometer  may  be  repreeented  by  the  dia- 
gram. Fig.  37. 

A  B  is  a  resistance  in  which  a  constant  current  from  the  battery  W  is 
maintained.  The  regulating  resistance  R  is  used  to  compensate  for  varia- 
tions in  the  E.M.F.  or  internal  resistance  of  the  battery  W,  The  con- 
stancy of  the  current  in  A  fi  is  oheclced  by  seeing  that  the  drop  in  poten- 
tial between  two  points  chosen  in  it  is  equal  to  the  E.M.F.  of  a  standard 
cell.  The  standanl  cell  is  introduced  into  the  circuit  M.  E.  HI/  at  B,  and 
the  regulating  resistance  R  adjusted  until  the  sensitive  ^Ivanometer  O 
shows  no  deflection.  Assuming  A  B  to  have  a  uniform  resistance  through- 
out its  length,  and  the  current  in  it  to  remain  constant,  it  is  obvious  that 
any  other  voltage  not  greater  than  the  drop  between  A  and  B  can  be 
measured  by  introducing  it  at  E  and  shifting  the  points  MM'  until  the 
galvanometer  again  comes  to  a  balance.  Further,  a  direct  reading  scale 
may  be  placed  Mtween  A  and  B.    For 

most    potentiometer   work    the    drop  i iL 

between  A  and  B  is  made  about  1.5  (ill 

volts,  as  this  is  about  the  E.M.F.  of        /wvnaa/»^aaaaa/    w 

a  standard  Clark  oeU.    That  the  instru-      J    m        Ml 

ment   may  have  a    wide  range  and     ^      ♦  T" 

make  measurements  to  a  ^  sufficiently 
high  degree  of  accuracy,  it  is  neces- 
sary that  it  be  possible  to  sub-divide 


E 


o- 


t 
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this  resistance,  so  as  to  read  voltage  tN^^   97 

to  at  least   the  fifth  decimal  place.  '"'*  ^'' 

Since  the  current  must  be  k^t  constant  the  total  resistance  in  the  eirouit 

must  not  be  varied  by  raising  the  resistance  between  M  and  M'. 

11  ■■y.  —  To  meet  general  laboratory  requirements  the  potentiometer 
must  noeasure  directly  as  high  as  1.5  volts  so  that  all  kinds  of  standard 
cells  may  be  compared  with  each  other;  and  it  must  measure  as  low  as 
jOOOOI  volt  so  that  reasonably  low  resistance  standards  may  be  used  in 
measuring  current.  An  example  will  make  this  point  clear.  .  To  measure 
1000  amperes  the  current  must  flow  through  a  standard  low  resistanoe 
and  the  drop  in  E.M.F.  across  its  terminals  be  measured  on  the  potentiom- 
eter. With  a  potentiometer  reading  only  to  .0001  volt  the  drop  across 
the  low  resistanoe  must  be  at  least  .1  volt  in  order  that  it  may  be  read  to 
an  accuracy  of  ^%.  If  1000  amperes  is  the  maximiun  current  to  be  used 
cm  the  particular  low  resistance  it  should  be  so  designed  as  to  give  proper 
readings  with  a  minimum  current  at  least  as  low  as  100  amperes.  100 
amperes  must  consequently  give  a  drop  of  .1  volt,  which  fixes  the  reeistanceat 
.001  ohm.  .001  ohm  to  carr;y  1000  amperes  must  be  able  to  dissipate  1000 
watts,  and  in  order  to  remam  a  standard  it  must  do  this  without  heating 
enough  to  vary  the  resistance  outside  of  small  limits.  With  a  potentiometer 
leading  to  .00001  volt  the  same  range  of  current  can  be  handled  on  a  resist- 
ance of  .0001  ohm  and  can  be  measured  to  the  same  degree  of  accuracy. 
To  carry  1000  amperes  it  will  only  have  to  dissipate  100  watts.  To  maxntam 
the  same  degree  of  accuracy  while  a  current  in  flowing  it  can  consequently 
be  made  of  a  very  much  smaller  sise  and  with  -x^the  radiating  surface. 

fll«th«^  •r  Vsisg'  tke  MamdAvA  C«ll.  —  The  standard  cell  is 
used  to  measure  the  current  flowing  through  the  pot-entiometer,  which  is 
dime  by  making  the  drop  in  E.M.F.  across  aknown  resistance  in  the  circuit 
equnl  to  that  of  the  standard  cell. 

1st  Method.  —  The  standard  cell  may  be  used  as  indicated  in  Fig.  38. 
The  galvanometer  is  permanently  in  circuit  with  the  points  MM\  and  by 
means  of  the  double-throw  switch  XJ  the  standard  ceO  S,  or  an  unknown 
JLMJB.  B,  may  be  thrown  into  the  same  circuit.  If  the  resistanoe  A  B  la 
provided  with  a  scale  by  means  of  which  it  is  sub-divided  into,  for  example, 
15,000  eoiukl  parts,  the  points  MM'  may  be  set  to  a  reading  corresponding 
to  the  E.M.F.  of  the  standard  cell  and  the  current  from  the  oatterv 
W  regulated  by  the  resistance  R  until  there  is  a  balance,  the  standard  cell 
betns  in  eireuit  with  the  galvanometer  and  points  MM\  There  will  then 
be  suAh  a  current  flowing  that  for  any  other  position  of  the  points  MM\ 
producing  a  balance  with  the  unknown  E.M.F.  in  circuit,  the  reading  from 
the  scale  will  be  direct  in  volts.  This  method  is  open  to  the  objection  that 
it  requires  a  resetting  of  the  points  MM'  to  make  a  cheek  measurement 
of   tn«  current  flowing.    In  making  accurate  measurements  these  check 
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meMuremenU  have  to  be  made  frequently  and  are  espedally  inconvenient 
by  this  method  when  the  points  MM*  are  multiplied  from  two  to  four  or 
five  as  they  generally  are. 

2d  Method.  —  A  method  of  measurioc  and  checking  the  currents  which 
avoids  this  objection  is  shown  in  Fig.  39.  It  is  not  necessary  that  the  re- 
sistanoe  which  furnishes  the  drop,  against  which  the  E.M J*,  ox  the  standard 
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i 
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Fxo.  38. 


Fio.  80. 


eell  is  balanced,  be  between  the  points  A  B,  which  limit  the  motion  of  MM\ 
If  placed  at  R»  and  proiierly  chosen  with  reference  to  the  E.M.F.  of  the 
standard  cell  and  the  resistance  of  the  wire  A  B,  the  current  which  pro- 
duces a  drop  across  it  equal  to  the  E.M.F.  of  the  standard  cell  will  make 
the  scale  of  A  B  direct  reading  in  volts.  In  this  case  the  double-throw 
switch  is  arranged  so  as  to  thxow  the  galvanometer  either  into  the  circuit 
containing  the  standard  cell  and  the  resistance  R»,  or  into  the  circuit  con- 
taining the  points  MM*  and  the  unknown  E.M.F.  This  method  is,  how- 
ever, open  to  a  serious  objection  from  the  standpoint  of  accuracy,  which 


second  method   if   the  roeiststooe  «•  were  A%  high   the   current    flpwmg 
through  the  potentiometer  would  be  M  lower  than  it  ^ould  be.     If  now 

the  resistances  of  A  B  were  ^%  low  this 
would  introduce  a  second  error  of  the 
same  amount  in  the  same  direction 
and  the  resulting  error  in  measurement 
would  be  A%.  In  other  words  the 
measurement  accurac]^  throughout  the 
range  of  the  potentiometer  may  be 
only  half  so  good  as  the  adjustment 
accuracy.  In  the  first  method,  since 
the  standard  cell  EJC.F.  and  the  un- 
known E.M.F.  are  balanced  against 
the  drop  across  the  same  resistances 
in  measuring  an  E.M.F.  nearly  equal 
to  that  of  the  standard  cell,  inaccura- 
cies in  the  resistance  are  the  same  in 
both  cases  and  balance  each  other, 
measurements    are    bound    to    be    more 

In   a   potentiometer 


Fia.  40. 


Consequently  by  this  method 
accurate   than  the  adjustment  of   the   resistances. 

arranged  to  be  used  with  a  Clark  ceil  using  the  first  method  of  applying 
the  standard  cell  and  with  resistances  adjusted  to  A%  it  can  be  shown  by 
calculation  that  the  maximum  error  in  measurement  will  vary  with  the 
value  of  the  E.M.F.  under  measurement.  For  E.M.F.  of  IJS  volts  t^iis 
error  will  be  less  than  .003%.  For  KM.F.  of  1.2  volts  it  will  be  about  .01%. 
For  E.M.F.  of  .8  volts  it  will  be  about  .02%.  For  E.M.F.  of  .3  to  .1  volts 
it  will  be  .04%.  and  in  no  case  will  be  larger  than  this.  To  sum  up  the  con- 
trast in  accuracy  between  the  two  methods:  in  the  second  the  errors  may 
be  twice  as  great  as  the  adiustmoit  errors  throughout  the  range,  while  in 
the  first  method  they  only  become  this  larse  for  .3  volt  and  imder,  and  for 
higher  voltages  have  increasing  accuracy  becoming  equal  to  that  of  the 
adjustment  at  .8  volts  and  much  better  as  they  approach  the  E.M.F.  of 
the  standard  cell;  at  exactly  the  E.M.F.  of  the  standard  cell  the  accuracy 
of  comparison  becomes  independent  of  the  accuracy  of  adjustment  of  the 
rasistanoe. 


P0TBtITI01IXTC&. 


n  Um  (iJTiinoiHteT  in 


minilg  of  thii  naiatum  an  louod,  not 
permuiantJyfiiEd,  Bud  tb>  double- ihroir 
OM  oirouit  0[  tha  other  h  dairad. 


While  tlia  pDloDtiomeUr  it  very  Bcounte.  it  ii  ilow  in  working 
— d  only  with  Meady  cutrent  or  volU«a.     The  difleotioD  potanii 

-  d  by  U.  B.  BiDoJu  e(  the  Natioiul  Bunau  ol  SuuiiUnk,  oombuie*  in 
«y  and  rslinbility  of  the  null  potentiometer  with  the 
ii  [UKUble  dedactloo  lunnuneaM.    It  (~~  '  ' 


Flo,  ICa.    The  BTOokM"  DeBection  Potcntlomatw. 

tentioraeter  hftriac  a  ttivoted  maving-ooil  islvsnometer  vith 
cils.  The  defleotioa  ol  the  aJvinometer  livee  the  lut  fev  fliun* 
,  which  nre  read  ttora  the  riide  «im  in  Kinie  forma  o(  potsattotHler. 

e  followed.  The  deflectkiD  potealiometer  la  inten3ed  u  a 
nC  lor  oentnl  ataiioii^  iiutrunieiil  and  meter  (actoriea.  and 
iring  aocuimey  combined  with  speed. 


of  the  Model  1  potenliametar,  whioh  haa 
•ata  of  current  and  TolCage  in  laboratoriea 

WEHHe  n^uircnwDU  incjuua  a  naaDDable  decne  of  accuracy  combiDed   with 

•pea)  of  woitinc. 
The  malndiBrhaa  SOateia  of  Ii  ohm>  each.     In  srtini  with  ii  bn  nnil  n(  I.Nn 

otama  BSd  •  aundantoaU  dial  of  10  itcpa  of  0.01 

Cable  unialunted  atandard  ocll  only  ie  used; 
twi>-lhird*  (100  ohnu)  of  the  mam  dial,  nliin 
•.~i._i-~ii  rii.l      Thua  it  a  prnalbli 


I   I.OiaO  lo  t.DIM  v> 


This 


I  of  vari 


,  .,„, ^,  with  thoapeci- 

ScBtioa  tbM  tbay  rtiall  fall  viihin  tbu  nnie.  and  within  eererai  unita  ot  the 
lover  and  of  the  dial,  to  provide  for  the  aliaht  daereuB  of  E.M.P.  b    ' 


i 


1  each.  The  W«ao 
baUnoed  anjund  the 
:.Sa-ohm  coil  and  the 
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■t  M.  «i.  .  .  .110  the  vsJi 
The  ^^vuomaler  key  baa 


) 


Plu  ol  Orouii,  Model  I  Broolu'  Deaeetloa  P( 


mtaUnea  la  the  volt  bai  dikIih  up  tb 

nalatuioe  uwuiired  betveen  the  biodi       _ 

whea  the  oiroulAr  pliu  rhenCat  uau  tnne  poete 

St,  >Dd  ii  ha  (hu  thii  bymmouDls  of  0.1.  0.2. 
;  u  pluad  hi  ■uacBHinn  tomrd  the  left.  Thb  kUoin  the  (otU  n 
to  be  k^  100  tifam*  when  (Mine  ihuau  of  th*  viUuei  Jun  livtn.  the  n 
of  the  ihuBt  beinc  ooualed  io  the  lol*L 


I  ASD  MBTHOiM  FOB  DETEmnnra* 
AXIOir   or    ITAVE    FOHH   Of    ccbheux    asd 
SK-BOVBonoravB  voMcn. 


bboimtair  enwrinnnw  ootmiioiily  makioc  use  of  the  Inllistle  iilvuioaigter. 
Of  (he  wnpl*  melbodi  lued  in  ehop  piutiee.  R.  D.  Menhim,  ConmlEinc 
Eofineet.  hu  upliKl  tha  lalcpfaone  (o  an  old  belliitJa  method  hi  aueh  ■ 
muuier  M  to  muo  it  quite  Bocunto  uid  readily  applied. 
H«r>fe*B'B  {Meth*d.  —  The  follawlnc  cut  Aon     ' 


joted  with  a  condeeef 
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The  pranure  of  tb«  eztemal  currant  is  than  varied  until  thero  u 
BO  sound  in  the  telephone,  when  the  praasurae  are  equal  and  can  be  read 


fatun 


A.C  TtMUMlS 


mMJOm     V 

the  voltmetOT.  The  oontaot- 
...__  beinc  lerolved  by  aucoeaBive 
ate^  pointa  may  be  detennined  for  an 
entire  eyole.  __ 

ItaBCwa'a  Method.  —  Where  it 
is  deairable  to  make  aimultaneous  de- 
tennihations  it  will  ordinarily  require 
several  oontactrmakerB,  as  well  as  full 
sets  of  inatrumenta.  Dr.  Louis  Dun- 
can haa  deviaed  a  method  b^  which  one 
oontaet-maker  in  oonnection  with  a 
dynamometer  for  eaeh  curve  will  en- 
aUe  all  readings  to  be  taken  at  once. 
The  following  eut  ahows  the  connec- 
tions. Thefixed  coils  of  all  the  dy- 
HMs<iinfitarn    are    connected    to    their 

xjPective  drcuita,  and  the  fine  wire  ...  .    .  , 

movable  coila  of  about  1,000  ohms  each  pio*  41.  Mershon's  method  of  de- 
are  connected  in  series  with  a  contact  termining  Waye  Form, 
maker  and  small  storage  battery.    The  .  .     .       « 
contact-maker  ia  made  to  revtdve  in  ss^ehronism  with  the  alternating  current 
source.    Now,  if  alternating  currents  from  the  different  sources  are  passed 
thmngh  the  fixed  coils,  and  at  intervals  of  the  same  frequency  current  from 
^^                                   the  battery  is  passed  through  the  movable  cous, 

the  deflection  or  impulse  will  be  in  proportion 
to  the  instantaneous  value  of  the  currents 
flowing  in  the  fixed  coils,  and  the  deflections  or 
the  movable  coils  will  take  permanent  position 
indicating  that  value,  if  the  contact-maker  and 
sources  of  alternating  current  are  revolved  in 
unison. 

The  dynamometers  are  calibrated  first  by 
puiwing  continuous  currents  of  known  value 
throuSi  the  fixed  coils,  while  the  re^fular  in- 
terrupted current  from  the  battery  is  being 
passed  throuf^  the  movable  coils. 

]ivaB*a  iRIetliod.  —  Prof.  Harris  J.  Ryan, 
of  Ldand  Stanford  University,  desired  a  special 
electrometer  for  use  in  connection  with  a  very  fine 
aeries  of  transformer  tests.  This  instrument  will 
be  found  described  and  illustrated  in  the  chapter 
on  deecription  of  instruments. 
The  method  of  "«tig  it  is  shown  in  the  eut  below,  in  which  the  oontact- 
sker  ahown  is  made  to  revolve  in  synchronism  with  the  source  of  alter- 
nating current.  The  terminals  d  di,  of  the  indicatmg  instruments  can  be 
ocmnected  to  any  one  of  the  three  sets 
of  terminals,  a  ai,  b  6i,  e  Ci. 

The  terminals,  a  Oi,  are  for  reading 
the  instantaneous  vuue  of  the  pn- 
maiy  impreased  E.M.F.;  b  6i,  the 
aune  value  of  the  current  flowing 
through  the  amaU  non-inductive  re- 
sastanoe,  R;  and  c  ci  the  same  value 
of  the  secondary  impressed  E.M.F.: 
the  seoondaiy  current  being  read 
from  the  ammeter  shown.  Of  course 
if  the  oontact-maker  be  cut  out,  then 

all  the  above  valuea  will  be  V  mean*.       Fia.  43.     Prof.  Rsran's  Method  of 

obtaining  Curves  of  Wave  Form 
MMMa  Cvrre  Tracer.  for  studying  Transformers. 

This  instrument  consists  of  a  hard- 
rubber  cylinder  upon  which  is  wound  a  aii^le  layer  of  bare  wire.    A  con- 
stant carrait  from  a  small  storage  battery  is  sent  through  this  coil  causing 


'9M.4X  Duncan's  method 
of  determining  curves 
of  several  eireiuts  at  the 
same  time. 
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Flo.  44.     Rosa  Carve  TVaeer. 


a  uniform  drop  of  potential  between  its  ends.  (See  Diagrun,  Fig.  44.)  A 
voltmeter  connected  between  the  terminals  indicates  the  drop,  and  the  re- 
sistance R  in  series  with  the  battenr  serves  to  regulate  this  drop.  The 
current  to  be  plotted  passes  through  the  non-inductive  resistance  A  Bund  the 
problem  is  to  measure  the  tostantaneous  values  of  the  drop  between  these  two 
points  at  successive  instants  tiiroughout  the  perk>d  of  a  wave.     The  point  B 

is  joined  to  the  middle  point  Q  of  the 
apiral  wire  Af  AT.  il  is  joined  throufl^ 
the  revolving  oontaot-maker  CAf  to  a 
sliding  contact  P. 

The  contact-maker  is  joined  to  the 
shaft  of  the  alternator,  or  is  at  least 
driven  in  synchronism  with  it;  then 
every  time  the  contact  is  completed  at 
any  particular  phase  of  the  wave,  the 
current  has  the  same  value  and  the  gal- 
vanometer will  show  a  deflection.  If 
the  sliding  contact  P  be  adjusted  so  Aat 
the  galvanometer  shows  no  deflectira, 
then  the  potential  difference  between  the 
points  P  and  Q  is  the  same  as  that 
between  the  points  A  and  B.  This  value 
is  proportional  to  the  distance  P  Q,  and  is  positive  on  one  side  and  negative 
on  the  other  side  of  Q. 

For  making  the  record,  a  eylinder  is  arranged  opposite  the  potentiom- 
eter wire  and  slider,  upon  which  the  paper  for  the  reooiti  is  wound.  A  tripping 
point  is  attached  to  the  slider  in  such  manner  that  when  the  galvanometer 
.  has  been  brought  to  sero  by  the  adjustment  of  the  resistance  R,  the  pointer  is 
tripped  and  a  point  impreeeed  on  the  record  paper  through  a  t3T>ewriter  rib- 
bon,{and  at  the  same  time  the  record  cylinder  is  advanced  a  notch  or  aeries 
of  them  as  may  be  required,  ready  for  the  next  record.  By  this  means  the 
plotting  of  a  curve  of  current  or  potential  takes  but  a  few  seconds. 

^^HClllograpli.  —  This  form  of  instrument  devised  by  Blondel  and  othen 
is  much  used  for  the  analysis  of  wave  forms  of  current  and  electromotive 
force,  and  for  the  study  of  potentials  and  other  properties  of  altematora  or 
other  forms  of  dynamos  and  motors.  It  is  extremely  sensitive  and  will  detect 
and  show  either  on  a  screen  or  a  photograph,  the  most  minute  variations  in 
current  and  potential.  The  Blondel  type  described  below  will  serve  to  show 
all  the  principles  of  the  instrument.  Duddell  has  somewhat  improved  upon 
this  one,  and  the  Qeneral  Electric  Co,  has  designed  another  that  is  especially 
adapted  to  worksh^  practice. 

The  engraving;  (Fig.  45)  shows  the  general  appearance  of  the  oscillograph. 
The  apparatus  is  mounted  in  a  box  (Fig.  40)  with  an  arc  lamp  at  one  end. 
Above  IS  a  groimd-i^aas  screen  upon  which  the  wave  forms  are  traced  by 
a  spot  of  light.  The  magnet  is  mounted  on  the  left  in  an  inverted  position. 
It  IS. a  permanent  magnet  and  made  up  of  six  horseshoe  pieces.  Between 
the  poles  are  placed  two  similar  sets  of  vibrating  bands,  separated  by  an  iron 
bridge-piece  which  renders  each  one  an  independent  unit.  In  this  way  two 
wave  forms  can  be  taken  at  once,  such  as  the  electromotive  force  and  current, 
and  are  seen  on  the  screen  in  their  relative  positions. 

The  arrangement  of  mounting  will  be  seen  in  Fig.  47;  the  band  is  a  veiy 
fine  and  narrow  strip  of  soft  iron  about  one  thirty-eecond  of  an  inch  wide 
and  one  five-hundredth  of  an  inch  thick.  This  band  is  held  in  a  mov- 
able support  in  a  vertical  position  between  the  poles  of  the  magnet.  It 
is  stretched  on  the  support  between  two  ivory  bridge-pieces  and  is  attached 
at  a  to  a  sliding  piece  which  moves  in  a  rectangular  groove.  The  idider  car- 
ries a  rod  n  above,  which  passes  to  the  top  and  has  a  nut  S  on  the  end.  Be- 
low <S  is  a  spring  contained  in  a  tube,  so  that  by  turtiing  the  nut  the  band 
stretches  more  or  less  between  the  bridges.  The  band  carries  a  small, 
mirror  m  in  the  center.  The  mirror  support  is  mounted  in  an  oil  box  T 
of  ivory,  which  fits  into  place  between  the  magnet  poles  and  can  be  turned 
about  by  the  collar  D.  At  P  are  two  iron  pieoes  inserted  in  the  cylinder 
which  serve  to  concentrate  the  field;  at  L  is  a  lens  placed  in  front  of  the 
mirror.  In  this  way  the  soft  iron  piece  vibrates  without  the  use  of  pivots 
or  suspension.  Each  horisontal  element  of  the  band  acts  like  a  small  mag- 
net, and  the  deflections  produced  by  the  coils  accumulate  from  the  eztrenu- 
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54b  symbols,  units,  instrxtments. 

nte  &om  top  to  bottom,  and  during  the  next  period  it  must  be  able  to  rataia 

so  as  to  continue  the  movement  (as  will  be 
^  c  noticed    on    the    photograph    two    complete 

'  '  waves  are  thrown  on  the  screen).    This  it 

carried  out  by  the  profile  of  the  cam  whidi  is 
such  that  the  mirror  has  a  uniform  move- 
ment during  two  cycles  of  tiie  wave,  and  the 
next  cyde  is  occupied  by  the  return  of  the 
mirror  (during  this  time  an  dectricaUy  oper- 
Fio.  50.  ated  shutter  placed  at  P  cuts  off  the  liffbt), 

so  that  the  eye  perceives  only  a  continuous 
trace  of  the  wave.  To  observe  phenomena  whioh  are  not  penodio  the  motor 
is  replaced  by  a  pendulum  device. 


MEASUREMENTS. 

BSYXSED  BY  W.  N.  GOODWIK,  Jb.,  AND  PAOF.  SAMUEL  SHKLDOK. 


Ohai's  IiAvr  ii  the  fundamental  law  of  electrical  circuit*  and  is  exprened 
in  the  following  equations. 

/=- 
R 

E  =  IR 

«=f 

where  /  =  Current  strencth  in  amparei, 

R  =  Resictaaoe  in  ohms, 
E  ^  Electromotive  Force  in  voItAi 
The  oonduetanoe  of  a  conductor  is  the  reciprocal  of  its  resistance,  and 
the  unit  is  ealled  a  mho^  so  that  Ohm's  law  may  be  stated  as  follows: 

I-BO 
where  O  =  conductanoe  in  mho9. 

Mvltlple  Gtrevftts.  —  The  conductanoe  of  any  number  of  circuits  in 
parallel  is  equal  to  the  sum  of  the  conductances  of  the  individual  circuits, 
which  is,  as  stated  above,  the  reciprocal  of  their  resistances.    The  oombinea 
resistanoe  then  is  the  reciprocal  of  the  conductance  thus  found. 
Thus  in  Fig.  1,  if  r  and  ri  be  two  resistances^  in 

parallel,  the  combined  resistanoe  =:  -z ^  =  — i — • 

The  joint  resistanoe  of  any  number  of  resistances 
in  panillel  as  c^  b,  c,  and  d  is  = — z — = — • 

1+1+1+3  +  *^ 

i^arrmmt  la  m  Hvltlple  CKvcMit  is  divided  Fio.  1. 

anw>ng  the  separate  circuits  in  direct  proportion  to 
their  respeetrve  conductances,  or  inversely  as  their  resistances. 

In  Fig.  2,  the  total  resistance  of  circuit 


'i  total  current 


and     »  = 


£ri 


Rr  +  Rn -\- rn 


Rr  +  Rri  +  rri 


»i  = 


Er 


Rr  +  iJri  +  m 


ftvr*  —  If  in  any  circuit  a  number  of  currents  meet  at  a  point, 
the  sum  of  thoae  flowing  toward  that  point  is  equal  to  the  sum  of  those 
flowing  away  from  it. 

^  J[*«w. —  In  anv  closed  circuit,  the  ahrebraic  • 


.^w,.^ In  any  closed  oircuit,  the  algebraic 

sum  of  the  products  formed  by  multiplsong  the  re- 
sistanoe of  each  part  by  the  current  passing  throuij^h 
it  is  eMQual  to  the  sum  of  the  electromotive  forces  m 
the  cireuit. 

By  means  of  these  laws,  the  current  in  any  part  of 
an  intricate  system  of  conductors  can  be  foimd  if  the 
reostanoes  of  the  different  parts  and  the  electromotive 
forces  are  given. 

Thus  in  Fig.  8,  according  to  the  first  law  t  =  «i  +  ^ 
and  from  the  second  law  t=ii  + 12  and  from  the  seoona 
law  S=i^rt  and  itrg  =  t'lrt.  Fio.  3. 

From  these  thrise  formuls,  the  three  unknown  currents  can  be  deduced 
thm  same  method  can  be  applied  to  more  complex  circuits. 
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BvJbaMtmU^m  fll«tk«d.  —  This  is  the  aimplest  metluxl  of  meuiirinc 
raristaaoe.    The  reeistanoe  to  be  meaaured  ia  inaerted  in  aeriea  with  a 

Salvanometer  and  some  oonatant  source  of  current,  and  the  jtalvanometer 
efleotion  noted;  then  a  known  adjustable  resistance  is  substituted  for  th» 
unknown  and  adjusted  until  the  same  deflection  is  acain  obtained.  Then 
this  value  of  the  adjustable  resistance  is  equal  to  toat  of  the  resistance 
to  be  measured.  , 

IMIfereatial  CtelTaM«aaet«r  Mm$Mio&. — In  galvanometers  having 
two  coils  wound  side  by  side,  separate  currents  sent  through  them  in  opposite 
directions  exert  a  differential  action  on  the  movable  system.  In  a  differ- 
ential galvanometer  the  two  coils  are  equal  in  their  magnetic  action  on 
the  movable  system  for  equal  currents,  so  that  equal  currents  sent  through 
them  in  opposite  directions  will  not  deflect  the  needle.  If  the  currents 
are  unequal,  then  the  deflection  is  a  measure  of  their  difference.  This 
form  of  galvanometer  may  be  used  to  measure  resistanoe  by  inserting  the 
unknown  resistance  in  circuit  with  one  coil  of  the  galvanometer  and  a 
known  adjustable  resistance  with  the  other,  both  circuits  b«n^  connected 
in  multiple.  Hien  when  the  resistance  is  adjusted  until  no  aefleotion  is 
produced  the  resistances  in  the  two  circuits  are  equal. 

The  method  is  often  used  in  the  comparison  of  the  conductivity  of  wira, 
and  where  rapid  measurements  not  requiring  great  accuracy  are  desired. 

iy  fkmmtutmmm'm  Brl^ife.  —  For  accurate  measurements  of  resistance 
the  Wheatstone  Bridge  method  is  almost  univeFsall^  used;  Fig.  4  is  a  dia- 

Eun  of  the  connections  m  which  a,  b,  and  R  are 
own  resistances  and  x  the  unknown  resis- 
tance to  be  measured.  O  is  the  galvanometer, 
and  B  IS  a  battery  of  sevenU  cells,  the  number 
.4  of  which  may  be  varied  according  to  the  value 
of  the  resistanoe  x.  B  is  adjusted  until  there 
IS  no  deflection  of  the  galvanometer  needle  when 
both  keys  are  dosed. 

The  battery  key  should  always  be  closed  be- 
fore the  galvanometer  kev  \b  d^ressed  or  there 
will  be  a  ^*  kick  *'  in  the  galvanometer  due  to  the 
Pio^  4^  self  inductance  or  capacity  of  the  circuit  under 

vest* 

When  a  balance  is  established  §  =-,  or  z=R  -• 

__  .  R      a  a 

The  resistances  a  and  h  are,  in  practice,  made  even  multiples  of  10,  so 
that  X  can  be  read  directly  from  B,  the  proper  number  of  figures  being 
pomted  off  decimally. 

If  a  ==6  the  value  of  x  is  the  same  as  B.  If  x  be  greater  than  the 
P^ty  of  R,  or  low  in  comparison  to  it,  then  a  and  o  must  be  so  ch( 
that  their  ratio  respectively  multiplies  or  divides  B. 

For  example,  let        a=10      )  |l  tnnn 

b=  1000  {then  «  =  2  .  B=^^X  248  =  24,800. 
B  =  243     )  a  10 

The  ratio  of  a  to  b  being  100.  any  reading  as  B  is  multiplied  by  100,  or 
let 

a  =1000  )  10 

6=  10      J  then  x  =  t~:  X  243  -  2.48. 

B  =  243    )  1000 

The  ratio  of  a  to  b  being  t)b.  any  reading  as  B  should  be  divided  by  100. 

A  oonmiercial  form  of  Wheatstone  Bridge  of  the  Weston  Model  is  shown 
diagramxnatically  in  Fig.  6.  This  type,  called  the  "plug  in"  type,  or  some 
modification  of  it,  is  most  oommonlv  used.  It  has  the  advantage  over  the 
**  plug  out  "  type  in  that  fewer  pfuss  are  required,  there  being  but  one 
plug  needed  for  each  decade;  this  reduces  the  plug  error  to  a  minimum. 


BESIBTASCE   UEA8CBEHSITT8. 
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■lide  wire  until  the  detector  by  silence  indicates  a  balanoe,  when  the  reeult 
is  read  directly;  in  ohms.  In  some  of  the  instruments  the  battery  is  equipped 
with  a  small  induction  coil  which  provides  alternating  oiu'rent.  In  this 
form  the  instrument  is  useful  for  measiuing  electrolytic  resistance  and 
other  resistances  containing  electromotive  forces  that  may  be  developed 
by  the  presence  of  current  therein,  and  by  the  use  of  a  suitable  condenser 
in  place  of  the  known  resistance,  capacities  can  be  compared. 

DlreeMona  for  17ee  of  0ac«  IMrect  Mmmdin^  OluMaaotor. — 
To  MeoBwre  Reautanee.  Connect  the  terminals  of  the  drcmt  to  be  measured 
to  the  posts,  A  and  D.  Place  the  telephone  receiver  to  the  ear  and  dose 
the  battery  key,  X,  located  in  the  receiver.  Hold  the  stylus,  S,  in  the 
hand  in  the  same  manner  as  a  pencil,  and  with  it  touch  the  straight  wires 
along  their  entire  length  until  a  point  is  reached  where  g«itly  tapping  the 
stylus  on  the  wire  produces  no  sound  in  the  telephone.  'Hie  resistance 
soufl^ht  is  then  that  indicated  by  the  scale  under  that  point  of  the  wire. 
During  these  readings  the  plug,  P.  must  be  in  one  of  the  sockets  at  the 
right-hand  end  of  the  rubbtt*  cross-bar.  When  in  the  socket  marked  "red  " 
the  scale  numerals  printed  in  red  should  be  used.  When  in  the  socket 
marked  "blue"  the  blue  numbers  should  be  read,  etc. 
MMo-TTire  BrMgro*  —  A  very  convenient  form  of  bridge  for  ordinary 

use  where  extreme  accuracy  is  not  de- 
manded is  the  slide-wire  bridge,  shown  in 
Fig.  8.  It  consists  of  a  wire  1  meter  Ions 
and  about  1.6  mm.  diameter  stretehea 
parallel  with  a  meter  scale  divided  into 
millimeters.  A  contact  key  b  so  arranged 
as  to  be  moved  along  the  wire  so  that 
contact  with  it  can  be  made  at  any 
point. 

A  known  resistance  R  is  eonneeted  as 
shown;  z  is  the  unknown  resistance;  the 
p^Q,  8.  galvanometer  and  the  batterv  are  con- 

nected as  shown  in  the  figure;  after  closing 
the  key  ^  the  contact  3  is  then  moved 
along  the  wire  untU  the  galvanometer  needle  returns  to  sero; 


then  again; 
and 


a  :h  ::R  :x, 
hR 


x=r 


Caroy«9'4Mt«r  KotHod.  —  For  the  very  precise  comparison  of 
nearly  equal  resistances  of  from  1  to  100  ohms  this  method  yields  exquisite 
results.  In  Fig.  9,  Si  and  8%  represent  the  two 
nearly  equal  resistances  to  be  compared,  and  Rt, 
As  represent  nearl  v  equal  resistances,  which,  for 
best  results,  should  not  differ  much  in  magnitude 
from  «S»|  and  S^  Si  and  8a  are  connected  by  a 
slide  wire  whose  resistance  per  unit  length  p  is 
known.  The  battery  and  galvanometer  are  con- 
nected as  in  the  diagram.  A  balance  is  obtained 
by  moving  the  contact  c  alon^  the  stretched  wire. 
Suppose  the  length  of  the  wire  on  the  left-hand 
side  to  the  point  of  contact  to  be  a  units.  Theo 
exchange  Si  and  S^  for  each  other  without  alter- 
ing ansr  other  connections  in  the  circuit.  Upon 
producing  a  new  balance,  let  at  be  the  length  of 
wire  to  the  left  of  the  contact. 


FiQ^  9.    Carey-Foster 
Bridge. 


Then 


5i  =  5,  +  (o-ai)p. 


^Mdal  commutators  are  upon  the  market  which  have  for  their  purpose 
the  easy  exchange  of  Si  and  <$«. 

To  avoid  thermal  effects,  which  are  quite  considerable  with  resistances 
made  of  some  materials,  the  battery  should  be  oommutated  for  each  podtion 
of  the  resistances  to  be  compared.  The  readings  for  the  two  balances  ao- 
oompanjring  the  battery  commutation  should  be  averaged. 
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KelTlm's       ]»o«l»le 

M  r  1  d  r  ••  —  If  a  Wheatatone 
bridge  be  used  to  compare  re- 
UBtanoes  hayuu  a  value  much 
leas  than  one  ohm,  the  terminal 
and  contact  resistances  produce 
a  considerable  error  in  tlM  re- 
sults. In  conductors  having 
such  low  resistance,  the  value 
of  the  resistance  pven  or  to 
be  measured  is  considered  as  ly* 
ing  between  two  definite  points. 
In  standard  resistances  these 
points  are  connected  to  two  ter- 
minals called  potoitial  terminals. 

Kelvin  has  designed  a  modified  form  of  Wheatstone  bridge  in  which  the 
above-mentioned  errors  are  eliminated.  The  method  is  shown  dia^rammati- 
eally  in  Fig.  10.  in  which  R  and  x,  the  resistances  to  be  compared,  he  between 
S  and  iSTi  on  one  and  between  T  and  Ti  of  the  other,  and  are  oonneeted 
together  at  y;  n  and  o  are  aiixiliary  resistances  also  adjustable.  A  galva- 
nometer is  connected  through  a  key,  as  shown,  to  two  points,  one  at  the 
junction  of  n  and  o;  the  other  at  the  jimction  of  a  and  o.  If  n  and  o  be 
so  adjusted  that  nioi:  Bi  x,  and  a  and  h  be  adjusted  so  that  the  galvano- 
meter is  balanced,  then 

a  :h  :  :  R  :  x, 


Fia.  10.    Kelvin's  Double  Bridge. 


or 


«  =  ■ 


hR 


In  practice,  n  and  o  may  be  changed  during  the  adjustment  of  o  and  b 
so  as  to  maintain  the  ratio  of  n  to  o  the  same  as  that  of  a  to  bj  either  by 
changing  n  and  o,  on  standard  rheostats,  or  by  opening  the  circuit  at  y 
and  adjusting  n  and  o,  as  in  a  regular  bridge,  for  a  balance  after  each  trial 
value  of  a  and  6;  then  when  a  oalance  is  obtained  in  the  nlvanometer 
with  cirouit  at  y  both  open  and  closed  the  above  equation  holds  good. 

AaotHor  IHetliod  Vor  C^asparlsoM  of  SiOW  moalatwac«fl.~ 
For  comparing  the  resistances  of  ammeter  shunts,  etc.,  with  standard  side 
terminal  reastanees  of  the  Reiohsanstalt 
form,  the  method  of  Sheldon  yields 
TOT  accurate  results.  The  unknown 
resistance  x.  Fig.  11,  which  may  be  aa- 
sum€)d  to  be  supplied  with  branch  po- 
tential points  a  0,  la  connected  bv  heavy 
conductors  in  series  with  a  stanaard  re- 
s^tance  R^  haying  potential  points  e  d. 
From  the  two  free  terminals  T  T^  of 
these  resistances  are  shunted  two  10,000 
ohm  roiiatance  boxes  S  P,  adjusted  to 
the  same  normal  temperature,  and 
wound  with  wire  of  the  same  or  negli- 
gable  temperature  coefficient,  and  con- 
nected in  series.    From  the  point  of 

connection  e,  between  the  two  boxes,  connection  is  made  to  one  terminal  of 
the  galvanometer  a,  the  other  terminal  being  connected  aucceaaively  with 
the  potential  pointa  a,  6,  e,  and  d.  At  the  outaet  all  the  plugs  are  removed 
from  the  box  S,  and  all  are  In  place  in  the  box  P,  After  oonneeting  T  and 
T^  with  a  source  of  heavy  current,  pluss  are  tranaf  erred  from  one  box  to  the 
correaponding  holee  In  the  other  box  (this  keeps  the  total'  resiatanoe  in  the 
two  boxea  constant)  nntO  no  deflection  Is  observed  in  the  galvanometer. 
This  <»eration  is  repeated  for  each  of  the  potential  points  a,  6,  c,  and  d.  Bep- 
resentang  the  resistances  in  the  box  S  on  tiie  occasion  of  each  of  these  bai- 
ancea  by  <S«,  8h^  &,  and  Sd  reapeotively,  we  have  the  following  expreaaion 
for  the  value  of  the  unknown  reaiatance : 

Sm—8t„ 

'  =  57:^55^ 


Fig.  11.    Preciae  Meaaurement. 
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NoTB.  —  Mr.  E.  P.  Northrup  gives  the  following  formula  a«  handy  in 
determining  the  percentage  conductivity  of  metal  wires.  This  conductivity 
IS  generally  expressed  as  a  certain  per.  cent  conductivity  of  Matthiessen's 
standard.  To  determine  the  conductivity,  a  resistance  £  of  a  sample  is 
usually  determined  at  a  temperature  20^  C  and  of  a  length  L  From  this 
measurement  the  per  cent  conductivity  may  be  expressed  as  follows: 

P^ceat...  .ond»cavit,  =  ^^^|iL|yOO_. 

where         I  =:  lenf^th  in  centimeters,  W  =  weight  in  grama, 

JSso  =  resistance  in  ohms  at  20°  C,        d  =  specific  gravity. 

When  a  second  galvanometer  is  available,  by  far  the  most  simple  and  sat- 
isfactory method  Ib  to  measure  the  resistance  of  tiie  galvanometer  by  any 
of  the  ordinary  Wheatstone's  bridge  methods.  Take  the  temperature  at 
the  same  time,  and,  if  the  instrument  has  a  delicate  system,  remove  the 
needle  and  suspension. 
Half  I^llectiOM  Hetliod. —Connect  the  galvanometer  in  series  with 

a  resistance  r  and  battery  as  in  the  following  figure. 
f  Note  the  defiection  d ;  then  increase  r  so  that  the  new 

/^T*"^^^^^^^^^        defiection  d^  will  be  ono-half  the  first,  or  ^  =  dj ;  call 

\r  "^  the  new  resistance  r. ;  then 

'  ^  Resistance  of  Galvanometer  =  r*—  2r. 

Fia  12.  ^'  ^^®  instrument  be  a  tangent  galvanometer,  then 

d  and  dj  should  represent  the  tangents  of  Uie  dofiec- 
tions. 
K«lvtM'a    Kctltod.  —  Connect  the  galvano- 
meter, as  «  In  a  Wheatstone's  bridge,  as  in  Fig.  13.  f%, 
Adjust  r  until  the  defiection  of   &  is  the  same,           5*-       ,. 
whether  the  key  is  closed  or  open.                                  -^^  '  " 

a 

The  result  is  Independent  of  the  resistance  of  the 
battery.  The  battery  should  be  connected  from  the 
Junction  of  the  two  highest  resistances  to  that  of 
the  two  lowest.  Fia.  18. 


MSflMTAMGK   OV   JBATVKRI3M. 

CoMdesaer  Metliod. — For  this  test  is  needed  a  condenser  C,  a  ballistio 
galvanometer  (7,  a  double  contact  key  Jkj,  a  resistance  R, 
of  about  the  same  magnitude  as  the  supposed  resistance 
of  the  battery  B,  and  a  single  contact  key  kf.  Connect  as 
in  the  following  figui"®*  With  the  key  k^  open,  press  the 
key  Jfci,  and  observe  the  throw  0i  in  the  galvanometer. 
Then,  after  the  needle  has  come  to  rest,  with  key  k^ 
dosed,  repeat  the  operation  observing  the  throw  B^ 
Then  the  resistance  of  the  battery 


x=zR 


e. 


I^ell«otlo«  nCetliod.— Connect  the 

battery  B  In  circuit  with  a  galvanometer  O  and  a  resist- 
ance r  as  in  Fig.  15.  Note  the  defiection  d.  and  then  in- 
crease rtoTi  and  note  the  smaller  defiection  d. ;  then,  if  the  defiectlons  of 

the  galvanometer  be  proportional  to  the  currents, 


Fio.  16. 


then 


a  —  Oj 
such  that   di  =  ^  , 

B  =r,  — (2r+CJ'>. 
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The  E Jf  J.  of  the  battery  is  snppoeed  to  remain  unaltered  during  the 
meaenrement. 

H«Mce*a  HEcttiod.  —  Connect  the  battery  as  x 
In  Wheatstone's  bridge  w  in  Fig.  16.  Adjust  r  until 
the  deflection  of  6  la  the  same  whether  the  key  be 
closed  or  open. 

Then  ^—r-* 

a 

The  galTanometer  should  be  placed  between  the 

sUt  -   -         - 


junction  of  the  two  highest  resistances  and  that  of 
the  two  lowest. 


Fio.  16. 


Wtm^Utummm  mf  Mmttmrr  wlitle  IVorktMS**  —  Connect  the  battery  B 
with  a  resistance  r,  and  also  In  parallel  with  a  condenser  C,  ffalvanometer 
O,  and  key  k ;  shunt  the  battery  through  a  with  key  ik|,  as  in  Fig.  17. 

Close  the  Key  k,  and  note  the  deflection  d  of 

the  galvanometer,  keeping  k  closed,  close  ki  and 
note  du  the  deflection  in  the  opposite  direction. 
Then  the  battery  resistance 


B  =  9 


*         r 
d,» 


If  r  be  large,  the  term  —  is  negligible,  and 
Bz=.» 


d—di* 
I  Wing  the  multiplying  power  of  the  shunt. 

ITovlcaliop  ]n.etlio«l,  Appltcial»le  mm  well  to  DjBanaoa.— With 
dynaino  or  battery  on  open  circuit,  t«ke  the  voltage  across  the  terminals 
with  a  voltmeter,  and  call  it  d ;  take  another  reading  <f .  at  the  same  points 
with  the  battery  or  dynamo  working  on  a  known  rMlstance  r :  then  the  In- 


ternal resistance 


n= 


d  —  <f| 


d. 


r. 


In  the  case  of  storage  batteries,  if  the  current  /  be  read  from  an  inserted 
ammeter  when  charging,  the  resistance  of  the  battery  is 

__d  —  di 


■ad  when  discharging 


B  = 


(UiTAlfCB    OJT    AjBmAK.    X.M1VBA    OR    HOCftB 

CKRC1TMTA. 


». — When  the  circuit  has  metallic  return,  it  is 
,  measured  by  any  of  the  Wheatstone's  bridge  methods,  or,  if  the  circuit 
eondiu^tor  can  be  supplied  with  current  through  an  ammeter,  then  the  fall 

of  potential  across  the  ends  of  the  con- 
ductor will  give  a  measure  of  the  resistance 
by  ohms  law,  viz., 

_    ,  ^  drop  in  volts 

Besistance=:  — =- ^ — . 

current 

If  the  drouit  has  earth  return  as  in  tele- 
graph and  some  telephone  circuits,  then 
place  far  end  of  the  line  to  earth,  and  con- 
nect with  bridge  as  in  Fig.  18. 

Then  the  total  resistance  x  of  the  line  and 


£<uth' 


Fm.  18. 


earth,  is 


b 
a 


If  a  seoond  line  be  available,  the  reslstsnce  of  the  first  line  can  be  deter- 
mined separated  from  that  of  earth,  as  well  as  the  resistance  of  earth. 
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Let 


r  =  renjtanoe  of  first  line, 
n  =  renatance  of  second  line, 
r%  =  resistance  of  earth. 


First  connect  the  far  end  of  r  and  r^  toi^ther,  and  get  the  total  resistance 
R;  connect  r  and  r^  and  measure  the  resistance  R^  connect  r^  and  ry,  and 
get  total  resistance  Rp,    Then  if 

"  2 

n=iT—Ru 
rt  =  r  —  /J. 

lids  test  is  particularly  applicable  to  finding  the  resistance  of  trolley 
wires,  feeders,  and  track. 

For  other  methods  for  resistance  measurements  see  imder  "Tests  with 
Voltmeter." 


Of  B«ttorl4M.  —  This  can  usually  be  measured  closely  enough  for  all' 
practical  purposes  by  a  high  class  low-4-eading  voltmeter  (see  Tests  with  a 
Voltmeter). 

Wheatet^Me'a  Meili«d«  —  Connect  the  cell  or  battery  to  be  compared 
in  drouit  with  a  galvanometer  and  high  resistance  r,  and  note  the  oefleo- 

tion  d;  then  add  another  high  resistance 


0 


t 


n  (about  equal  to  r),  and  note  the  de- 
flection d  1.     Next,  connect  the  cell  with 


which  the  first  is  to  be  compared  in  cir- 
cuit with  the  galvanometer,  and  connect 
in  resistance  until  the  galvanometer 
deflection  is  the  same  as  d;  then  add 
further  resistance  R  until  the  galvano- 
meter deflection  is  the  same  as  Oi;  then, 
if  e  equals  the  E.M.F.  of  the  first  cell, 
and  S  equals  the  E.M.F.  of  the  cell  with 
which  it  IS  compared, 

and  £  =  ^. 

n 

Or,  the  electromotive  forces  are  pro- 

Sortional   to  the  respective  resistance 
eflection  the  same  amount. 
lLmmuiA%m*»  HEetli«d.  —  The  two  cells  Ei  and  £•  to  be  compared  are 
arranged  as  shown  in  Fig.  10.    Ri  and  R^  are  adjustable  resistances  which 
are  laige  as  compared  with  the  resistances  of  the  cells.     Ri  and  R^  are 
changed  until  the  deflection  in  the  galvanometer  is  reduced  to  aero. 


Fio.  10. 


Then 


5i  _  Ri 
Bt"  Rt' 


If  greater  accuracy  be  required  than  that  obtained  by  the  above  methods, 
some  potentiometer  method  may  be  used, 
in  whieh  Uiecell  to  be  measured  is  compared 
directly  with  a  standard  cell. 

I^rd  M«/l«irli's  CoaspeaMtlMi 
Htttliod*  —  In  the  following  diagram  let 
R  and  Ri  be  two  10,000-ohm  rheostats.  B 
be  the  battecy  of  larger  E.M.F.  than  either 
of  the  cells  to  be  compared,  Bi  be  one  of  the 
cells  under  test,  O  be  a  sensitive  galvano- 


meter, BR  be  a  high  resistance  to  proteot 
the  standard  cell,  and  Jb  be  a  key.  Obtain 
a  balance,  so  that  the  galvanoineter  shows 
no  defleetion  on  ofeaing  the  key  k,  by  tran*> 


Fio.  20. 


HBASTTBIKa    CAPACITY. 
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ferring  Ksbtanoe  from  one  box  to  the  other,  htant  eareful  to  keep  the  sum 
of  the  resiBtAnoes  in  the  boxee  equal  to  10,000  ohms.  Observe  the  resistance 
in  R  ana  call  it  iSi.  Repeat  with  the  other  cell  B^,  and  call  the  resistanoe 
B^    Then  the  E.M.F.'s  of  the  two  cells 

^i:  St  -  Ki:  ilf 

NoTB. — Special  bosces  are  on  the  market  which  automatically  change  the 
reswtances  £  and  Ri,  maintaining  the  sum  of  the  resistances  constant,  the 
Talue  of  the  resistanoe  being  reaadirectly  from  the  d)als. 

IMvect  Wimmikimg  PotCMtloaaetor.  —  There  are  many  forms  of  po- 
tentiometers aTailable,  which  are  used  in  connection  with  a  standard  cell, 
and  on  which  the  potential  difference  to  be  measured  is  read  directly  from 
the  switeh  dials  of  the  instrument  when  it  is  balanced  as  shown  by  a  gal- 
vanometM'.  Such  potentiometers  generally  read  to  1.5  volts.  To  meas- 
ure higher  voltages  than  this  a  voU  box  must  be  used,  which  is  simply  a 
high  resistanoe,  across  which  the  voltage  to  be  measured  is  connected. 
Connections  are  brought  out  from  the  resistance  so  as  to  include  a  known 
portion  of  it,  having  such  a  value  that  the  potential  difference  across  it 
win  be  less  than  1.5  volts.  This  is  then  measured  on  the  potentiometer, 
and  the  value  found  multiplied  by  the  constant  of  the  volt  box. 

Heaamreaaemt  of  Carrent  l»j  PoteMtloaaeter.  —  The  current  to 
be  measured  is  passed  through  a  standard  low  resistance,  say,  .01  or  .001 
ohm,  and  the  oifferenoe  of  potential  across  its  potential  terminals  meas- 
ured by  means  of  a  potentiometer.    Then  the  current  is  by  Ohm's  law 

'       R 

wher«  B  is  the  differeaee  of  potential  as  measured,  and  R  the  resistanoe 
of  the  standard. 


I  J  J  I 


MKAAURIirCl   CAPACITY. 

it  of  CoBdenaera.    Mm  Parallel.  —  Join  like  poles 

of  the  several  condensers  together  as 
in  the  figure ;  then,  the  loint  capacity 
of  the  set  is  equal  to  toe  sum  of  the 
several  capacities. 

Total  capacity  =z  c  -\- c, -^  e„ -^  e^,^. 

Condeaaera  ta  S«nc 


i«a. 


the  unlike  poles  as  if  connecting  up 

"  s 
ty 
reciprocal  of  the  sum  of  the  reciprocals  of  the  several  oapaciu< 


FlQ.  21. 


poles 
battery  cells  In  series  as  in  Fig.  2^ 
then  the  Joint  capacity  of  all  is 


the 


les. 


Capacity  C= 


w- 


+^ 


Caipaclty  by  ]»tr«ict  IMacbargre.  ~     I 

Charge  a  standard  oondenaer,  Fig.  23jC»  by     . 
a  battery  B  for  a  certain  time,  say  30  see- 
onds ;  then  discharge  it  through  a  ballistic 
galvanometer  0 ;  note  the  throw  d. 

Next  charge  the  condenser  to  be  measured, 
Q,  by  the  same  battery  and  for  thesaroe  length  of  time,  and  ^charge  this 
£  '         '    '  '  -  -     -  - 


FlO.  22. 


through  the  same  galvanometer  noting  the  throw  c^ ; 
Then  d :  C| ::  d  :  d^. 


FI0.9S. 


Ci=C 


For  Kelvin's  and  Gott's  methods  see  pages  336-337, "  Gable 
Testing." 
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JBrMtape  Hetlio«l.  — For  comparing  the  capacities  of  two  condeiiseiib 
Ct  and.  Ct  which  are  approximately  the  same,  connect  aa  in  Fig.  24  throngli 
two  rather  high  indnctfonless  reeistancee 
R^  and  R^  to  the  key  k  which  makes  and  c  Rt 

hreaks  contacts  at  each  end.  ^  is  a  bat-  fC=>-_»— -wvs/v— i 
tery.  A  galyanometer  is  inserted  between 
the  ends  of  the  condensers  where  they 
join  the  resistances.  Adjust  the  resist- 
ances so  that  no  deflection  results  when 
the  key  is  manipulate^. 


■-=1         I  >AAAA/^ — '  :^     I" 


Then  C=G^.  Fio.  24. 


of  PotoMtlal  HetHod.  —  The  capacity  of  a  condenser  may  be 

determined  by  the  following  formula: 


C  = 


2.303  Rlog- 

€ 


where  C  is  the  electrostatic  capacity,  in  microfarads,  of  a  condenser,  the 
potential  of  whose  charge  falls  from  S  to  e  when  it  is  discharged  during  t 
seconds  through  a  resistance  of  R  megohms. 

If  C  is  the  known  and  R  the  unknown  quantity,  then 


JJ  = 


2.303  A;  k)g^ 


In  measuring  the  insulation  resistance  of  a  short  cable  by^  this  method,  the 
discharge  deflection  E,  compared  with  the  discharge  deflection  obtained  with 
the  same  battery  from  a  standard  condenser,  would  give  the  value  of  k. 
For  long  cables,  however,  this  does  not  give  correct  results,  and  the  oa- 
paoity  must  be  determined  by  other  methods. 

HLSOTROMACnf  JKnC  IMDlTCTIOir. 

Xaw  of  KMdaotlOM.  —  When  the  manietic  induction  or  flux  inter- 
linked with  an  electrical  circuit  is  changed  in  any  manner,  an  electro* 
motive  force  is  induced  in  that  circuit  which  is  proportional  in  amount  to 
the  rate  of  change  of  the  flux,  and  acts  in  a  direction  which  would,  by 
produdng  a  current,  tend  to  oppose  that  change. 

flonnboooaUy  expressed  the  mduced  electromotive  foroe  in  volts  is 

where  ^  is  the  magnetic  flux  through  the  circuit,  n  the  number  of  turns 
ol  wirsL  and  t  the  time. 

SeJf-mduoed  electromotive  forces  are  those  induced  in  a  circuit  by  change 
in  the  current  in  the  circuit  itself. 

Coefldomt  of  ••lf*lBd«ctlon. — The  practical  unit  of  self-induction 
is  the  henry,  and  is  equal  to  10^  absolute  units. 

The  self-induction  m  Astirys  of  any  coil  or  circuit  is  equal  numerically  to 
the  electromotive  force  in  volts  induced  by  a  current  in  it  changing  at  the 
rata  of  one  anqMre  per  second.  Thus  the  eleotromotive  force  in  volts  pro- 
duced in  a  circuit  by  a  varying  current  is 

-      r* 

where  L  is  the  sdf-induction  in  henryt  and  %  the  current  in  anqMree. 
If  ^  ^  n,  ^  represent  the  flux  turns  in  the  circuit, 

then  ^  =  Li  X  10*. 

Foi  examplei.  if  a  ooil  have  150  turns  of  wire,  carrying  a  current  of  two 
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unpores,  produdng  200.000  lines  of  foroe,  or  200  kilognngwin  through  it, 
the  flux  turns  equal  200.000  X  150  =:  30,000,000,  and  the  aetf-induotion  i« 
therefore 

r—   *i    -       30.000.000       _   ,., 

^  -  iM  -  2  X  io6.ooo.ooo  -  '^^  ^^^' 

If  the  current  of  2  amperes  die  out  uniformly  in  one  second,  then  the 
electromotiTe  foroe  induoed  is 

»  • 

«  =  Z.^=.16  X2  =  .30Tolt. 
-  at 


G«««iclttMt  of  •elf-IaAaeMoa  of  a 


•olOMOlA. 


L=: 


4  irnnM 
10» 


when  the  permeability  is  unity. 
Where  a  =  total  number  of  turns  of  wire. 

n^  =  number  of  turns  per  centimeter  length, 

A  =  area  of  cross  section  of  solenoid. 
For  magnetic  substances  the  above  equation  must  be  multiplied  by  ^.  the 
permeamlity  of  the  medium. 


■somte  of  The  Gooflctomt  of  KiadacMoa. 


pAriaoA  witti  KMOwm  Cmpmmity 


The  ooeflkient  of  self- 


Fio.26w 


Fio.  26. 


induction  may  be  determined  by  means  of  a  Wheatstone  bridge  ae  follows: 
Let  A  and  B,  in  Fi^.  25,  be  the  bridge  ratio  arms.  Rt  the  adjustable  rheostat. 
Oonnfwt.  the  circmt  to  be  meaaured  ae  RL  in  series  with  a  variable 
noB-induetive  reeietance  r  and  ft  a  portion  of  which  r*  is  shunted  by  a 
standard  condenser  of  capacity  C.  Tirst  balante  the  bridge  for  steady 
carranta  by  adjusting  Rj^,  that  is.  when  the  key  K  is  closed  continuously. 
Then  alter  the  proportion  of  non-inductive  resistance  ti,  shunting  the 
eondeneer  untO  no  deflection  occurs  in  the  galvanometer  when  the  key  K 
m  open  and  closed.    Then  the  self-inductanoe 

L=:Crt*. 


.MriaoM  wttli  Kjiowm  •olf-lMdactamco.  —  Arrange  in  fonn 
of  bridge  as  shown  in  Fig.  26,  L  being  the  unknown  and  Li  the  standard  self- 
inductance.  Adjustable  non-inductive  resistances  are  connected  in  series 
with  Uieno.  Gall  the  resistances  in  each  arm  R  and  Ru  A  and  B  are  non- 
inductive  reststanoes.  First  adjust  to  a  balance  for  steadv  currents  by 
*****aT"lf  R  *i^  ''^1*  ^l^on  adjust  A  and  B  until  no  throw  of  the  galvano- 
meter ia  obeerved  when  the  galvanometer  key  is  dosed  before  closing  the 
battery  key.    Then  R  and  Rt  must  be  again  adjusted  for  steady  currents. 


KBASUBEMeHTS. 


; 


'  botb  *t*Ady  and 

Th«.  'l^ 

If    £, 


-. Ayrton  ud 

(Hf^dueti-Hi  (fen  F«.  37),  tlUB 
tha  bridca  csui  bs  bslkaoad  lu  the 
iwukr  vky  for  attady  eumnt. 

vuyinctbe  Mlf-ioduetioo  Muiit- 


1  Its  illiutntion 


ctntTie  (pharioKl  nirfuaa,th 


o  fmkI  in  milUhcoiTi  on 
nnd  in  dagrsM  on  tha 

A^mUlihou 


of  Ulacutios  or  nradly  iotajTuptad   dir „.    _ 

■hown  in  Fie.  28.     Tlie  put  at  u  n  slide  wire  vitb  taleplii 
JC;  the  Balf-induDtui«a  u  va"   *-  '"  *..«..— *-j  -_  :-  .l-  — 


ifiation  of  tha  above,  whidi 
H  i^iliciter  ILad  more  practiol.  ia 
by  unng  ■  talaphoaa  in  place  of 
tna  sBlTBoomatcr,  and  a  Buroa 
tor  the  batt«ry,  u 


For  lUi  teat  ti  needed 

It  nlUnatar,  a  dtraot 
in  Fis.  30. 

h  for  ahor.  — 

quaoey  n  ia  ao  ftnuued  t] 

batMry  b*  fubMltutad^tbanfor. 

With  the  eonneBtiana  a*  in  Fig.  20,  cloae  the  i 
with  the  TDltmet«  from  -  •-  ■■  — '  "--  •■ —  '- 
the  A.  C.  dynamo,  and  o 


,«  drop  from  a  to  C  ia  the  lanie  *■  with  the 
lurementa  bnnfl  made  with  the  ^me  voH- 

,    Call  tha  drop  aaroM  R,  from  a  to  X  with 
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ritematins  curr^it.  E,  and  the  sams  with  oontinuous  current,  Bu  and  the 
reading  of  the  ammeter  with  the  latter,  /. 


Tlieii 


L- 


\^Ei  -  Ex^ 


2nnl 

If  the  resistance  R|  be  known,  and  the  ammeter  be  suitable  for  use  with 

am 


Fio.  29. 
attemating  ctirrents,  the  switch  and  non-inductive  resistanoe  may  be  dis- 

\/  W2 R  ^I  ^ 

pensed  with.     We  then  have  L  — *   *  •  where  1%  is  the  value  of  the 

alternating  current. 

Note.  —  The  resistance  of  the  voltmeter  must  be  high  enough  to  render 
its  current  negligible  as  compared  with  that  through  the  resistance  fit. 

Ke«e«reaaeMt  of  Matiial  KadactaMee. 

Connect  the  two  coils  whose  mutual   inductance  is  to  be  determined, 
fint  in  series  and  then  in  opposition  to  each  other.     The  Belf-4nduotion  of 
each  combination  is  then  measured  by  any  suitable  method. 
Let  M  —  'the  mutual  inductance  between 
the  two  coils. 
L  —  the  sdif-inductanoe  of  one  coil. 
Li  —  the  sdf-induetance  of  the  other 

coil. 
Li,  -«  the  self-inductance  of  both  ooils 

in  series. 
Lm  "-  the  self -inductance  of  both  coils 
in  opposition. 
Theo  sinoe  L//  —  L  4*  Zr/  +  2  ilf 
and  Lfjf  —  L  -f-  L/  -  2  3f . 

Then  the  ooemctent  of  mutual  inductance 
desired  is 

«^        Li/  —  Liiii 


FiQ.  30. 


_  arlaoa  wUM  m  KMOwm  C»« 
pm€Mj,  —  Connect  as  shown  in  Fig.  30 
where  A  and  D  are  two  coils  whose 
mutual  inductance  M  is  required.  R 
and  Bx  are  two  adjustable  non-inductive  resistances  and  C  a  standard 
condenser  placed  in  shunt  to  R  and  R*,  Vary  the  resistances  R  and  Rt 
until  no  denection  is  observed  on  the  galvanometer  when  the  key  is  opened 
— "      Th«i  the  mutual  inductance  is 

M  -  CRRt. 


es 
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1th  the  knows 


Coaapartoon  with  Kaowa  •elf-Iadaistlo: 

this  method  the  mutual  inductance  of  two  ooils  is  compared  with 
self-induotance  of  one  of  them.     The  ooil  whose  self-inductanoe  is  knowf 

is  connected  as  A  in  Fig.  31.  The  othci 
coil  is  connected  in  the  battery  circuit  witt 
its  magnetic  circuit  opposed  to  that  of  the 
other  ooil.  Then  by  adjusting  the  othei 
arms  of  the  bridge  to  a  balance  for  boti 
steady  and  transient  currents,  as  in  tb« 
methods  for  self-inductance,  the  mutual 
inductance  is 

M ^. 

r-fri 

Aaotlier  Metlitad*  —  In  order  that  a 
balance  may  be  obtained  without  the  incon- 
Flo.  31.  yenience  or  trial  and  approximation  as  in 

the  foregoing  method,  the  battery  circuit 
may  be  shunted  by  non-inductive  resistance  as  S  shown  in  Fig.  32.  The 
other  connections  are  similar  to  those  of  the  previous  test.  The  bridge 
is  first  balanced  for  steady  currents  in  the  regular  way  by  adjusting  the 
resistances  Ri,  r,  and  r^  and  then  S  is  changed  until  no  deflection  occurs  when 
the  key  is  opened  or  closed.     Then  the  mutual  inductance  is 

CoaapariaoM  of  HEntaal  ladactaace  wttli  Kaowa  ftalf-Ia- 
dnctaace  of  Aaotlier  Coll.  —  Connections  are  made  as  shown  in  Fig. 
33.    One  of  the  two  coils  whose  mutual  inductance  is  to  be  measured  is  oon- 


Fio.  32. 


Fzo.  33. 


nected  in  the  battery  circuit,  and  the  other  in  series  with  an  adjustable 
non-inductive  resistance  as  a  shunt  to  the  galvanometer.  The  known 
self-inductance  L  is  connected  in  the  bridge  as  R,  The  bridge  is  first 
balanced,  as  before,  for  steady  current^  then  the  resistance  S  is  changed 
until  no  deflection  occurs  when  the  key  is  opened  or  closed.  Then  if  iSTbe 
the  total  resistance  in  the  shunt  circuit,  the  mutual  inductance  is 


M  "- 


LR,S 


{R  +  /ix)* 


T«l«pboao  Motbod. —  As  in  measurements  of  self-inductanoe,  a  tele- 
phone may  be  used  in  measurements  of  mutual  inductance,  as  shown  in 
Fig.  34.  The  ooil  of  known  self-inductance  L  is  connected  in  one  arm  of 
the  bridge,  as  shown  at  R,  The  other  ooil  is  connected  in  opposition 
to  that  ooil  in  the  main  current  circuit,  the  current  supplied  being  either 
alternating  or  a  rapidlv  interrupted  direct  current.  Tne  non-inductive 
resistance  and  the  telephone  circuit  contact  are  varied  until  silence  occurs 
in  the  telephone  in  a  manner  similar  to  that  described  for  self-inductance. 
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Then  if  p  is  the  resistance  of  the  slide  wire  for  unit  length,  and  the  position 
for  a  baknoe  is  a  units  from  the  right  as  shown,  then  the  mutual  mduotance 


jtf--  ^ 


1— t*ai«i.  —  In  measxu^ments  of  inductance,  when  balancing  for 

transient  ourrents  the  galvanometer  deflects  in  one  direction  when  the 
battery  key  is  closed,  and  in  the  opposite  direction  when  it  is  opened.  To 
inerease  the  sensibility  of  such  tests,  Ayrton  and  Perry  have  devised  the 
Moohmmeter.    The  battery  and  galvanometer  circmts  are  each  commuted 


Fio.  34.  Fxo.  35.     Ayrton  and  Perry's 

Seoohmmeter. 

so  as  to  produce  a  galvanometer  deflection  in  one  direction,  and  increased 
in  amoimt.  This  apparatus  may  be  used  in  connection  with  any  of  ^  the 
above  testa  where  fsalvanometcKre  are  used,  the  balance  being  obtained 
when  the  deflection  u  reduced  to  sero.  Below  is  given  a  description  of  the 
apparatus  as  shown  in  Fig.  3d. 

This  instrument  serves  the  purpose  of  making  an  alternating  current  to 
use  in  measurements  of  self-induction,  and  of  commuting  such  portion  of 
this  current  as  flows  in  the  galvanometer  circuit  to  a  direct  current. 

The  instrument  consists  of  two  rotating  commutators  mounted  on  one 
axis  and  a  train  of  gears  for  rapidly  driving  them.  The  commutators  are 
<m  the  two  sides  of  a  cast  metal  case,  one  only  being  shown  in  the  illustration. 
They  are  electrically  insulated  from  each  other.  The  brushes  of  one  com- 
mutator are  mounted  on  a  disk,  which  can  be  rotated  through  an  angle  of 
90^  around  the  axis.  The  brushes  can  accordingly  be  set  so  that  they  will 
revetae  the  circuits  in  which  the/  are  connectM  at  the  same  time,  or  so 
Uiat  one  will  reverse  at  any  desired  fraction  of  a  period  after  the  other. 
The  driinng  handle  may  be  attached  at  two  places  on  the  train  of  gears, 
thus  ^ving  two  speeds.  A  pulley  wheel  is  also  provided,  which  may  be 
used  m  place  of  the  handle  and  the  apparatus  be  driven  by  a  motor. 

In  alternating  current  circuits  having  inductance  in  any  part  of  the  cir- 
cuit, such  as  motors,  unloaded  transformers,  and  the  self-inductance  of  the 
line  itself,  the  product  of  the  values  of  the  current  and  the  E.M.F.  as  shown 
bry  an  ammeter  and  voltmeter  does  not  give  the  power  in  the  circuit, 
since  the  current  is  not  in  phase  with  the  E.M.F.  ,    . 

The  power  at  any  instant  of  time  in  any  alternating  current  circuit  is 
equal  to  the  product  of  the  instantaneous  values  of  the  current  and  E.M.F. 
This  is  shown  graphically  in  (Gut  A)  Fig.  36.    The  mean  power  in  the  circuit  is 

P  "EI, 
where  E  is  the  effective  E.M.F.  and  /  the  effective  current.      The  effective 
valoee  of  E.M.F.  and  current  are  the  square  roots  of  the  mean  squares  of 
their   respective   instantaneous   valuy,   or   numerically,    their   maximum 

values  divided  by  V^  or  1.41.  Alternating  current  measuring  instruments 
of  either  the  *'hot  wire"  or  dynamometer  type  indicate  effective  values. 

If  the  current  is  not  in  phase  with  the  E.H.F.,  and  the  angular  difference 
in  pbaoe  is  ^  then  the  power  is 

P  »  ^/  cos  ^ 
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Pio.  B. 


Fio.  C. 


Fio.  D. 


FiQ,  E. 
Fio.  36. 
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Cos  ^  is  eaOed  the  potrer  factor,  since  it  is  the  factor  by  which  the  appareDt 
power  EJ  must  be  multiplied  to  obtain  the  true  power. 

Suppose  that  curve  No.  1  in  Fig.  B,  page  70,  represents  the  various  values 
of  the  mpreesed  voltage  throughout  a  cycle,  and  that  curve  No.  2  represents 
the  various  values  of  the  self-induced  voltage.  Curve  No.  2,  it  will  fa«  noted, 
is  not  in  phase  with  eurve  No.  1.  Its  highest  value  comes  at  a  later  time 
than  that  of  curve  No.  1,  because  the  self-induced  electromotive  foroe  is 
never  in  phase  with  the  impressed  electromotive  force,  as  the  self-induced 
electromotive  foroe  is  obviously  at  its  highest  point  when  the  lines  of  foroe 
indueed  by  the  coil  are  nKAnging  most  rapidlv.  This  occurs  when  the 
eurrent  is  rapidly  increasing  or  diminishing,  and  not  when  it  is  maintain- 
ing a  momentarily  steady  value  at  its  highest  ]^int. 

Currait  will  flow  in  the  circuit  in  proportion  to,  and  in  phase  with,  the 
resultant  of  the  two  curves,  and  the  ordinates  of  tlus  resultant  will  be  the 
algebmical  sum  of  the  corresponding  ordinate  of  the  two  curves.  Curve  No. 
3  shows  the  resultant  curve  constructed  in  this  way.  It  will  be  found  to  be 
aimilar  to  the  other  curves  but  of  a  different  maximtun  value,  also  ]Agipng 
behind  the  curve  of  impressed  E.M.F.,  but  occurring  earlier  than  the  curve 
of  self-induced  E.M.F. 

In  Fig.  C  are  shown  the  curves  representing  the  impressed  E.M.F.  and 
.the  resulting  eurrent,  and  as  will  be  seen  uie  current  lass  behind.  If 
^  values  of  theee  curves  be  combined  by  multiplying  tnem  together, 
ordinate  by  ordinate,  this  curve  representing  power  will  result.  This  will 
be  the  true  curve  of  power,  as  it  obviously  represents  the  power  at  every 
instant,  the  instantaneous  voltage  being  multiplied  by  the  instantaneous 
current,  and  consequently  takes  account  of  the  fact  that  their  maxima 
are  shifted  with  reference  to  one  another. 

If  the  current  and  voltage  curves  are  arranged  as  shown  in  Fig.  D.  in 
which  the  maximum  value  of  the  voltage  occurs  at  the  same  time  as  does 
the  minimum  value  of  the  current,  the  result  will  be  as  shown,  and  no 
power  will  be  produced. 

If  the  ourrent  is  in  phase  with  the  electromotive  foroe  as  shown  in 
Fig.  E!,  the  power  eurve  will  appear  above  the  sero  line,  and  the  true 
power  will  also  be  the  ^parent  power. 

Vhree  Voltosetor  IH^tli^d.    Ajrton  4c  ftnaapmer. 

This  method  is  good  wH ere  the  voltage  can  be  regulated  to  suit  the  load. 

In  figure  87  let  the  non-inductive  re- 
sistance R  bo  placed  in  series  with  the 
load  a  b ;  take  the  voltage  V  across  the 
terminals  of  .A ;  F^  across  the  load  a  b, 
and  Vi  across  both,  or  from  a  to  c. 

Then  the 

r,»  —  Vt*  —  y* 

True  watts  =  —2 ~i . 


FlO.  S7. 


then 

This 

a 


W= 


The  beet  conditions  are  when  V 
and,  if  A  =:  4  ohm, 


=  r, 


If 


CoasMMed  Tolteteter 

method,  devised  also  by  Fleming,  Is  quite  accurate,  and  enables  the 

accuracy  of  instruraents  In  use  to  be 
cheokea.  In  Fig.  38  72  is  a  non-inductive 
resistance  connected  in  shunt  to  the  induc- 
tive load  a  5,  and  the  voltmeter  V  measures 
the  p.  d,  across  xy.  A  and  ^^  are  ammeters 
connected  as  shown ;  then 


True  watts  =  f  {a,*  _  ^t  -  Q")  . 


Fia.  88. 


If  the  voltmeter  V  takes  an  appreciable 
amount  of  current,  it  may  be  tested  as  fol- 
lows :  disconnect  R  and  V  at  y.  and  see  that  A  and  A,  are  alike ;  then  con- 
nect R  and  F"  at  tf  again,  and  disconnect  the  load  a  h.  Then  A^  =:  current 
taken  by  R  and  V  In  multiple. 
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(Contributed  by  W.  N.  Goodwin,  Jr.) 

For  meamirement  of  power  in  electric  circuits,  the  wattmeter  nvee  the 
quickest  and  most  accurate  results.  Since  the  instrument  mecnanically 
integrates  the  products  of  the  instantaneous  values  of  current  and  £.M.Fir, 
thepower  is  indicated  directly,  regardless  of  tiie  power  factor. 

When  a  wattmeter  is  oonnectcn  to  a  circuit,  the  iostrttmeat  itself  re- 
quires current  and.  therefore,  some  power  is  consumed  in  it.  Tliis  error 
must  be  calculated  and  subtracted  from  the  observed  reading.  Weston 
wattmeters  are  compensated  for  this  error  by  means  of  a  coil  wound  in 
opposition  to  the  field  coil  and  adjusted  with  it.  The  following  are  a  lew 
of  the  important  tests  with  a  wattmeter  used  in  power  measurements. 

Fig.  3tf  shows  the  connections  for  measurement  of  power  in  either  a 
direct  or  single  phase  alternating-current  drcuit.  The  power  consumed 
by  L  is  read  directly  from  the  instrument. 


Fu.  89. 


Fio.  40, 


In  direct  current  measurements,  to  eliminate*  the  effect  of  the  earth's 
magnetic  field,  two  readings  must  be  taken;  either  the  connections  must 
be  reversed  for  the  second  reading,  or  the  instrument  turned  180*^  from  its 
first  position;  the  mean  of  the  two  readings  gives  the  true  power. 

If  the  instrument  have  a  multiplier,  it  should  be  connected  as  shown  in 
Fig  40j  so  that  the  difference  of  potential  between  the  stationary  and  mov- 
abTe  qpils  shall  be  a  minimum. 

«;iieclclBC  l>F»ttiiietera. —  In  checking  wattmeters  either  directly  with 
other  wattmeters,  or  "by  means  of  a  voltmeter  and  ammeter,  the  wattmeter 
should  be  connected  so  as  not  to  include  its  compensating  coil.  In  a  Wes- 
ton wattmeter  the  "independent"  binding  post  should  be  used,  ^own  in 
Fig  39,  the  pressure  circuits  being  connected  in  parallel  and  tne  field  or 
current  coils  m  series. 

Tliree-Pliaee  Power  Heaearomeiite.  —  In  \mbalanced  svstems 
two  wattmeters  are  required,  connected  as  shown  in  Fig.  41 .  The  totalpower 
transmitted  is  then  the  algebraic  sum  of  the  readings  of  the  two  watt- 
meters. If  the  power  factor  is  greater  than  .50,  the  power  is  the  arith- 
metical sum,  and  if  it  is  less  than  .50,  the  power  is  the  arithmetical  differ- 
ence of  the  readings.  « 


i  6  n— I 


J^ 
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PlUMe  AyatesM*  —  One  wattmeter  may  be  used 
in  three-phase  eirouits  in  whioh  the  current  lag  is  the  same  for  all  parte 
of  the  etreuit  and  the  load  is  uniformly  distributed.  The  connections  are 
•hoim  in  Fig.  42.    The  current  coil  of  the  wattmeter  is  connected  in  one 


'b 


I? 


*  ^^^^^v*» 


FICU42. 


of  the  leads  as  A;  one  end  of  the  pressure  circuit  to  the  same  lead,  the  other 
end  is  connected  successively  to  each  of  the  other  leads  as  B  and  C.  a  read- 
ing beins  taken  in  each  position.  The  power  is  then  the  sum  of  the  sepa- 
rate reaoings. 

>•€•■■  Method  for  JBAlonced  CKrcnlte.  —  Another  method  niay 
be  laaod  by  which  the  power  mav  be  obtained  from  a  single  reading  of  the 
instrumentj  as  shown  in  Fig.  43.  The  ciurent  coil  of  the  wattmeter  is 
eonneeted  m  one  lead  as  A\  one  end  of  the  pressure  circuit  is  connected 
to  the  same  lead. 


Fig.  43. 


The  other  end  of  the  pressure  circuit  is  connected  to  the  junction  of 
two  resistances  r  and  r,  each  equal  in  resistance  to  that  of  the  wattmeter; 
the  ends  of  these  resistances  are  connected  to  the  other  two  leads  as 
shown  at  B  and  C.    The  power  is  then 

P  =  3p 

where  p  is  the  instrument  reading. 

If  it  be  desired  to  use  the  instrument  for  higher  voltages  than  that  for 

whieh  it  was  designed,  then  a  resistance  R  must  be  added  to  the  instru- 

R-hr 
It  branch,  of  such  a  value  that is  equal  to  the  multiplying  con- 


stant m  desired. 
Each  of  the  other  two  branches  must  be  increased  to  K  +  r. 
Then  the  power  is 

P  =  3  mp. 

The  Weston  *' Ybox"  multiplier,  which  may  be  made  for  any  multiplying 
eoostani,  is  constructed  according  to  this  principle. 

Any  of  the  above  methods  can  be  used  equally  well  for  the  delta  as  for 
tiMstar  oonneetion. 
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I  A  TOJLVHSTJU. 

The  following  are  a  few  of  the  more  iixip9rtant  teste  for  which  voltmeten 
and  ammeter*  are  especially  adapted.  With  some  changes  and  additions 
they  have  mostly  been  condensed  from  an  article  by  H.  Masohke,  Hi.D., 
of  the  Western  Laboratory  published  in  the  Electrical  World  in  April,  1892. 
.  The  scales  of  the  better  known  portable  instruments  read,  in  general, 
from  0  to  160,  or  some  even  multiple  or  fraction  of  this  value.  Voltmeten 
are  available  having  scales  ranging  from  1.5  volts  to  760  volts  for  a  full 
scale  deflection,  and  when  used  with  multipliers  for  any  higher  range. 
Two  or  more  ranges  may  be  had  on  the  same  mstrument,  so  that  by  simplv 
transferring  connections  from  one  binding  post  to  another,  voltages  Of- 
fering greatly  in  amount  may  be  measured  on  one  instrument.  Millivolt- 
meters  may  be  had  reading  as  low  as  20  millivolts  for  a  full  scale  deflection. 

iMitnuMeiita  wMli  gertment  Macaeto  should  not  be  placed  on 
or  near  the  field  magnets  of  motors  or  generators,  nor  should  they  be  used 
for  measurements  in  very  strong  magnetic  fields,  such  as  those  produced 
in  the  vicinity  of  conductors  carrying  heavy  currents.  If  the  fields  be 
not  too  strong,  then  the  error  produced  in  the  instrument  from  this  cause 
may  be  elinxinated  by  taking  the  mean  of  two  readings,  one  in  positicm. 
ana  the  o^er  when  the  instrument  is  turned  180^  from  that  position  around 
its  vertical  axis. 


Klectr«iiiotlve  force  of  Batteries* 


The  positive  post  of  voltmeters  is 
usually  at  the  right,  and  marked  +* 
In  a  battery  the  sine  is  commonly  neg- 
ative, and  should  therefore  be  con- 
nected to  the  left  or  negative  binding 
poet. 

For  single  cells  or  a  small  number, 
a  low-reading  voltmeter,  say  one  read- 
ing to  16  volts,  will  be  used,  the  con- 
nections being  as  per  diagrams. 


KlectroMiOttve   foroe 
of 


riliWi|i|i|Hh 


For  voltage  within  range  of  the  instrument  available  for  the  purpose,  it  is 
only  necessary  to  connect  one  terminal  of  the  voltmeter  to  a  brush  or  one 
polari^,  and  the  other  terminal  to  a  brush  of  the  opposite  polarity,  and 
read  direct  from  the  scale  of  the  instrument.  Ae  continuous  current  volt- 
meters usually  deflect  forward  or  back  according  to  which  pole  is  connected, 
It  is  necessary  sometimes  to  reverse  the  lead  wires,  in  which  case  the  polar- 
ity of  the  dynamo  is  also  determined.  Of  course  the  voltage  across  any  cir- 
cuit may  be  taken  in  the  same  way,  or  the  dvnanio  voltage  may  be  taken  at 
the  switchboard,  in  which  caee  the  drop  in  the  leads  sometimes  enters  into 
the  calculations.  Following  are  diagrams  of  the  connections  to  bipolar  and 
multipolar  dynamos : 


FiO.  46. 


Fio.  47. 
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In  th«  cMe  of  arc  dynamos  or  other  machines  giving  hia^  Toltage,  it  Is 
necessary  to  proTide  a  multiplier  in  order  to  make  use  of  the  ordinaiy  in- 
strument ;  and  the  following  is  the  rule  for  determininc  the  resistance 
▼liich,  trhen  placed  in  series  with  the  voltmeter,  will  provide  the  neoessary 
multiplying  power. 

Let  e  =  upper  limit  of  instrument  scale,  for  example  100  volts, 

E  =  upper  limit  of  scale  required,  for  example  760  volts, 
B  r=  resistance  of  the  voltmeter,  for  example  18,000  ohms, 
r  =  additional  resistance  required,  in  ohms. 

Then  r  =  JJ^^=^  or  r=s  18,000  5!tjz"?  =78,000  ohms. 

The  multiplying  power  =  -  or  j^  =  gb 
Should  the  exact  resistance  not  be  available,  then  with  any  available 
resistance  r^  the  regular  scale  readings  must  be  mul^plied  1>7  (3  +  ^  )  • 

•f  IBLMgU  m^maimtmmo^  for  Voltmoton. 


It  Is  highly  important,  as  reducing  the  error  in  measurement,  that  the  in- 
ternal resistance  of  a  voltmeter  be  as  high  as  practicable,  as  is  shown  in  the 
following  example : 

Iiet  M  In  the  figure  be  a  dvnamo,  battery,  or  other 
source  of  electric  energv,  sending  current  through  the 
resistance  r ;  and  vmToe  a  voltmeter  indicating  the 
pressure  in  volts  between  the  terminals  A  and  B.  Be- 
fore the  vm.  is  connected  to  the  terminals  A  and  B  there 
will  be  a  certain  difference  of  potential,  which  will  be 
less  when  the  voltmeter  is  connected,  owing  to  the  lee- 

sening  of  the  total  resistance  between  the  two  points ;     •      ^^-.f 

if  the  resistance  of  the  vm.  be  high,  this  difference  will     •'    -uwvwv^^ 
be  very  smaU,  and  the  higher  it  is  the  less  the  error, 
fbilowing  are  the  formulas  and  computations  for  do- 
terminlng  the  error. 

In  Ftg.  48  let  K  be  the  EJd.F.  of  the  generator,  p„  40 

r  the  rerastanoe  of  thd  circuit  across  A  and  B  when  '  ^ 

the  difference  of  potential  is  to  be  measured,  ri  the 
resistance  of  the  leads,  generator,  etc.,  and  R  the  resistance  of  the  volt- 
meter.    Before  the  vm.  is  connected  the  difference  of  poteatial  between 
iiaadBis 

r  +  ri 

With  the  voltmeter  oonneeted  the  difference  of  potential  indicated  by 
the  instminent  is 

The  voltage  across  A  and  B  is,  therefore,  reduced  by  the  introduction 
of  the  TolUDeter  by  the  amount  of 


Tlie  error  is 


(r  +  rt)R 
^V  -  V|\  _     lOOrri 


— (^)-^ 


Vi     /       (r-\-ri)R 

The  error  r.  inversely  proportional  to  the  resistance  R  of  the  voltmeter 
Ezanq^e . 
Let  J?  -  10  volts, 

r  ">"  10  ohms. 

g-   —  2  ohms, 
—  500  ohms. 

Hicq  the  reading  of  the  voltmeter  is 

^       10X500  XIO f. jj,^^      .. 

•^*  "  (10  X  500)+  (2  X  10)  +  (2  X  500)      ''•**^  ""^^^ 
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r-  r,- 1^^441^-. 0277  volU. 


and  the  peroentage  error  ia 

P- 


(10  +  2)  600 
100  X  10X2 


aO  +  2)  X600 
If  A  be  made  1000  ohms,  then 

^  10  X  1000  X  10 


-.838%. 


and  the  error  is 

and  the  percentage  error  is 


(10  X  1000)  +  (2  X  10)  +  (2  X  1000) 


-  8^2  volte 


V^  -y  -  \^^^^^^,^^  -  .01387 


P  - 


(10  +  2>1000 
100  X  10  X  2 


(10  4-  2)  X  1000 


-  .166% 


or  just  one-half  the  error  with  R  «  500  ohms. 


If  the  error  of  measurement  is  not  to  exceed  a  stated  per  cent  p,  then  r 


and  ri  must  be  such  that 


— i-^  is  less  than  -^r^^' 
r  +  Ti  ^^  100 


If  the  circuit  is  dosed  by  a  renstance  ri,  and  it  be  desired  to  measure 
the  E.M.F.  of  the  generator    by  connecting  the  voltmeter  between  any 

two  points  as  A  and  B,  then  i^  —  (     ^  *  J  Vi,  where  Vt  ■-  reading  on  vm. 

The  oTor  between  the  true  value  of  the  E.M.F.  of  the  generator  and  that 
shown  by  the  voltmeter  is  .  xr 

E-  r-  ^ 


and  the  percentage  error     p  —  1(X)  (  ^  ] 


If  the  error  is  not  to  exceed  p  per  cent,  then  the  resistance  of  the  gen- 
erator, cables,  etc,  must  not  exceed  -^r-- 

For  example,  with  a  voltmeter  having  15,000  ohms  for  150  volte;  if  p 

1  v  15000 
must  be  less  than  |%,  then  r^  may  be  as  great  as   = — tttt —  —  30  ohms. 

Coai|»»iiaoii  of  SJK.F.  of  Batteries. 

inieAtstone's  Mothod.  —  To  compare  E.M.F.  of  two  batterieS|il  ami 
X,  with  low-reading  voltmeters,  let  £  be  the  E.M.F.  of  A,  and  Et  the  E.M.F. 
of  iT.  ^ 

■nA/WNAAAA/V 


FlQ.  49. 


First  eonnect  battery  A  in  series  with  the  voltmeter  and  a  resistance  r, 
switch  B  being  closed,  and  note  the  deflection  V;  then  open  the  switch  B, 
and  throw  in  the  resistance  Tj,  and  note  the  deflection  V,,  Now  connect  bat^ 
tery  X  In  place  of  ^,  and  close  the  switch  B^  and  vary  tne  resistance  r  until 
the  same  deflection  Kof  voltmeter  is  obtained  and  call  the  new  resistance  r. ; 
next  open  the  switch  B,  or  otherwise  add  to  the  resistance  r,  until  the  deflee- 
tion  Vi  of  the  voltmeter  is  produced ;  call  this  added  resistance  r,,  then 

JS  I  JBi\   •!  r  J   *  f*a. 

If  J7  be  smaller  than  i?i,  the  voltmeter  resistance  R  may  be  taken  as  r,  and 
it  is  better  to  have  Vy  about  twice  as  large  as  the  combined  resistance  of  r 
and  the  resistance  of  A. 

It  is  not  necessary  that  the  internal  resistance  of  the  cells  be  small  aa 
compared  with  R, 
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Poraen^oriTs  Method  Modlfl«d  bj  Clark. 

To  Compare  the  E^.F.  of  a  battery  cell  or  element  with  a  standard  oelL 
Let  iS  be  a  standard  cell, 

2*  be  a  cell  for  comparison  with  the  standard, 
il  be  a  battery  of  hikher  E.M.F.  than  either  of  the  abore  elements. 
A  resistance  r  is  Joined  in  series  with  the  battery  B  and  a  slide  wire  A  D, 
A  milllToltmeter  is  connected  as  shown,  both  its  terminals  being  oonneeted 
to  the  like  poles  of  the  battery  B  and  the  Standard  8, 


More  the  oontaet  C  along  the  wire  until  the  pointer  of  the  instromeiit 
stands  at  aero,  uid  let  r,  be  the  resistance  of  A  C. 

Throw  the  switch  6  so  as  to  cut  out  the  standard  5,  uid  cut  in  the  cell  T\ 
now  slide  the  oontaot  d  along  the  wire  until  the  pointer  again  stands  at 
xero,  and  call  the  resistance  of^  C\  r^. 

Then  the  E.M.ini.  of  the  two  cells  t 

T\  5;:r,  :ri. 

If  a  meter  bridge  or  other  scaled  wire  be  used  in  place  of  A  D,  the  results 
may  be  read  directly  in  volts  by  arranging  the  resistance  r  so  that  with  the 
pointer  at  xero  the  oontaot  (7  is  at  the  point  144  on  the  wire  scale,  or  at  100 
times  the  E.M.F.  of  the  standard  8^  which  may  be  supposed  to  be  a  Clark 
eelL  All  other  readings  will  in  this  case  be  in  hundredths  of  volts ;  and 
should  the  location  of  (^  be  at  176  on  the  scale  when  the  pointer  is  at  zero 
on  the  mOlivoltmeter  then  the  E.M.F.  of  the  cell,  being  compared,  will  be 
1.76  volts. 


Carr«a«  Streagtli  witli  »  Voltmeter. 

If  the  resistance  of  a  part  of  an  electric  circuit  be  known,  taklns  the  drop 
in  potential  around  such  resistance  will  determine  the  current  flowing  by 

<dimslawviz., /= -5- .  ^ 

In  the  figure  let  r  be  a  known  resistance  be- 
tween the  points  A  and  B  of  the  circuit,  and  / 
the  strenstn  of  current  to  be  determined ;  then 
if  the  vmtmeter,  connected  as  shown,  gives  a 
daflectlon  of  V  volts,  the  current  flowing  in  r 


wiUbe 


r 


For  the  oorrecttons  to  be  applied  in  certain 

see  the  section  on  Importance  of  Sigh 

for  VoUmetert,  page  76, 

Always  see  that  the  resistance  r  has  enough 

earxying  capacity  to  avoid  a  rise  of  temperature 

which  womd  change  its  resistance. 

If  the  reading  is  exact  to  —  volt  the  meas- 

urement  of  current  will  be  exact  to  -—-—  am- 

P  Xr 


B  »— VSA/V>AA/>A<VNA/\A^—  ^ 


Fig.  61. 
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peres.  If  r  ■>  J(  ohm,  and  the  readmes  are  taken  on  a  low-readinc  volt- 
meter, say  rangins  from  0  to  5  volts,  and  that  can  be  read  to  sis  volt,  then 
the  poaaible  error  will  be 

30oxT  "  rso  *'"P*'*- 

If  rbe  made  equal  to  1  ohm,  then  the  volts  read  also  mean  amperes. 

Kettevreaieiii  of  Cnrreiit  irttli  »  MIlliTolteieter.  —  This  is  the 
method  generally  used  in  practice  for  the  measurements  of  currents,  and 
is  the  same  principle  as  the  one  outlined  above  with  the  substitution  of  a 
millivoltmeter  tor  the  voltmeter. 

As  the  drop  is  much  lower,  a  comparatively  low  resistance  shunt  may 
be  used,  so  that  heavy  currents  may  be  measured  without  the  diunt  becom- 
ing disp»>portionately  large. 

Tor  portable  instruments,  detachable  shunts  are  /generally  adjusted  with 
the  instrument  so  that  the  instrument  scale  reads  directlv  in  amperes.  The 
snunts  are  constructed  of  resistance  alloy  having  a  negugible  temperature 
coefficient. 

Switchboard  instruments  also  have  shimts  with  slotted  terminals  so 
that  they  may  be  connected  directly  to  the  bus-bars. 

In  some  cases  where  the  currents  to  be  measured  are  very  large  the  in- 
struments are  adjusted  to  the  drop  across  a  portion  of  the  copper  bus-bar 
throivh  whidi  the  current  passes.  To  compute  the  length  of  the  copper 
bar  of  a  given  cross  section  to  give  a  certain  drop  for  a  given  current, 

let 


then. 


A  —  the  area  of  the  cross  section  of  bar  in  square  inches, 
/  «  current  in  amperes, 
V  *  drop  in  millivolts  desired  for  instrument  for  ourreat  I; 

length  in  feet  -  ^^  ^  "^  at  20*0. 


with  A  VoltmcAMTw 

I. — In  the  figure,  let  X  =  the  unknown  resistanee 
that  Is  to  be  measured,  r  =  a  known  reeistance,  J?,  the  dynamo  or  other 

steady  source  of  E.M.F. 

When  connected  as  shown  in  the  figure,  let 
the  voltmeter  reading  be  V;  then  connect  the 
voltaieter  terminals  to  r  in  the  same  manner 
and  let  the  reading  be  Vi ;  then 

X:r::  V:  V^ 

rx  r 


and 


jr= 


Vx 


FlO.  62. 


If,  for  instance,  r  =  2  ohms  and  K  =:  3  volts 
and  F\  =  4  volts  then 

X=?4-?=liJohms. 


If  readings  can  be  made  to  i-  volt,  the  error  of  resistance  measurement 
will  then  be  9 


lOOX 


iir^T) 


percent. 


and  for  the  above  example  would  be 

l(i  +  i)  =  OJ»%. 
Should  there  be  a  considerable  difference  between  the  magnitudes  of  the 
two  resistanoes  X  and  r.  it  might  be  bettw  to  read  the  drop  across  one  of 
them  from  one  soale,  and  to  read  the  drop  across  the  other  on  a  lower  scale. 


Iteeisiaiice  Heae«r«meiit  wltk  Voltasetor  and 


laietor. 


The  most  common  modification  of  the  above  method  is  to  insert  an  am- 

y 

meter  in  plaoe  of  the  resistance  r  fh  the  last  figure,  in  which  case  X=  -^ 
where  /  is  the  current  fiowin|^  in  amperes  as  read  from  the  ammeter. 
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If  the  readings  of  the  roltmeter  he  correct  to  -  and  the  ammeter  read- 
ings he  oorreot  to  the  same  degree,  the  possible  error  hecomee  : 


100  X^  {^y +2^  ver cent. 


iwmeiit  of  Tovy  Amall 


with  A  MUllTolt- 


letor. 


By  using  a  miUiroltmeier  in  connection  with  an  ammeter,  Tery  small  re- 
sistances, such  as  that  of  hars  of  copper,  armature  resistance,  etc.,  can  be 
acenrately  measured. 

In  order  to  have  a  reas- 
onable degree  of  acouracy 
in  measuring  resistance  by 
the  "  drop  "  method,  as  this 
is  called,  it  is  necessary 
that  as  heary  currents  as 
may  be  arailable  be  used. 
Then,  if  J?  be  the  dynamo 
or  other  source  of  steady 
E.M.P.,  X  be  the  required 
resistance  of  a  portion  of 
the  bar,  V  be  the  drop 
in  potential  between  the 
points  a  and  6,  and  /  be 
the  current  flowing  in  the* 
circuit  as  indioated  by  the 
ammeter,  then 

The  applications  of  this  method  are  endless,  and  but  a  few,  to  which  it  is 
sspeeially  adapted,  need  be  mentioned  here.  They  are  the  resistance  of 
armatures,  the  drop  being  taken  from  opposite  commutator  bars  and  not 
from  the  bmsh-holoers,  as  then  the  brush-contact  resistance  is  taken  in :  the 
resistance  of  station  instruments  and  all  switchboard  appliances,  mum  as 
the  resistance  of  switch  contacts ;  the  resistance  of  bonded  Joints  on  electric 
railway  work,  as  described  in  the  chapter  on  railway  testing. 


sent  of  Kiffli 

'With  the  ordinary  Toltmeter  of  high  internal  resistance,  let  B  be  the  re- 
sistanee  of  the  roltaieter,  X  be  the  resistance  to  be  measured.    Connect  them 
up  in  series  with  some  source  of  electro- 
motiTe  force  as  in  the  following  figure. 

Close  the  switch  6,  and  read  the  voltage 
V  with  the  resistance  of  the  voltmeter 
alooe  in  circuit;  then  open  the  switch, 
thus  eattlng  in  the  resistance  X,  and  take 
aaoiher  reading  of  the  voltmeter,  V^ 

Then  X=J?(X— iV 

If  the  readings  of  the  voltmeter  be  cor- 

rect  to  -  of  a  volt  the  error  of  the  above 
p 

r«suttwlllbelOOx-|r  (  p  j]  y)  percent. 

Tevy  BUffli  RoelataBCO.  —  For  the  measurement  of  very  high  resis- 
taaees  a  more  sensitive  voltmeter  will  give  much  better  results  for  the  reason 
that  the  reading  Vt  when  the  switch  6  is  opened,  becomes  so  small  with  the 
ordinary  -rc^tmeter  that  the  error  is  relatively  very  great.  Instruments  are 
oo  the  market  having  a  sensibility  of  1600  ohms  per  volt  or  about  260,000 
ohms  for  ISO  volts. 
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For  example  if  a;  -■  1  megohm  and  an  ordinary  voltmeter  be  used 
R  —  15,0(X)  ohmB  for  160  volts, 
and  £  —  120  volts, 

jr  ...        ER  120  X  16,000  ,  ___      ^ 

K»  would  be  ^:p-^  -  1.000.000+15.000"  1-772  volt.; 

while  if  R  were  260.000  ohms. 

V  jAu        120  X  280,000  „ .      ^ 

^'  would  be  ^^^  _^  ^^  -  24  volts, 

that  is  with  the  high  resistanoe  instrument,  with  the  same  aeeuraey  of 
the  instrument  soales,  the  percentage  error  is  about  ^  as  great  as  with  the 
lower  resistanoe  instnunent. 

Meaanrlng-  tlie  Inaalatloii  Ilealaiaiice  of  MAgitUmtp  mmd 
Power  CircHl«s  wfltli  »  Voltnsotor.  —  For  the  measurement  of  in- 
sulation resistance,  a  high  resistance  sensitive  voltmeter  is  needed.  For 
rough  measurements  where  the  exact  insulation  resistance  is  not  reauired 
but  it  is  wished  to  determine  if  such  resistance  exceeds  some  stated  figure, 
then  a  voltmeter  of  ordinary  sensibility  will  answer.  The  methods  in  general 
are  as  follows : 

Let  X  —  insulation  resistance  to  ground  as  in  Fi^.  55, 
Xt  ""  insulation  resistance  to  ground  of  opposite  lead, 
R    ■-  resistance  of  voltmeter, 
V    -■  potential  of  djmamo  J?, 
Vi  "  reading  of  voltmeter,  as  connected  in  figure. 
Fi  ■-  reading  of  voltmeter,  when  connected  to  opposite  lead. 


Then 


and 


X=i»(^,-i). 


The  above  formula  can  be  modified  to  give  results  more  nearly  oorreot  by 
taking  into  account  the  fact  that  the  path  through  the  resistance  R  of  the 
voltmeter  is  in  parallel  with  the  leak  to  ground  on  the  side  to  which  it  is 
connected  as  shown  in  the  following  figure : 


Oround  -^f 


FlO.  66. 
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In  fhlB  ease  the  voltage  V  of  tbe  cironit  will  not  only  send  oorrent  through 
the  lamps,  bat  thrdngh  the  leaks  0  /  to  groond,  and  through  the  sround  to 
d  and  c,  thence  throc^^  <l  to  ft,  and  c  to  a,  these  two  last  paths  befns  in  par- 
allel, therefore  having  less  resistance  than  if  one  alone  was  used ;  tnos  If  r 
be  the  resistance  of  the  ground  leak  h  d,  and  r^  be  the  resistance  of  the  leak 
e/t  and  J?  be  the  resistance  of  the  yoltmeter,  then  the  total  reslstaaoe  by 
way  of  the  ground,  between  the  eondnctors,  would  be 


and  if 

Then 
snd 


R-\-r 

rr=  voltage  of  the  circuit, 
V  =z  reading  of  voltmeter  from  a  to  e, 
r,  =  reading  of  voltmeter  from  gtoc. 


( 


r-  (V  4^e,) 


Vj 


y-iv-^-p,) 


)• 
)• 


Thesumof  the  resistance  r  +  r,  will  be  =  /^  l^(P+v,)(r-(v-\-v,))\ 

XflUivlAtloii  Iteafetanc*  of  Arc  "MAifl^t  C!trcalta. 

Are  lampe  are  to  a  great  extent  run  in  series,  and  the  insulation  resis- 
tance of  their  circuits  is  found  in  a  manner  similiar  to  that  for  multiple 
eIreuitB,  btit  the  formula  differs  a  little.  Let  the  following  figure  be  a 
tj^eal  aoro  oirooit,  with  a  partial  ground  at  e. 

First  find  the  total  voltage  V  between  a  and  b  of  the  circuit.  This  can 
most  hskndilv  be  done  with  a  voltmeter  having  a  high  resistance  in  a  sepa- 
late  box  ana  so  calibrated  with  the  voltmeter  as  to  multiply  its  readings  oy 


Fia.  fi7. 


lome  oonTenient  number.  For  convenience  in  locating  the  ground,  set  the 
average  rolts  per  lamp  by  dividing  the  total  volts  V  by  the  number  of  lamps 
on  the  circuit ;  the  writer  has  found  48  volts  to  be  a  good  average  for  the 
ordinary  10  ampere  lamp.  With  the  16  lamps  shown  in  the  above  figure,  V 
would  inobably  be  about  768  volts. 

Next  take  a  voltmeter  reading  from  each  end  of  the  circuit  to  ground. 
Call  the  reading  from  a  to  sround  9,  and  from  b  to  ground  V/,  Ji  bmng  the 
reslstanee  of  voltmeter  as  Before,  and  r  the  insulation  resistance  required. 


=*I 


)' 


and  the  location  of  the  ground,  provided  there  be  but  one  and  the  general 
hisulallon  of  the  circuit  be  good,  will  be  found  closely  proportional  to  the 
readings  v  and  v, ;  in  the  above  figure  say  we  find  tne  voltmeter  reading 
Ihnn  a  to  ground  to  be  28,  and  from  b  to  ground  to  be  36 :  then  the  distance 
of  the  ground  e  from  the  two  ends  of  the  circuit  will  be  in  proportion  to  the 
Kiartlngp  28  and  36  respectively. 
There  being  16  lamps  on  the  circuit,  the  number  of  lamps  between  a  and  0 
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JE^^Jf*  ^.~*%^"2^  ir  R  ^'  *«  =  7»  «»<*  ''<«»  ^  to  c  would  be  36^ 
(28  +  am  =  if  of  16  =  9 ;  thal\g,  the  ground  would  most  likely  be  fooidU- 
tween  the  seventh  and  eighth  lamps,  counting  from  a. 


«  IKinble  Pole  Vane 
il»r  ]»eTlc«  wbere  Botk 
tbe  Same 


Let //be  fuses  In  place  on  a  base, 
r=  potential  of  circuit, 
R  =  resistance  of  Toltmeterf 
V  =  reading  of  voltmeter, 

required  the  resistance  r  across  the  base 

a  a,  to  6  6,. 

Then  r  =  /t^~*'. 


Block  or  Otker 


mmAMWjmxasMMT  or 


FlO.  68. 
KHTAITIiAlXOir  RKAIft. 


TAircK  or  Air  siiScnticwiMive  ayatsm 
iviTH  THB  jpoirsii  on* 


The  following  methods  have  been  devised  by  Dr.  Edwin  F.  Northrup 
for  the  measurement  of  insulation  resistance  of  a  circuit  where  it  is  im- 
practicable to  shunt  off  the  current. 


1.  — Voltmeter  Metliotl* 

Let  A  (Fig.  50)  represent  any  wiring 
system  in  which  A|  and  X2  are  the 
insulation  resistances  between  the  bus- 
bars, Bi  and  Bj  and  the  earth  (the 
Ss  or  water  pipes  being  taken  as  at 
e  potential  01  the  earth).  In  Fig.  59, 
/,  77.  and  777  are  equivalent  diagrams 
in  which  y  represents  the  unknown 
resistance  of  all  the  lamps,  motors, 
etc.,  across  the  line. 

If  direct  current  is  supplied  to  the 
bus-bars,  a  direct-current  voltmeter 
should  be  used.  If  the  current  is 
alternating,  then  an  alternating-cur- 
rent voltmeter  will  be  required.  The 
resistances,  Xi  and  X^,  are  determined 
by  knowing  g.  the  resistance  of  the 
voltmeter,  and  by  taking  three  volt- 
meter readings. 

1st.  Measure  the  voltage,  which 
we  will  call  J?,  across  the  bus-bars 
(Fig.  69)  7. 

2d.  Connect  the  voltmeter  b^ 
tween  the  bus-bar ^  Bi,  and  the  earth 
and  take  its  reading,  which  we  will 
call  Vi  (Fig.  59)  77. 

3d.    Connect    the    voltmeter    be- 


tween the  bus-bar,  J3a,  and  the  earth 
and  take  its  reading,  which  we  will 
call  y,  (Fig.  69)  777. 

If  the  readings  in  either  of  the  two 
latter  cases  are  only  a  fraction  of  a 
scale  division,  then  the  insulation  re- 
sistance is  too  hiah  to  be  measured  by 
this  method  ana  we  maf  resort   to 


I  B, 


W^^^^MWW^MAOXM^^MOXWIWIMOW— <»M"M»M>WMMMW>«» 


5 READS E 


^^ 


B. 


lie, 


f READS  Vl 


■WOW^MWMWWwAwWWMOWIW^ 


Xi X, 


^^ 


B, 


ni^' 


ci 


.KREADSVn 


... -fiYiifnr*vin"iiYririvinnniuii 

Xj  X2  B. 


^^ 


Fio.  59.      Voltmeter  Method* 
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the  Mooad  method  to  be  described.     Havinc  taken  the  above  three  read- 
ings, it  can  be  shown  that 

X.  -  ^<*-^'-^«>-  (2) 

The  enrreBt  /,  which  leaks  to  the  ground  will  bc^ 

B 


/- 


A-i  +  JC, 


For  example,  the  insulation  resistance  of  the  wiring  ssrstem  of  a  large 
3ffioe  building  was  determined  by  means  of  a  Weston  voltmeter,  the  foi« 
lowing  readings  and  imistanoes  were  obtained: 

a   —  12.220  ohms, 
S   -       113  volts. 

Vr"  1  volt. 

Va  -  4  volts. 

^^  _  laao  (113  -  1  -  «)  _  ^^  ^^ 

^^  .   12.M0  (113  -  1  -  4)  _  ^^j,^^  ^^ 

The  above  example  shows  that  where  the  sum  of  the  resistances,  Xi 
and  Xt,  are  not  over  one  or  two  million  ohms,  the  voltmeter  method  is 
■offidently  accurate  for  the  purpoee.  If  one  nde  of  the  line  is  grounded  — 
that  is,  if  Xt  -  O^then  from  (2)^  ^  Yi-^-Vt^  F|.  as  Fi  -  0,  and 
the  method  fails  to  give  Xi. 

EApiessions  (1)  and  (2)  above  are  obtained  as  follows:  Tlie  meaning  of 
the  letters  used  are  indicated  in  /,  //,  and  ///  C^ig.  69),  Ci,  Ca,  etc.,  "^  '- 
currents  and  g  the  resistance  of  the  voltmeter. 


C,- 


x,+   ^^' 


Xt-^g 
c  ^ 


Xt-^g 


g-^Xt    ^        g  *  Xig 

a  +  Xj    '       g  '  Xsg 

• 

HsDoe,  w  have  the  two  relations. 


from  wfaieh  the  vahns  for  X*  and  X\  are  obtained  as  given  above  in  equa- 
tions (1)  and  (2). 

Any  instrument,  as  a  galvanometer,  in  which  the  deflections  are  pro- 
portional to  the  currents,  mav  be  substituted  for  a  voltmeter.  In  such  a 
e^.  If  />,  A.  and  d^  are  deflections  corresponding  to  the  readings  £,  V|, 
and  Fa,  and  u  is  the  total  resistance  in  series  with  the  instrument,  we  have 
ae  before: 

X.  -  g  <P  -^.  -  «<.)  (,) 
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If  two  or  more  eleotrio  lamps  9xe  connected  in  series,  their  reristanoea, 
while  carrsdns  current,  can  be  determined  by  means  of  three  readinsa, 
as  above. 

If  Xg  -•  00,  Vi  -■  0,  and  X,  —  ^-^ — ^ ~t  which  is  the  ordinary  ex- 
pression used  in  measuring  a  resistance  with  a  voltmeter  by  reading  the 
voltmeter  with  the  resistance  in  series  with  it  and  again  with  the  resistance 
cutout. 


n.  —  C^AlTanometer  Method. 


This  method  may  be  used  when  greater  accuracy  is  required  or  when 
the  insulation  resistance  to  earth,  of  at  least  one  side  of  the  line,  is  over  a 
megohm. 

Tiie  wiring  sjrstem  is  represented  in  1  of  Fig.  60,  and  2  of  Fig.  60  gives 
equivalent  circuits. 

The  method  consists  in  connecting  across  the  bus-bars  a  moderately 
iatgh.  resLstance  and  finding  on  this  resistance  a  point,  p,  where  the  poten- 
tial due  to  the  generator  is  the  same  as  that  ot  the  earth,  and  then  with 


FiQ.  60.    Galvanometer  Method. 

the  aid  of  a  sensitive  galvanometer  and  an  external  source  of  E.M.F.,  meas- 
uring the  resistances,  ri  and  r^,  to  earth  in  the  following  manner:  ib  is  a  key 
a.ndS  an  Ayrton  universal  shunt.  This  latter  may  be  omitted  if  the  source 
of  E.M.F.  can  be  varied  in  a  known  manner. 

It  is  evident  from  Fig.  60  that  a  balance  will  be  had  when  r  —  —  i  the 

D       rg 
key,  kt  being  in  its  upper  position.     If  k  is  now  depressed,  the  resistance, 
R,  encountwed  by  the  current  generated  by  the  source,  e,  will  be 


«-<yi  + 


+ 


6  4-  ra      a  +  ri 

. 

where  Qi  is  the  resistance  of  the  galvanometer;  but  in  comparison  with 
ri  and  ra,  oi,  a  anf  b  can  be  neglected,  and 

ri  +  ra 
By  construction,  -^  <—  r  •-  J^T,  a  known  ratio.    From  the  last  two  rela- 

Ti         O 

Uons  we  deduce 

^      R(N  +  l) 
rj  — - 


and 


N 


Taking  d  as  the  deflection  of  the  galvanometer  and  K  as  the  galvano- 
meter constant,  the  current  through  the  galvanometer  is 


e        d         -.      eK 


• 
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K  should  be  defined  as  the  reaiBtanoe  whioh  must  be  inserted  in  drouit 
with  the  galvanometer  f including  its  own  resistance),  so  that  it  will  gire, 
with  one  volt,  a  scale  deflection  of  one  scale  division  at  the  distance  at 
n^ch  the  scale  is  placed  from  the  mirror  during  the  test,  usually  taken 
as  one  meter. 
■  Then  we  will  hare: 

^   ^eKjN  +  l) 

and  r,  -  ^ 

Taking  K  -*  10*  as  an  average  value  for  an  ordinary  D'Arsonval  gal- 
vanometer and  e  »  100,  n  »  2,  and  d  •»  100,  we  have: 

^  _  M^^L^  -  180  m.r.h».. 

,^  _  lOOX^e  +  l)  _  3^  ^^ 

This  eotample  shows  that  a  galvanometer  of  very  moderate  sensibility 
will  meaeure  in  this  wav  a  very  high  insulation  resistance.  If,  on  the  other 
hand,  the  insolation  is  low,  small  battery  power  may  be  used  or  the  defleo- 
tion  of  the  galvanometer  can  be  out  down  to  A.  its*  iij^i  or  ^v^  by  the 
Ayrton  shunt.  The  only  difficulty  likely  to  be  expenenoed  m  applying 
the  above  method  is  that,  while  making  the  teat,  the  relative  values  of  n 
•ad  r^  will  keep  changing,  due  to  motors  or  lights  being  thrown  on  or  off 
the  line.  In  this  event  it  is  only  possible  to  obtain  a  sort  of  average  value 
for  the  resistance  to  earth  of  each  side  of  the  line. 


of  SlectHc  (Ttiraito  la  Bvildteffs. 

In  the  United  States  it  is  quite  common  to  specify  that  the  entire  Installa- 
tion when  connected  up  shall  have  an  insulation  resistance  from  earth  of  at 
least  one  megohm. 

The  National  Code  gives  the  following : 

Hie  wiring  of  any  bnlldlnff  must  test  free  from  grounds :  I.e.,  each  main 
simply  line  and  every  branch  circuit  should  have  an  insulation  resistance  of 
at  least  100,000  ohms,  and  the  whole  installation  should  have  an  insulation 
resistance  between  conductors  and  between  all  conductors  and  the  ground 
(pot  including  attachments,  sockets,  receptacles,  etc.)  of  not  less  than  the 
following: 

Up  to     6  amperes  .  .  4,000,000.  Up  to    200  amperes  .  .  100,000. 

Up  to  10  amperes  .  .  2,000,000.  Up  to    400  amperes  .  .    00,000. 

Up  to  25  amperes  .  .     800,000.  Up  to    800  amperes  .  .    26,000. 

Up  to  60  amperes  .  .     400/)00.  Up  to  1,600  amperes  .  .    12,500. 

Up  to  100  amperes  .  .     200,000. 

AH  cnVouts  and  safety  devices  in  place  in  the  above. 
Where  lamp-sockets,  reoeptaeles,  and  electroliers,  etc.,  are  connected, 
one-half  of  the  above  will  be  required. 
Professor  Jamison's  rule  is : 

Besistanoe from  earths  100,000  X ^'^'J\ . 

number  of  lamps 

Kenape's  rule  is :  ~ 

Resistance  in  megohms  = r n . 

*  number  of  lamps 

A  mla  for  use  in  the  U.  8.  Kavy  is : 

Resistance  =  300,000  X ^'^f'  ^i  >  • 

'  number  of  outlets 
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Institation  of  Electrical  Engineen'  role  la  : 

7900XE.M.F. 


i?- 


nxuuber  of  lamps* 
Phcsnlx  Fire  Office  rule  for  circuits  of  200  yolts  is  that 

the  least  Jg»     12.5megohmg 
number  of  lamps 

TwentT-five  Enfflish  insurance  companies  have  a  rule  that  the  leakage 
from  a  circuit  shall  not  exceed  nivv  P^rt  of  the  total  vorking  current. 

Below  is  a  table  givinff  the  approximate  insulation  allowable  for  circuits 
haying  di£Ferent  loaids  of  lamps. 

For  a  oireoit  haring— 


26  lamps,  insulaHoa  should  exceed 

60  lamps,  insulation  should  exceed 

100  lamps,  insulation  should  exceed 

600  lamps,  insulation  should  exceed 

1000  lamps,  insulation  should  exceed 


600,000  ohms. 
260,000  ohms. 
126,000  ohms. 

26,000  ohms. 

12,000  ohms. 


All-insulation  tests  of  lighting  circuits  should  be  made  with  the  working 
current.    (See  page  80,  voltmeter  test.) 

In  the  following  table  Uppenbom  shows  the  importance  of  testing  with 
the  working  roltaie. 

Table  I.  snows  the  resistance  between  the  terminals  of  a  slate  cut  out. 

Table  n.  shows  the  resistance  between  two  cotton-eorered  wires  twisted. 


1. 

„.     1 

Yolts. 

Mao  ohms. 

Volts. 

11  BO  ohms. 

6 
10 
13.6 
27.2 

68 
63 
46 
24 

6 
10 
16.9 
27.2 

281 
188 
184 
121 

Me— ring  tlie  ]Jnaiil»iiOB  of  Hjh 

The  same  formula  as  that  used  for  measuring  high  resistances  (see  Fig. 
65)  applies  equally  well  to  determining  the  insulation  of  dynamo  conductors 
from  tne  iron  body  of  the  machine. 


Fio.  61. 


(Connect,  as  in  Fig.  No.  61 »  all  symbols  baring  the  same  meaning  as 
before. 
I«et  r  =  insulation  resistance  of  dynamo,  then 


r=«(^-l). 


MBA8UBIKO  IKSULATION   RKSISTANCX. 
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Where  motors  are  connected  to  Isolated  plant  oiroait*  with  known  high 
InsnlAtion,  the  formula  used  for  InsiQation  of  dynamos  applies ;  but  where 
the  motors  are  connected  to  public  circuits  of  questionable  insulation  It  is 
necessary  to  first  determine  the  circuit  insulation,  which  can  be  done  by 
using  the  connections  shown  in  Fig.  6d.  Fig.  62  shows  the  connections  to 
motor  for  determining  its  insulation  by  current  from  an  operating  circuit. 


Fig.  68. 
Here,  as  before,  the  insulation  r  ot  the  total  connected  devices  =: 

If  r  =r  total  resistance  of  circuit  and  motor  in  multiple  to  ground,  and  r, 
is  the  Insolation  of  the  drouit  from  ground,  then  JT,  the  insulation  of  the 

r,xr 


motor  will  be 


JC= 


In  Oia  following  figure  (No.  68),  let  ^  be  the  cell  or  battery  whose  reslstaaee 

is  to  be  measured,  a  be  a  switch,  and 
,  r  a  suitable  resistance. 

^k  ZZZZZTi    ^^  ^  =  ***®  reading  of  yoltmeter 

'  *  '  with  the  key,  K,  open 

Vthis  is  the  E.M.F.  of  the 
battery),  and 
F^  =  the  reading  of  Toltmeter 
with  key,  Jt,  closed  (this 
is  the  drop  across  the  re- 
FIO.  61.  sistance  r). 

Then  the  battery  resistance 

F—  V 
r,ssrx — p— ^ohms. 

The  same  method  can  be  used  to  measure  the  internal  resistance  of 

dynamos.     An  ammeter  may  be  connected  in  the  r  circuit,  in  whidi  case 

V  —  Vi 
Ti  ■■ = — *  where  /  is  the  reading  in  amperes. 


€}mmAu€Mrity  wttli  m  HilllToItMotor. 

This  is  a  quick  and  convenient  method  of  roughly  comparing  the  conduc- 
tirity  of  a  sample  of  metal  with  that  of  a  standuxlpiece. 

In  Fig.  64,  J?  is  a  standard  bar  of  copper  of  100%  conductivity  at  70»  F.; 
this  bar  may  be  of  convenient  length  for  use  in  the  clamps,  but  of  known 
cross  section.    X  is  the  piece  of  metal  of  unknown  conductivity,  but  of  the 
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same  orou  section  ms  the  standard,  i?  is  a  source  of  steady  current,  and  if 
a  storage  Iwttery  is  available  it  is  much  the  better  for  the  purpose,  if  is  a 
miUlToTtmeter  with  the  contact  derice  d.  The  distance  apart  of  the  two 
points  may  be  anvthinff,  so  long  as  it  remains  unaltered  and  will  go  between 
the  clamps  on  either  of  the  bars. 

Now  with  the  current  flowing  throu^  the  two  bars  in  serlet  the  fall  of 
potential  between  two  points  the  same  distance  apart  and  on  the  same  flow* 


Fio.  Oi. 

line  will,  on  either  bar,  be  in  proportion  to  the  resistance,  or  in  inverse  pro- 
portion to  the  conductivity ;  therefore  by  placing  the  points  of  d  on  the  bm 
In  succession,  the  readings  of  the  millivoltmeter  will  give  the  ratio  of  the 
conductivities  of  the  two  pieces. 

For  example : 
if  the  reading  from  /?  r=  200  millivolts, 

and  the  reading  from  JT  =  205  millivolts, 

then  the  percentage  conductivity  of  X  as  compared  with  R  is 

206 :  200 : :  100 :  conductivity  of  X, 


or 


^^miaxv. 


MAGNETIC  FROPBBTIBS  OP  IBON. 

BSYISED  BY  TOWSSSJSD  WOLOOTT. 

With  «  glTen  ezeltation  the  flax  #  or  floz-deBalt/(Bof  an  eleetromagiMl 
irlll  depend  upon  the  anallty  of  the  iron  or  steel  ox  the  oore,  and  ia  nsoidly 
rated  as  oompAred  irltn  air. 

If  a  soIeiKnd  of  wire  be  traTersed  with  a  current,  a  certain  number  of 
magnetie  lines  of  force,  JC*^^  ^  developed  per  square  centimetre  of  the 
core  of  air.  Nov,  if  a  core  of  iron  be  thmst  into  the  coll,  tahina  the  plaoe  of 
the  air,  many  more  Unes  of  force  will  flow ;  and  at  the  centre  ox  the  solenoid 
these  wUl  be  equal  to([g  lines  per  square  centimetre. 

As  iron  or  steel  Tarles  considerably  as  to  the  number  of  lines  per  square 
centimetre  (B  which  it  wlU  allow  to  traverse  its  body  with  a  given  excitation, 
its  eonduotivity  towards  lines  of  force,  which  is  called  its  permeabUUy,  is 
nomtflcally  represented  by  the  ratio  of  the  flux-density  when  the  core  is 
present,  to  the  flux-density  when  air  alone  is  present.  This  permeability 
u  represented  by  it,. 

The  permeability  ii  of  soft  wrought  iron  is  greater  than  that  of  cast  iron ; 
and  that  for  mild  or  open-hearth  annealed  steel  castings  as  now  made  for 
dynamos  and  motors  is  nearly,  and  in  some  cases  quite,  equal  to  the  best 
soft  wrought  iroxu 

The  number  of  mametio  lines  that  can  be  forced  through  a  given  oross- 
•ectton  of  iron  depends,  not  only  on  its  permeability,  but  upon  its  satura- 
tion. For  inatanee,  if  but  a  smaU  number  of  lines  are  flowing  throucb  the 
Iron  at  a  certain  excitation,  doubling  the  excitation  will  practically  aonble 
the  Unes  of  force ;  when  the  lines  reach  a  certain  number,  increasing  the 
excitation  does  not  proportionally  increase  the  lines  of  force,  and  an  excita- 
tion may  be  reached  after  which  there  will  be  little  if  any  increase  of  lines 
of  force,  no  matter  what  may  be  the  increase  of  excitation. 

Iron  or  steel  for  use  in  magnetic  circuits  must  be  tested  by  sample  before 
any  aecursto  calculations  can  be  made. 


for  (B-OC  Charrae. 
Average  Pirst  Quality  American  MetaL 
(Sheldon.) 


u5     .a 

Cast  Iron. 

Cast  Steel. 

Wrought  Iron 

Sheet  Metal. 

je 

<2§ 

'^i 

Kllomax- 

wells  per 

sq.  in. 

Kilomax- 

wellfl  per 

sq.  in. 

^1 

Kilomax- 

wells  per 

sq.  in. 

®5| 

9^ 

10 

7.96 

20.2 

4.3 

27.7 

11.6 

74.2 

13.0 

83.8 

14.3 

92.2 

90 

15.90 

40.4 

6.7 

86.8 

13.8 

89.0 

14.7 

94.8 

16.6 

100.7 

30 

23.85 

60.6 

SA 

41  J) 

14.9 

96.1 

15.3 

96.6 

16.2 

104  JS 

40 

31.80 

80.8 

7.1 

46.8 

l5Ji 

100.0 

15.7 

101.2 

16.6 

107.1 

50 

30.75 

101.0 

7.6 

49.0 

16.0 

108.2 

16.0 

103.2 

16.9 

100.0 

00 

47.70 

121.2 

8.0 

61.6 

16A 

106JS 

16.3 

105.2 

17.3 

111.6 

70 

66.65 

141.4 

8.4 

68.2 

16.9 

109.0 

16.5 

106  JS 

17.5 

112.9 

n 

63.e5 

161.6 

8.7 

56.1 

17.2 

111.0 

16.7 

107.8 

17.7 

114.1 

90 

71.60 

181.8 

9.0 

58.0 

17.4 

112.2 

16.9 

100.0 

18.0 

116.1 

100 

79JS0 

202.0 

9.4 

60.6 

17.7 

114.1 

17.2 

110.9 

1S.2 

117.3 

150 

119.26 

303.0 

10.6 

68.8 

ISA 

119.2 

18.0 

116.1 

19.0 

122.7 

an 

150.0 

404i) 

11.7 

76JS 

19.2 

123.9 

18.7 

120.8 

19.6 

126JS 

so 

196.8 

606.0 

12.4 

80.0 

19.7 

127.1 

19.2 

123.9 

20.2 

130.2 

300 

288JS  1606.0 

18.2 

86.1 

20.1 

129.6 

19.7 

127.1 

20.7 

133.6 

OC  =  1.267  ampere  turns  per  cm.  =  .486  ampere  turns  per  inch. 
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III  large  genemfeon,  baTlhff  toothed  urmAtiirM  and  large  flax  densltiw  In 
the  air-gmp,  the  flax  is  earned  ehlefly  hv  the  teeth.  Thi^  retnlte  in  a  very 
bich  tooth  flax  denalty,  and  a  eorreapondingly  redaeed  permeability.  The 
related  Talaea  of  (g,  JC*  and  m  v«  giTen  in  the  following  table.  Theae 
Taluea  are  for  ayerage  American  sheet  metal. 

laMlIU  mt  HIrk  Flax  ]»eMitiM. 


Ampere 

Ampere 

(B 

Kilomax- 

3e 

ToroB  per 

Tama  per 

Kilo- 

wella  per 

M 

cm.  Length. 

Inch  Length. 

gauflses. 

Sqoare  in. 

900 

!.■» 

404 

19.8 

127 

90.0 

400 

318 

808 

21.0 

136 

62.6 

600 

477 

1212 

21 J5 

138 

36.8 

800 

637 

1616 

21.8 

140 

27.3 

1000 

796 

2020 

22.0 

142 

22.0 

1200 

9M 

2424 

22.3 

144 

1.8 

MOO 

1113 

2828 

22Ji 

145 

1.6 

^VAXKTISS    OF    UOJV    AlVD    SXSKX. 

The  methods  of  determining  the  magnetic  value  of  iron  or  steel  for  elec- 
tro-magnetic purposes  are  divided  by  Prof.  S.  P.  Thompson  into  the  follow- 
ing elaases  :  Magneiometrict  Balance^  Ballistic^  and  Traction. 

The  first  of  these  methods,  now  no  longer  used  to  any  extent,  consists  in 
ealeolatins  the  magnetixation  of  a  core  from  the  deflection  of  a  magneto- 
meter needle  placed  at  a  fixed  distance. 

In  the  Balance  class,  the  deflection  «of  the  magnetometer  needle  is  bal* 
anced  by  known  forces,  or  the  deflection  due  to  the  difference  in  magnetiza- 
tion of  a  known  bar  and  of  a  test  bar  is  taken. 

The  Ballistic  method  is  most  frequently  used  for  laboratory  tests,  and  for 
ioch  cases  as  reqnire  considerable  accuracy  in  the  results.  There  are  really 
two  ballistic  methods,  the  liina  method  and  the  Divided-bar  method. 

In  either  of  these  methods  the  ballistic  galvanometer  is  used  for  measur- 
ing the  currents  induced  in  a  test  coll,  by  reversing  the  exciting  current,  or 
catting  the  lines  of  force. 


ItiMfr  Hetliod.  —  The  following  cut  shows  the  arrangement  of  instru- 
mentsfor  this  test,  as  used  by  Prof.  Rowland.  The  ring  is  made  of  the 
sample  of  Iron  which  is  to  undergo  test,  and  la  uniformly  wound  with  the 


MUJSTie 


Vttk  2.    Oonnectlons  for  the  Bing  Method.  > 

exdting  eoil  or  elrcait,  and  a  small  exploring  ooil  is  wound  over  the  exelt* 
ing  couat  one  point,  as  shown.  The  terminals  of  the  latter  are  connected 
to  the  ballistic  galvanometer. 
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The  method  of  making  » test  Is  am  f oUoira  :  — 

The  resistance,  R^  Is  adjusted  to  give  the  highest  amount  of  exciting  cur- 
rent. The  reversing  switch  is  then  commutated  several  times  with  the  sal- 
vanometer  disconnected.  After  connecting  the  galvanometer  the  switcn  is 
soddenly  reversed,  and  the  throw  of  the  galvanometer,  due  to  the  reversal 
of  the  oirection  of  magnetic  lines,  is  recorded.  The  resistance,  £,  is  then 
adiusted  for  a  somewhat  smaller  current,  which  is  again  reversed,  and  the 
galvanometer  throw  again  recorded.  The  test  Is  carried  on  with  various 
exciting  currents  of  any  desired  magnitude.  In  every  case  the  exciting  cur- 
rent and  the  corresponding  throw  of  the  galvanometer  are  noted  and 
recorded. 

If        i  =  amperes  flowing  in  the  exciting  coil, 
n.  =  number  of  turns  of  wire  in  exciting  coil, 
I  =  length  in  centimetres  of  the  mean  circumference  of  the  ring, 
then  the  magnetising  force 


If 


If 


3C=^X^or  1.267  X^- 

P  =  length  of  the  ring  In  inches,  then 

B  =  the  throw  of  the  galvanometer, 
jr=:  constant  of  the  galvanometer, 
B  =  resistance  of  the  test  coll  and  circuit, 
«,  =  number  of  turns  in  the  test  coil, 
a  =  area  of  cross-section  of  the  ring  in  centimetres,  then 


(B  = 


10^  RK$ 
2  an^ 


To  determine  JT,  the  constant  of  the  galvanometer,  discharge  a  condenser 
of  known  capacity,  which  has  been  charged  to  a  known  voltage,  through  it, 
and  take  the  reading  9^,  then 

If       c  =  capacity  of  the  condenser  in  microfarads, 

e  =  volts  pressure  to  which  the  condenser  is  charged, 

then  the  quantity  passing  through  the  galvanometer  upon  discharge  in 

coulomb,  i.  Q=  p^, 

and  the  galvanometer  oonstant 

c  e 


K  = 


1,000,000  «>' 


HANOLI 


]Hvlded-B»r  IHetliod.— As  it  is  often  inconvenient  or  impossible  to 
obtain  samples  in  the  form  of  MmioM  m       am^itir 

a  ring,  and  still  more  incon-  ^  ^^,  ^^ 

venient  to  wind  the  coils  on  it,  .  j^ 

Hopkinson    deviled  the  di-  «*■      ^    ^ 

vided-bar  method,  in  which 
the  sample  is  a  long  rod  V* 
diameter,  inserted  in  closely 
fitting  holes  in  a  heavy 
wrought  iron  yoke,  as  shown 
in  Fig.  S. 

In  tne  cut  the  exciting  eoils 
are  in  two  parts,  and  receive 
current  from  the  battery  and 
through  the  ammeter,  resist- 
ance, and  reversing  switch, 
as  shown. 


TEST 
OOIL 
VTO* 

M.USTIO 


Fig.  3.    Arrangement  for  Hopklnson's  di- 
vided-bar method  of  measuring  permea- 
I  Buown.  bility.  .      _  . 

The  test  bar  is  divided  near  the  centre  at  the  point  indicated  in  the  cut, 
and  a  small  light  test  coil  is  placed  over  it,  and  so  arranged  with  springs  as 
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to  be  thrown  olaar  ovt  of  the  yoke  ▼hen  reloMed  by  pnlUng  out  lb*  looM 
«Dd  of  the  test  bar  by  the  handle  shown. 

In  operation,  the  exciting  current  is  adiusted  by  the  resistance  R^  the  test 
bar  suddenly  pulled  ont  by  the  handle,  tnns  releasing  the  test  coil  and  pro- 
dneing  a  throw  of  the  galranometer.  As  the  current  is  not  rerersed,  the 
induced  pressure  is  due  to  Wonly,  and  the  equation  for  O&is 


3e=BX^*  =  lJBTl5^*. 


Where  X  =  the  mean  length  of  the  test  rod  M  diovii  In  the  out. 

In  using  the  divided-bar  method,  a  correction  must  be  made,  for  the  rea- 
son that  the  test  coil  is  much  larger  than  the  test  rod,  and  a  number  of 
lines  of  force  pass  through  the  coil  that  do  not  through  the  rod.  This  cor- 
rection can  easily  be  determined  by  taking  a  reading  with  a  wooden  test 
rod  in  place  of  the  metal  one. 

An  examination  of  the  cut  will  show  that  the  bar  and  yoke  can  also  be 
used  for  the  method  of  reversals.  _       ^«^«,,,  .,-„ 

Manctic  Saoare  M««liod.~-0.  F.  C.  Searle  (Jourtud  I.  B.  E., 
DeoemDer,  1904),  nas  suggested  another  method  of  avoiding  the  use  of  the 
Bowiand  ring  arrangement.  The  apparatus  consists  of  a  square,  with  strips 
laid  overiapping  at  the  edges.  To  obtain  accurate  results,  the  dimensions 
cf  the  square  must  be  laige,  as  compared  with  the  width  of  the  strips.  The 
same  is  true,  but  in  a  somewhat  leas  degree,  with  the  Rowland  ring. 
According  to  A.  Press,  when  the  relative  dimensions  are  correctly  adjusted 
iht  bailutic  galvanometer  will  give  repeatable  results,  if  the  iron  be  firet 
effeotiTely  demagnetized  by  means  of  an  alternating  current  gradually 
redueed  to  sero,  and  then  subjected  to  a  series  of  reversals,  from  50  to  200 
with  normal  magnetising  current,  before  actual  readings  are  taken. 


nie  followlag  cut  shows  tile  method  with  sufflcient  clearness.   A  heavy 
yoke  of  wrought  iron  has  a  small  hole  in  one  end  through  which  the  test 

rod  is  pushed,  through  the  exciting  coil 
shown,  and  against  the  bottom  oi  the 
yoke,  which  is  surfaced  true  and  smooth, 
as  is  the  end  of  the  test  rod. 

In  oi>eration,  the  exciting  current  is  ad- 
lusted  bv  the  resistance  J{,  and  the  spring 
balance  is  then  pulled  until  the  sample  or 
test  rod  separates  from  the  yoke,  at  which 
time  the  pull  in  pounds  necessary  to  pull 
ttiem  apart  is  read.   Then 


VOKS 

twtften 


(B=  1.817  X   l/?  +  ^- 


9tO.  4. 


Where  P  =  pull  in  pounds  as  shown  on 
the  balance, 

.<4  =  areaof  contact  of  the  rod 
and  yoke  in  square  inches. 
JC»  found  as  in  the  Hopklnson  method 
precMMling  this. 

Following  is  a  description  of  a  practical  adaptation  of  the  permeameter  to 
shop-work  as  used  in  the  factory  of  the  Westinghouse  Electric  and  Maaa- 
fteturingCk).  at  Pittsburgh,  Pa. 


8.  P.  Tliompsoii't  per- 
meameter. 
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DSSIGK  AlTD  Descbiptiok  pbbpabed  bt  Mb.  C.  E.  Skikvbb. 

A  method  of  measuring  the  permeability  of  iron  and  ateel  known  aa  the 
"  Permeameter  Method  *^was  deriaed  by  Prof.  SilTanua  P.  Thompson,  and  is 
baaed  on  the  law  of  traction  as  enunciated  by  Clerk  Maxwell.  According  to 
this  law  the  pull  required  to  break  any  nnmSer  of  lines  of  force  varies  as  the 
square  of  the  number  of  lines  broken.  (A  complete  discussion  of  the  theory 
of  the  permeameter,  with  the  derivation  of  the  proper  formula  for  calculating 
the  results  from  the  measurements  will  be  found  in  the  **  Electro  Magnet, 
by  Prof.  S.  P.  Thompson.) 

A  permeameter  which  has  been  in  use  for  several  years  in  the  laboratory 
of  the  Westinghouse  Electric  and  Manufacturing  Company,  and  which  has 
given  excellent  satisfaction,  Is  shown  in  Figs.  5  and  6.  The  yoke,  ^, 
consists  of  a  piece  of  soft  iron  7"  z  8V'  z  2|",  with  a  rectangular  open- 
ing in  the  center  2^"  z  4".  The  sample,  X,  to  be  tested  is  f '  in  diam- 
eter  and  ly  long,  and  is  Introduced  into  the  onening  through  a  I"  hole  in  the 

i^oke,  as  shown  in  the  drawing.  The  test  Bample  is  finished  very  aocuratelyto 
f'  in  diameter,  so  that  it  makes  a  very  close  fit  in  the  hole  in  the  yoke.  The 
ower  end  of  the  opening  in  the  yoke  and  the  lower  end  of  the  sample  are 
accurately  faced  so  as  to  make  a  perfect  Joint.  The  upper  end  of  the  sam- 
ple is  tapped  to  receive  a  ^'  screw  |'^  long,  twentv  threads  per  inch,  by 
means  of  which  a  spring  balwice  Is  attached  to  it.  The  magnetizing  coil.  C, 
is  wound  on  a  brass  spool,  S,  Af'  long,  with  the  end  flanges  turned  up  so  tnat 
it  may  be  fastened  to  the  yoke  by  means  of  the  screws.  The  axis  of  the  coil 
coincides  with  the  axis  of  the  yoke  and  opening.  The  coil  has  flexible  leads, 
which  allow  it  to  be  easily  removed  trom  the  opening  for  the  inspection  of 
the  surface  where  contact  is  made  between  the  yoke  and  the  test  sample. 

The  spring  balance,  F^  is  suspended  from  an  angle  iron  fastened  to  the  up- 
right rack,  7,  which  engages  with  the  pinion, «/.  The  balance  is  suspended 
exactly  over  the  centre  of  the  yoke  through  which  the  sample  passes,  to 
avoid  any  side  pull.  A  sprlns  bulf er,  Ky  is  provided,  which  allows  perfectly 
free  movement  of  the  link  holding  the  sample  for  a  distance  of  about  V'^ 
and  then  takes  up  the  jar  consequent  upon  the  sudden  release  of  the  sample. 
The  frame,  J?,  which  supports  the  pulling  meehanlsm,  is  made  of  brass,  and 
has  feet  cast  at  the  bottom,  by  means  of  which  the  complete  apparatus  is 
fastened  to  the  table.  Two  spring  balances  are  providedT  one  reading  to  30 
lbs.  and  the  other  to  100  lbs.  These  spring  balances  are  of  special  construc- 
tion, having  comparatively  Ions  scales.  (They  were  originally  made  self- 
registering  ;  but  this  was  found  unnecessary,  as  a  reading  could  be  taken 
wuh  greater  rapidity  and  with  sufficient  accuracy  without  the  self-register- 
ing mechanism^  Any  eood  spring  balance  may  be  used.  The  spring  snould 
be  carefully  calibrated  from  time  to  time  over  its  whole  range ;  and  if  there 
is  a  correction  it  will  be  found  convenient  to  use  a  calibration  curve  in  cor- 
recting the  readings.  With  a  sample  \*'  in  diameter,  or  |  of  a  square  inch 
area  cross-section,  the  maximum  pull  required  for  cast  iron  is  about  25  lbs., 
and  for  mild  cast  steel  about  70  lbs. 

With  the  number  of  turns  on  the  coll  given  above,  the  current  required 
for  obtaining  a  magnetizing  force  of  3C=  900,  is  about  12.6  amperes.  This 
is  as  high  a  value  as  is  ever  necessary  in  ordinary  work.  For  furnishing  the 
current  a  storage  battery  is  ordinarily  used,  and  the  variations  made  by 
means  of  a  lamp  board  which  has  in  addition  a  sliding  resistance,  so  that 
variations  of  about  .01  ampere  may  be  obtained  over  the  full  range  of  our* 
rent  from  0.1  ampere  to  12.5  amperes. 

The  operation  of  the  permeameter  is  as  follows :  — 

The  sample  to  be  tested  is  first  demagnetized  by  introducing  it  into  the 
field  of  an  electro-masnet  with  a  wire  core,  through  which  an  alternating 
current  is  passing,  ana  gradually  removing  it  from  the  field  of  this  electro- 
magnet. The  sample  is  then  introduced  into  the  opening  in  the  yoke,  care 
being  taken  to  see  that  it  can  move  without  friction.  Measurements  are 
taken  with  the  smallest  current  to  be  used  first,  gradually  increasing 
to  the  highest  value  desired.  In  no  case  should  a  reading  be  taken  with  a 
current  of  less  value  than  has  been  reached  with  the  sample  in  position, 
unless  the  sample  is  thoroughly  demagnetized  again  before  reading  is  taken. 
It  is  usually  most  convenient  to  make  each  successive  adjustment  of  cur- 
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not  vlth  tbs  umpls  oul  of  podtlDn.  then  lotruduce  tbe  iiainplB  anil  gire  It 
■  tiiKliitn.tolimiropBrfeoteonUclbelireentheismplBMiil  thBToko.  The 
lower  oad  of  the  ismple  uid  the  aurfBce  un  uhtch  ft  rests  eboald  be  cue- 
fnlly  Inspected  to  ■««  that  no  forelga  mattiir  of  any  kind  La  prwent  irhleh 
might  introdutTS  sarloug  error*  In  tba  meaaurement*.  The  pull  i»  made  b* 
tBming  the  piulon  slowly  by  meaiM  of  a  baadlB,  £,  iivetully  noting  eaeh 


©m 

1 

^  0 


i 


poaltkmot  theiE 


le  nprlng  bilanee  aa  It  advancei  o' 


(ban  IXiajKl  M  (beaqnaie  root  of  the  pall  !■  ts 
qnlle  unall,  eapeolally  «l(h  higb  readlugi. 


; 
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ir  tho  mboTe  pormeBmvtAr  la  obtalnod  hj 

The  magtietUltig  force  X  —  ^j- 

reHi^nDnitNiT  ot  tnmi  In  the  nugDetUliig  oo1]=;323, 
Isoiu-reDt  iu  unpern, 
l^lonffth  of  mjunet^  otrDUit  hi  o 
- —  -1*  iltT 


rhe  number  of  111 

•  ofloroepe 

iqnkrsoan 

IneUr 

(B  =  1^7 

V^  +  5C- 

Thar*  P= pull 

3C  =  «l.r 

elll-X'e 

u'^^orce 

chee= 
forth 

o.ai«». 

pull 
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SabstltnUng  the  VAlae  of  ^  in  the  above  formula  we  bava 

(B  =  2,380  Vp -I- 3e 

Tliere  are  sereral  soureee  of  error  in  measurements  made  br  the  permea- 
meter  which  should  be  carefully  considered,  and  eliminated  as  far  as  possible. 

a.  The  unaToidable  air  gap  between  the  sample  and  the  yoke  where  it 
passes  thronsh  the  hole  in  tne  upper  part  of  the  yoke,  together  with  the 
more  or  less  Imperfect  contact  at  tne  lower  end  of  tne  sample,  increases  the 
magnetic  reluctance  and  introduces  errors  for  which  it  is  impossible  to  make 
due  allowance.  By  careful  manipulation,  howcTer,  these  can  be  reduced 
to  a  minimum,  and  be  made  practically  constant. 

6.  As  the  niagnetization  becomes  greater  the  leakage  at  the  lower  end  of 
the  sample  increases  more  rapidly;  and  there  is  considerable  error  at  very 
high  values  from  this  source,  as  tne  leakage  lines  are  not  broken  with  the 
rest. 

c.  Errors  in  the  calibration  and  reading  of  the  spring  balance.  None 
but  the  best  quality  of  spring  balance  should  be  used,  and  the  average  of 
several  readings  taken  with  the  current  remaining  perfectly  constant  for 
each  point  on  the  (B-JC  eurve.  As  the  square  root  of  the  pull  is  taken,  the 
errors  due  to  reading  tne  spring  balance  make  a  larger  and  larger  percent- 
age error  in  (g  as  /*  approaches  sero,  thus  preventing  accurate  determina- 
tions being  made  at  the  beginning  of  the  curve. 

From  the  above  it  will  be  seen  tfiat  the  permeameter  is  not  well  adapted 
for  givins  the  absolute  values  of  the  quality  of  iron  and  steel,  but  is  especially 
suitable  for  comparative  values,  such  as  are  noted  in  ordinary  work,  where 
a  larso  number  of  samples  are  to  be  quicUy  measured.  A  complete  eurve 
ean  be  taken  and  plotted  in  ten  minutes.  Hy  suitable  comparison  of  known 
samples  measured  by  more  accurate  methods,  the  permeameter  readings  may 
be  evaluated  to  a  suflldent  degree  for  use  in  the  calculations  of  dynamo 
deetric  machinery. 


Thim  instrument  is  designed  to  enable  one  to  test  the  ma|paetic  Quality 
of  iron  or  steel  magnet  castings  and  forgings  under  commercial  conditions, 
by  drilling  it  with  a  special  drill.  A  testing  plug  is  inserted  in  the  hole 
thus  drilled  and  the  magnetisation  or  permeability  is  then  directly 


Fig.  7. 

ured  on  an  inatniment  attached,   without  any  calculations,  by  simply 
throwiiy  over  a  reversing  switch. 

Fig.  7  shows  the  spedal  form  of  drill  en^iloyed.  It  has  four  cutting 
edges  at  Uie  lower  end,  which  cut  a  cylindrical  hole  in  the  specimen.  The 
dnll  is,  however,  made  hollow,  so  that  a  thin  rod  or  pin  of  the  material  is 
left  standing  in  the  center  of  the  hole,  as  shown  in  Fig.  8,  which  shows  a 
east  steel  pole  piece,  and  some  small  specimens  of  iron  and  steel  actuallv 
drilled.  In  addition,  cutting  edges  are  provided  at  the  top  of  the  drill, 
m^eh  give  a  conical  shape  to  the  top  of  the  hole  drilled.  The  hole  is 
about  f  in.  deep  and  i  in.  in  its  largest  diameter,  while  the  pin  is  t^  in.  in 
diameter.  Buen  a  hole  may  be  drilled  in  any  position  where  a  bolt  hole  is 
afterwards  to  be  made  in  the  back  of  a  pole  piece,  or  face  of  a  joint,  or 
otherwise  In  projeetions  left  specially  for  the  purpose,  which  may  be  cut 
off  the  easting  or  foiging  on  dwivery  and  sent  to  the  test  room. 
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It  IS  to  be  observed  that,  in  practice,  conBiderable  variatiooa  in  the  mag- 
netic density  taJce  phtce  in  parte  where  the  mametomotive  force  ie  a  con- 
stant, due  to  the  dinerenecB  in  the  lenftha  of  the  lines  of  flux.  This  will  not 
only  affect  the  measured  hysteresis  losses,  but  the  eddy  currents  as  well. 
For  this  reason,  machines  of  geometrically  different  form  jnil  not  obey 
quite  the  same  law  of  losses.  Considerable  question  has  been  raised 
reeBuriinic  the  constancy  of  the  hysteresis  index.  According  to  A.  Press, 
the  experiments  of  Moixiey  and  Hansard  with  transformer  iron  imply  that 
the  hysteresis  index  for  the  range  taken  should  be  at  least  2.  Lancelot 
Wild  gave  the  index  as  2.7  for  densities  varying  from  (B  -  200  to  (ft -400, 
W.  E.  Sumpner  states  that  the  index  varies  1.47d  to  2.7,  depending 
upon  the  razuns  of  the  density,  and  Prof.  Ewing  gives  the  index  as  varying 
from  1.9  to  2  with  densitiee  (B  -  200  to  (ft  -  500,  depending  upon  the 
sample. 

BystcreMc  GoaeteMts  for  ]»ICer«»t  M»torl»la. 


Material. 

Htbterbtic  Constant. 

Best  annealed  transformer  sheet  metal     .    . 
Very  soft  iron  wire 

.001 
.002 

TUn  good  sheet  iron 

.003 

ThidT'sheet  iron 

.0033 

Most  ordinary  sheet  iron 

TVansformer  cores 

.004 
.003 

Boft  annealed  cast  steel *   . 

.008 

Soft  machine  steel 

.0004 

Cast  steel 

.012 

CWrt  iron 

.016 

Hardened  cast  steel 

.025 

Hjaterf>ete  Mtomm  Factors. 


fflu« 

(ft_>..l.S 

i»(B,^i.. 

inCiausses. 

*'*'«l«B 

1}-  0.002 

11-0.003 

If -0.004 

1.000 

63.100 

126 

189 

252 

2.000 

191,300 

382 

673 

766 

3,000 

366,900 

731 

1.096 

1.463 

4.000 

680.000 

1.160 

1,740 

2,320 

6,000 

828.800 

1,657 

2.486 

3.316 

6,000 

1,111,000 

2,222 

3.333 

4,444 

7.000 

1,420,000 

2.840 

4,260 

6.680 

8.000 

1,758,000 

3,616 

6.274 

7.032 

9.000 

2,122.000 

4.244 

6.366 

8,488 

10,000 

2,611.000 

6.022 

7,633 

10.044 

Eddy  CurreniM  are  the  local  currents  in  the  iron  core  caused  by  the  E.M.F.'s 
generated.by  moving  the  cores  in  the  field,  and  increase  as  the  square  of  the 
number  of  revolutions  per  second.  The  cure  is  to  divide  or  laminate  the 
core  00  that  currents  cannot  flow.  These  currents  cause  heating,  and  unless 
the  core  be  laminated  to  a  i^reat  degree  are  apt  to  heat  the  armature  core  so 
much  as  to  char  the  insulation  of  its  windings. 

Wiener  gives  tables  showing  the  losses  by  Hysteresis  and  Eddy  currents 
at  one  cycle  per  second,  under  different  conditions.  These  are  changed 
into  any  number  of  cycles  by  direct  proportion.  The  formula  for  eddy 
current  loss  is: 

p.  -  42  (ft"2  ef*  10-", 

in  which  P*  —  watts  per  cu.  in..  (ftiMv"  —  maximum  value  of  the  magnetic 
density  per  sq.  in.,  t  —  thickness  of  plate  in  mils,  am'  /—frequency. 
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I.0« 

.0023 

66  000 

14,68 

.0305 

22.02 

.0458 

islooi 

1.37 

20,000 
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25  000 
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:owo 

fiyiouo 
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23:B4 
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30.000 
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0t«lM»j*0f •p  Metkod  of  Hjateresto 

The  sAinplw  for  hystereels  tests,  being  generally  of  sheet  iron,  are  made 
tn  the  form  of  annular  disks  whose  inner  diameters  are  not  less  than  |  of 
their  external  diameter.  A  number  of  these  di»ks  are  stacked  on  top  of 
eaeh  other,  and  the  composite  ring  is  vonnd  with  one  layer  of  wire  form- 
hig  the  magnetizing  coll  of  n,  turns.  This  coil  is  connected  through  a  re> 
vening  switch  to  an  ammeter  in  series  with  an  adjustable  resistance,  and  a 
storage  battery.  A  secondary  test  coil  of  «s  turns  Is  connected  with  a  bal- 
listle  galTancnneter,  as  shown  in  Fig.  10. 

■MJIANOMCTU 


T_3 


8WTTCM 

FlO.  10. 


Tk>  make  the  test,  adjust  the  resistance  for  the  maximum  ezelting  current. 
Bereree  tiie  switch  several  times,  the  galvanometer  being  disconnected. 
Then  connect  the  galvanometer,  and  reduce  the  current  bv  moving  the  con- 
tact arm  of  the  rheostat  up  one  step.  This  rheostat  must  oe  so  constructed 
that  an  alteration  in  resistance  can  be  made  toithotU  opening  the  circuit  even 
for  aninetant.  Note  the  throw  in  the  galvanometer  corresponding  to  the 
change  in  exciting  current.  Follow  tms  method  by  changing  resistance 
step-by-etep  until  U&e  current  reaches  zero.  Reverse  the  direction,  and  in- 
erease  step-by-step  up  to  a  maximum  and  then  back  again  to  zero.  Reverse 
once  more,  and  increase  step-by-step  to  the  original  maximum.  In  every 
ease  note  and  record  the  value  of  the  exciting  current  i,  and  the  corre- 
sponding throw  of  the  galvanometer,  ».  Form  a  table  having  the  following 
heaiUngs  to  its  columns :  — 

i,  JC,  »,  change  of  (R,  (R. 

Values  of  If  are  obtained  from  the  formula, 

JC  =    iq]  •  when  I  =  average  circumference  of  the  test  ring. 

Change  of  (Ble  obtained  by  the  formula, 

an^     ' 

where  all  letters  have  the  same  significance  as  in  the  formula  on  page  92. 
Remember  that  we  started  in  our  test  with  a  maximum  unknown  value  of  (g, 
and  that  we  gradually  decreased  this  by  steiw  measurable  by  the  throw  of 
the  galvanometer,  and  that  we  afterwards  raised  theffiin  an  opposite  direc- 
tkm  to  the  same  maximum  unknown  value,  and  still  further  reduced  this  to 
zero,  and  after  commutation  produced  the  originiU  maximum  value.  Ac- 
cording to  this,  if  due  consideration  be  paid  to  the  sign  of  the  (j^  which  is 
determined  by  the  direction  of  the  nlvanometer  throw,  the  algebraic 
sum  of  the  chaioges  in  (B  should  be  equal  to  zero ;  the  algebraic  simi  of  the 
first  or  second  half  of  the  changes  in  (R  should  be  equal  to  twice  the  value 
of  the  original  maximum.(|^  Taking  this  maximum  value  as  the  first  under 
the  column  of  the  table  headed  (S^  and  applying  algebraically  to  this  the 
ehangeslnOo  for  successive  values,  we  obtain  the  completed  table.  Plot 
a  curve  of  5Cand(]^.  The  area  enclosed  represents  the  energy  lost  in  carry- 
ing the  sample  throu^  one  cycle  of  magnetization  between  the  maximum 
11™^^  -(-(^And  —  (S>  Jffeasure  this  area,  and  express  it  in  the  same  units  as 
Is  employed  for  the  co-ordinate  axes  of  the  curve.    This  area  divided  by  4ir 
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girea  the  niimber  of  em  of  work  performed  per  cycle  upon  one  cnbio  centi- 
meter of  the  iron,  the  mduction  being  carried  to  the  limits  +  (&and  — (R. 

Tke  irattmei«r  Hetliod  of  HystoresU  Tent*. 

Inagmnch  m  the  iron,  a  sample  of  which  is  submitted  for  test,  is  generally 
to  be  employed  in  the  manufacture  of  alternating-current  apparatus,  it  la 
desirable  to  make  the  test  as  nearly  as  possible  under  working  conditions. 
If  the  samples  be  disks,  as  in  the  previous  method,  and  these  be  shellacked 
on  both  sides  before  being  unitea  into  the  composite  test-ring  in  order  to 
avoid  as  much  as  possible  foucault  current  losses,  the  test  can  be  quickly 
made  according  to  the  method  outlined  in  the  following  rf<agr«n^ ; 


ALTIRNAT 


Fig. 


WATTMETER 


mdl  m 


Wattmeter  Test  for  Hyateretio  Gbnatant. 


Alternating  current  of/ cycles  per  second  is  sent  through  the  test-ring. 
Its  voltage,  Et  and  current  strength,  t,  are  measured  by  the  altematiuK- 
current  voltmeter,  V,  and  ammeter,  A.  If  r  be  the  resistance  of  the  test- 
ring  coll  of  n.  turns,  then  the  watts  lost  in  hysteresis  fT,  is  equal  to  the 
wattmeter  reading  W  —  iV.  if  the  volume  of  the  iron  be  V  cubic  centi- 
meters, and  the  cross  section  of  the  iron  ring  be  a  square  centimeters,  then 
SteinmetE's  hysteretic  constant 


—  ^Q^  ^^  /V2ir  ni/a\^-* 


Foucault  current  losses  are  neglected  in  this 
formula,  and  the  assumption  is  made  that  the 
current  is  sinusoidal. 

JE wlnc'a  JMjatercsla  Teater.  —  In  this  in- 
strument, Fig.  12,  the  test  sample  is  made  up  of 
about  seven  j^eces  of  sheet  iron  f  wide  and  ^' 
long.  These  are  rotated  between  the  poles  of  a 
permanent  magnet  mounted  on  knife  edges. 

The  maffnet  carries  a  pointei  which  moves 
over  a  scale.  Two  standards  of  known  hyster- 
esis properties  are  used  for  reference.  The  de- 
flections corresponding  to  these  samples  are 
plotted  as  a  function  of  their  hysteresis  losses, 
and  a  line  joining  the  two  points  thus  found  is 
referred  to  in  subseauent  tests,  this  line  show- 
ing the  relation  existing  between  deflection  and 
hysteresis  loss.  The  deflections  are  practically 
the  same,  with  a  sreat  variation  in  the  thick- 
ness of  the  pile  of  test-pieces,  so  that  no  cor- 
rection has  to  be  made  for  such  variation.  This 
instrument  has  the  advantage  of  using  easily 
prepared  test  samples. 


Fig.  12. 


Hyatcrcala  Meter,  IJaed  by  Ctoneral  Kl«ctiic  Co. 

DSSiaKED  AND  DESCRIBED  BY  FRAKK  HOLDEN. 


During  the  last  few  weeks  of  the  year  1892  there  was  built  at  the  works  of 
the  General  Electric  Company,  in  Lynn,  Mass.,  under  the  writer's  direction, 
an  instrument,  shown  in  Fis.  13,  by  which  the  losses  in  sheet  iron  were 
determined  by  measuring  the  torque  produced  on  the  iron,  which  was 
punched  in  rings,  when  placed  between  the  poles  of  a  rotating  electro-mag- 
net.   The  rings  were  held  by  a  fibre  frame  so  as  to  be  concentric  with  a 
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ELBCTBOMAGNBTS. 

BXVIBKD  BT  TOWVSBKD  WOLCOTT  AND  PbOF.  8A.KUBL  SHBLDOF. 

Retidual  MagneHtm  is  the  ma^etuation  remaininc  in  a  piece  of  mac- 
netio  material  after  the  magnetising  force  ib  diaoontinued. 

RetenHvenett  is  that  property  oi  magnetizable  materiala  which  ia  meaa- 
nired  by  the  residual  magnetism. 

Coercive  Force  is  the  magnetising  foroe  necessary  to  remove  all  residual 
magnetism. 

^  Permanent  maonetiem  is  residual  magnetism  in  a  material  of  great  coer- 
cive foroe,  as  hard  steel,  which  has  little  retentiveneas;  while  soft  iron  has 
great  retentiveneas  but  little  coercive  foroe. 

The  following  paragraphs  are  oondenaed  from  S.  P.  Thompson's  "The 
Etectromagnet : " 

lei^-MotlTe  Foroe*  — The  magneto-motive  foroe,  or  magnetis- 


•■  ten  amperes  flowing  throngh  one  coil  or  turn. 

iz  n  =  nomber  of  turns  in  the  coil, 
/:=  aa^M^ea  of  current  flowing, 

1.957  =  ^  (to  reduce  to  C.  G.  S.  units). 

Magneto-motive  foroe  =  1.267  x  »/=  $F> 

MmtmmaHj  of  Manotio  Force.  —  Intensity  of  magnetic  force  in  an 
electro-magnet  varies  In  different  parts  of  the  magnet,  being  strongest  in 
the  middle  of  the  coil,  and  weaker  toward  the  ends.  In  a  long  electro-mag- 
net, say  a  length  100  times  the  diameter,  the  intensity  of  magnetic  foroe  wul 
be  found  nearly  uniform  along  the  axis,  falling  off  rapidly  close  to  the  ends. 

In  a  long  magnet,  such  as  deaeribed  above,  and  in  an  annular  ring  wound 
evenly  over  its  full  length,  the  value  of  the  magnetic  force,  JCi  ■*  <loter- 
mined  by  the  following  expression  :~ 

JC=  l*a57  ^,  in  which  ls=  centlmetert. 

If  the  length  is  given  in  inches,  then 

3^=  -496 -f—  t  In  which  l„z:z  inches. 

n  intensity  of  the  magnetic  force  is  to  be  expressed  in  Unea  per  aq.  iBdi, 

3C.,=  3.198  Xj^. 

▼al«e  of  3C  ^t  the  oeatre  of  a  Alairl«-*«VB  of  Coadactor.— 

In  A  single  ring  or  turn  of  wire  of  radius  r,  carrying  /  amperes  of  current 

3C=  ^  X  ^=  .«w  X  ^ 


Force  oa  Goadactor  (carrjiair  carreaf) 
ta  a  Magaetic  Field.  —  A  conductor  carrying 
current  in  a  magnetic  field  is  repelled  from  the 
field  Dv  a  certain  mechanical  force  acting  at  right 
ancles  both  to  the  conductor  itself  and  to  the  llnea 
of  force  in  the  field ;  see  Fig.  1. 

The  magnitude  of  this  repelling  foroe  is  deter- 
mined as  follows,  assuming  the  flela  to  be  uniform : 

JP  =  magnetising  force,  or  intensity  of  the  fleld. 
( =  length  of  conductor  across  the  field  in  cm. 
I,,  =r  ditto  in  inches. 

/=  amperes  of  current  flowing  lu  the  conductor. 
^=  repelling  force. 


Fxo.l.  Action  of  Mag- 
netic Field,  on  Con- 
ductor carrying  cur- 
rent. 


JPln  dynea  =^^ '    i^in  dynes  =%'^^  .  J^In  grains^  ^C'^- 
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Work  «MM  Wf  CmmAmt^mw  (cAriylsr  C«n««t)  te   MOTfagr 

letlc  Field. 


If  the  conductor  described  in  the  preceding  paragraph  be  moved  aoroM 
the  field  of  force,  the  work  done  will  De  determined  as  follows :  in  addition 
to  the  symbols  there  used,  let  b  =  breadth  of  field  in  and  aeross  which  the 
eoodnotor  is  moTed ;  w  =  work  done  in  ergs. 

M  =  area  of  field, 

Jir=  6(  X  ^  =  nnmbar  of  lines  of  foroe  ent, 
NI 


If  a  condnctor  (carrying  current)  be  so  arranged  that  it  can  route  about 
the  pole  of  a  magnet,  the  force  producing  the  rotation,  called  toroiM,  will  be 
determined  as  follows :  The  whole  number  of  lines  of  foroe  radiating  ftom. 
the  pole  will  be  4«  times  the  pole  strength  m. 

Dividing  by  the  angle  2«r,  the  torque^  T,  is 

Evtrjf  tUetric  HnwM  Undi  to  place  Uttif  §o  cu  to  emhraee  the  vuutkmim 


TkBO  electric  oomdtictore  carryifia  eurret^ts  tend  to  place  themselves  in  potmom 
suck  thai  their  mutual  Jtux  may  be  maximum ;  otherwise  stated :  if  two  cur- 
rents run  parallel  and  in  the  same  direction,  each  produces  a  field  of  its 
own,  and  each  conductor  tends  to  move  across  the  other's  field. 

In  two  coils  or  conductors  lyins  parallel  to  each  other,  as  in  a  tangent  gal« 
ranometer,  the  mutual  foroe  yancs  directly  in  proportion  to  the  product  of 
their  respectire  n/,and  inrersely  as  the  axUl  distance  they  are  apsxt. 


PriBMlpl«  or  tlio  IHagmotlc  Clrc«lt.  —The  resistance  that  a  mag- 
netic eiremt  offers  to  the  oassage  or  flow  of  magnetic  lines  of/&ree  or  /mx^ 
has  been  given  the  name  of  reluctance^  symbol  (]{,  and  is  analogous  to  fhisP 
amce^  to  the  flow  of  electric  current  in  a  conductor. 
The  magneUeJIux  or  Hues  of  force  are  treated  as  current  flowing  in  the 

netlc  circuit,  and  denoted  by  the  symbol  ^. 

e  above  two  faetors.  together  with  tXxomagnetO'motine  force  desoribed  in 
the  early  part  of  this  chapter,  bear  much  the  same  relation  to  eaeh  other 
as  do  resistaiMie,  enrrent,  and  B  JC.F;  of  electric  circuits,  and  are  azpressed 
ss  follows :  — 


Magnetic  flux  -  Magneto-motive  force 


reluctance 
5^  =  -j5^  =  1.357  »/. 

(R=' 


♦  = 


IJMSlnl 


Ail 

1.207 


110  ELECTKOMAQNETS. 


If  dimenflioiiB  ar«  in  inohes,  and  AiBin  square  incbes,  them 

n/=  ^  4^  X  .3132. 

and  ^  =  CB"  A'\ 

-  1%«  Saw  of  TractlOB.  — The  formula  for  the  ptUl  or  lifting-power 
of  an  electromagnet  when  the  poleit  are  in  actual  contact  with  the  arma- 
ture or  keeper  is  ae  follows : 

Pull  (In  dynes)  =  ^ 

O  It 

Pull  <in  graromea)  = 


Pull  (in  pounds)  =  — ~ 

jruitv"pvuuu«;_   11,183,000 


In  inch  measure:  Pull  (In  pounds)  = 


8  ir  X  981 

11,183,00 
(B«/.  ^" 


72,134,000 
Traction. 

This  proportionality  to  the  square  of  the  induction  accounts  for  some 
anomalous  peculiarities  in  the  way  that  the  keeper  of  a  magnet  holds  fast 
to  the  poles.  If  the  pole  faces  be  perfectly  true  and  flat  and  the  face  of 
the  keeper  the  same,  the  keeper  is  actually  held  with  less  force  than  when  the 
I>oIe  faces  are  very  slightly  convex.  Or,  again,  if  the  keeper  be  slid  to  one 
side  until  only  its  sharp  edge  and  that  of  the  poles  are  in  contact,  it  will  be 
found  to  adhere  more  firmly  than  when  plac»d  squarely  and  centrally  on 
the  poles.  In  general,  a  magnet  holds  tighter  to  a  slightly  uneven  surface 
than  to  one  which  perfectly  fits  the  poles.  The  reason  is  that,  when  the 
area  of  contact  is  decreased,  the  intensity  of  the  induction  throu({h  the 
remaining  contact  is  increased  by  the  crowding  together  of  the  hnes  of 
induction;  and,  as  the  traction  is  proportional  to  the  product  of  the  area 
and  the  square  of  the  intensity  of  the  induction,  so  long  as  there  is  sufficient 
crowding  of  the  lines  so  that  the  square  of  their  intensity  increases  more 
than  the  area  is  diminished,  the  traction  is  increased  by  reducing  the  area 
of  contact.  ^2 

The  amount  of  the  traction  is  usually  determined  by  the  formula,  7  =  ^« 

in  which  T  is  the  traction  per  square  centimeter  expressed  in  dynes:  to 
express  the  traction  in  grammes,  this  figure  is  of  course  di\'ided  by  981.  or 
for^  pounds  avoirdupois  per  square  inch  it  should  be  divided  by  90000, 
This  formula  is  correct  for  the  force  required  to  separate  the  halves  of  a 
straight  bar  magnet  cut  in  the  middle,  if  the  winding  be  also  in  halves  and 
these  halves  separate  at  the  same  time  as  their  respective  halves  of  the 
core  and  if,  further,  the  winding  fit  the  core  closely.  It  is  also  correct  for 
the  separating  force  when  the  magnetism  is  residual;  as  in  the  case  of  a  per- 
manent magnet.  In  other  cases,  for  example, where  an  ordinary  keeper  is 
pulled  away  from  a  magnet,  the  formula  is  not  strictly  accurate  on  account 
of  the  keeper  being  attracted  partlv  by  the  core  of  the  magnet  and  partly 
by  the  current  in  the  winding  directly.  However,  the  attraction  exerted  by 
the  coil  is  usually  small  as  compared  to  that  exerted  by  the  core;  and  the 
formula  is  not  verv  much  in  error. 

The  attraction  between  the  two  parts  of  the  iron  is  always  2  v^'  dynes 
per  square  centimeter,  3  being  the  intensity  of  magnetization,  that  is  the 
number  of  units  of  free  magnetism  per  square  centimeter.  But  (B  =4  ir[) 
+  JC  "o  when  3C  =  Ot  that  is  when  there  is  no  magnetising  force,  2  ^32 

(B* 
r=  ^  ,  which  is  evidently  correct,  as  there  is  no  attraction  except  between 

the  two  parts  of  the  iron.  When  ^  is  not  equal  to  zero,  that  is,  when  the 
magnetism  is  not  residual,  there  is  a  force  between  the  coil  and  the  part  of 
the  iron  that  is  moved  away  from  the  coil  equal  to  5C  3  ^y°^  P^r  square 
centimeter,  so  that  the  whole  force  of  separation  is  2  ir^'  +  JC  5*  When 
there  is  a  coil  on  each  part  of  the  magnet  and  both  parts  of  the  magnet 
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and  both  coils  are  just  alike,  there  are  two  of  these  JQ  5  forces,  because 
each  coil  attracts  the  other  p>art  of  the  iron; but  as  in  this  case  ^  represents 
the  intensity  of  the  maisnetisinc  force  of  the  whole  coil  each  half  now 

attracts  the  other  part  of  the  iron  with  a  force  of   ^^—^   and  both  forces 

together  equal  JC3-     The  two  ooils  attract  each  other  with  a  force  of-3- 

per  square  centimeter,  so  the  whole  force  is  2^3*  +3C0  +  -^~f  which 

•maybe  written^^  (16**a»  +8ir3e3  +  3e*)  -5^(4ir3  +  OC)' -  ^ 

per  square  centimeter,  so  in  this  case  also  the  traction  is  proportional  to 
the  square  of  the  intensity  of  the  induction.  If  the  coils  be  loose  upon 
the  cores  so  that  their  areas  are  sensibly  greater  than  ^ose  of  the  cores. 
the  whole  force  of  separation  is  f^reater  than  that  given  by  the  equation; 
but,  in  practical  cases,  the  enoT  a  usually  small.  In  all  cases,  the  attrac- 
tion between  the  iron  parts  is  2  «r  3^  per  square  centimeter. 

Maipic^ttxatloB  isnd  Traction  of  KloctromaiTnotai. 


(A 

(R,/ 

Dynes 

Grammes 

KilogB 

Pounds 

Unesper 

Lines  per 

per 

per 

per 

per 
sq.  inch. 

aq.  cm. 

aq.  inch. 

sq.  cm. 

sq.  cm. 

sq.  cm. 

1,000 

6,450 

39,790 

40.56 

.04066 

.677 

2,000 

12,900 

160,200 

162.3 

.1623 

2.306 

3/)0O 

19,360 

368,100 

366.1 

.3661 

6.190 

4,000 

26,800 

636,000 

648.9 

.6489 

9.228 

5,000 

32,260 

994,700 

1,014 

1.014 

14.39 

6fiOO 

38,700 

1,432X00 

1,460 

1.460 

20.76 

7,000 

45,150 

1,960,000 

1,987 

1.987 

28.26 

8,000 

61,000 

2,647,000 

2,596 

2.596 

36.95 

9,000 

68.060 

3,223,000 

3,286 

3.286 

46.?i 

10,000 

64,500 

3,979/)00 

4,066 

4.066 

67.68 

11,000 

70,960 

4,815,000 

4,907 

4.907 

69.77 

12,000 

77,400 

6,730,000 

5,841 

5.841 

83.07 

]3/)00 

83,860 

6,726,000 

6,855 

6.866 

97.47 

14,000 

90,300 

7,800,000 

7,550 

7.56Q 

113.1 

15,000 

96,760 

8,953,000 

9,124 

9.124 

129.7 

18,000 

109,200 

10,170,000 

10,380 

10.390 

147.7 

17,000 

109,660 

11,600,000 

11,720 

11.720 

166.6 

18,000 

116,100 

12,890,000 

13,140 

13.140 

186.8 

19,000 

122,660 

14,360,000 

14,630 

14.630 

206.1 

20,000 

129,000 

15,920,000 

16,230 

16.230 

230.8 

KxclttAjr  Powor  asfli  IFmctton.  —  If  we  can  assume  that  there  is 
no  magnetic  leakage,  the  exciting  power  may  be  calculated  from  the  follow- 
ing expression ;  aU  luniensions  being  in  inches,  and  the  pull  in  pounds: 

«i=®^''x.3132, 
^  "*/''X.3132' 


also,®" =8494 


\/ 


PuIT 


Area" 

n/=2661x-xV^p^yr 

If  dimenaiona  are  In  metric  measure, 

r     o«r^   '4/    Pull  In  kilos 

n/=3951  -  V  -: ; • 

fA  7  Area  In  sq.  cms. 

^     «»««i>A/     Pull  in  lbs.  _      Mts^mkl 

(R=1316.6V-z i ' — •  (R=4966V 

***  ▼  Area  in  aa.  ins.  **'  ▼  , 


Pull  in  kilos. 
Area  sq.  cm. 
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^imTO3r«  OF  KIiBCVmOMACUfSVA. 

The  method  used  by  Cecil  P.  Poole  for  predetermining  magnet  windinn 
Ib  as  foUowa:  Temporary  teet  ooils.  of  wire  much  laiger  than  will  probably 
be  reqiiired  in  the  permanent  ooila,  are  wound  to  occupy  the  nmoe  that 
it  ia  eatimated  the  permanent  coil  will  occupy.  Current  ia  pawed  through 
the  temporary  coils  in  series  with  a  water  rheostat  or  finely  graduated 
resistanoe.  by  means  of  which  the  excitation  may  be  closely  adjusted. 
The  exciting  current  is  adjusted  until  the  desired  magnet  performance  ia 
obtained;  the  current  producing  this  effect  is  represented  by  /«.  The' 
current  is  then  increased  or  decreased  as  may  be  required  until  the  resist- 
anceper  foot  of  the  winding  corresponds  with  the  resistance  per  foot  given 
by  Tiible  I  herewith,  after  five  houra.  The  current  required  to  produce 
this  result  is  indicated  by  /». 

The  sise  of  wire  required  to  produce  a  given  number  of  ampere^tums 
under  given  conditions  of  mean  length  and  voltage  is 


d» 


KAtLm 


in  which  d*  equals  circular  mils  of  the  wire  to  be  used,  JT  is  a  coefficient  de- 
pending upon  the  specific  resistance  of  the  wire,  At  equals  the  ampere-tums 
deaired7l«»  eauals  the  mean  length  per  turn  of  wire  in  inches,  and  V  equals 
the  volts  at  the  terminals  of  the  coil.  With  the  best  oommerdal  grade  of 
magnet  wire,  K  becomes  unity  at  a  temperature  of  about  140*^  Fahr.,  since 
the  resistance  per  mil-foot  of  the  wire  at  that  temperature  is  12  ohms. 
The  resistances  of  wires  given  by  Table  I  are  based  on  this  temperature. 
Table  II  has  been  calculated  from  the  foregoing  formula  for  this  temper- 
ature. 

From  the  first  test  made  with  the  temporary  winding  the  desired  ampcve- 
tums  are  obtained,  and  from  Tkble  IT  may  be  obtained  the  sise  dt  wira 
required  to  give  the  nearest  number  of  ampere-tums  per  volt  corresponding 
to  this  test  and  the  proposed  working  voltage.  ' 


Table  M»  —  ]tealatoac«  of  Mi 


reMli«tt. 


Wire  No. 

Resistance  per  Foot. 

Wire  No. 

Resistance  per  Foot. 

4 
5 
6 

0.0002875 
0.0003625 
0.0004671 

10 
20 
21 

0.000316 

0.01176 

0.014814 

7 
8 
0 

0.00057662  . 

0.0007268 

0.0000168 

22 
28 
24 

0.018601 
0.023575 
0.0207 

10 
11 
12 

0.001166 

0.0014675 

0.001888 

25 
26 
27 

0.0375 

0.04725 

0.05056 

13 
14 
15 

0.0023175 

0.002022 

0.003684 

28 
20 
30 

0.0751 
0.0047 
0.1104 

16 

17 
18 

0.004646 

0.00586 

0.007380 

31 
32 
33 

0.1506 
0.1800 
0.2305 
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The  number  of  tums  of  wire  in  the  teit  ooil  will^  of  ooutm,  be  known, 
And  the  product  of  this  number  and  the  current,  /«,  10  the  recj^iiired  exciting 
force  in  ampere-tume.  The  mean  length  per  turn  of  wire  w  the  perma- 
nent winding  will  be  the  same  as  that  in-the  tect  winding,  subject  to  minor 
corrections  that  may  prove  necessary  in  rounding  out  the  final  results. 
TentatiTsly,  at  least,  the  mean  length,  Lm,  will  be  equal  to 

""2"' 

in  which  Oi  is  the  girth  of  the  test  ooil  and  g  the  girth  of  the  bobbin  or  form 
in  which  it  was  wound.  Haying  the  ampsre-tums  required,  the  mean 
lei^h  per  turn  of  wire  and  the  voltage  that  will  be  applied  to  the  terminals 
of  the  ooil  (or  each  ooil,  if  there  are  more  than  one),  the  sise  of  wire  that 
must  be  used  in  the  permanent  winding  is  obtainable  by  the  application 
of  Table  II.  It  may  nappen  that  none  of  the  mean  length  values  in  the 
table  will  be  found  to  correspond  with  that  of  the  test  windiiur;  in  that 
event,  the  nearest  table  value  may  be  adopted  and  the  mean  length  per 
turn  of  the  permanent  winding  made  to  conform  to  this,  in  many  cases 
it  will  be  found  that  both  the  excitation  per  volt  and  the  mean  length  per 
turn  of  the  test  winding  will  differ  from  all  values  in  the  table;  in  such  a 
case,  the  nearest  mean  length  value  in  the  table  should  be  adopted  which 
gives  the  nearest  excitation  per  volt  in  excess  of  the  desired  value. 

Hie  table  is  worked  out  on  the  assumption  that  any  two  wires  drawn  to 
B.  A  8w  gauge  and  differing  in  sise  by  ten  gauge  numbers  will  have  eross- 
seetionaiareas  differing  in  the  ratio  01  1  to  10.103  or  10.168  to  1,  according 
to  iHiieh  wire  is  considered  first. 

As  stated  in  the  note  at  the  foot  of  the  table,  the  ampere-turns  per  volt 


8  wire  has  a  mean  length  of  46.11  inches  per  turn,  its  exciting  force  will 
be  866  anq>ere-tums  for  each  volt  at  its  terminals;  a  ooil  of  the  same  mean 


length 
whDea 


only3.64 

on  the  basis  of  the  wife  sises  in  line'B  and  the  ampere-turns  per  volt  in 
eohnnn  ft,  hence  the  latter  values  are  not  numbers  from  which  decimals 
have  been  dropped,  but  are  exact. 

If  the  winding  is  to  operate  at  constant  potential,  as  most  magnet  wind- 
ings do,  the  watts  dissipated  will  be  exactly  proportional  to  the  current 
pasan^,  and  this  will  be  mversely  {Mnoportional  to  the  length  of  the  coil  par- 
allel with  the  magnet  core  if  the  airth  and  temperature  remain  constant. 
The  temperature  will  be  unchangeoT  of  course,  tne  value  Ih,  of  the  current 
necessary  to  produce  the  working  temperature  having  been  ascertained  by 
trial,  as  previously  described.  If  the  girth  of  the  permanent  winding 
eannot  be  made  icientinl  with  that  of  the  test  windixig,  the  correction  in 
dimensions  will  be  simple.  First,  the  proper  length  on  the  hypothesis  of 
nnnhanyed  girth  must  oe  determmed.  As  the  temperature  of  the  coil  is 
a  function  of  the  heat  dissipated  per  unit  of  offeetive  radiating  surface. 


and  the  radiating  surface  is  approximately  proportional  to  the  length  of 
tllel  with  the  core  (assuming^  the  girth  fixed),  the  heat  dini- 


the  coil  parallel 

pated  per  unit  of  surface  will  be  approximately  proportional  inversely  to 
the  square  of  the  coil  length.  Therefore,  if  the  girth  of  the  permanent 
winding  were  identical  with  that  of  the  test  winding,  the  proper  length 
of  the  permanent  coil  would  be  given  by  the  equation. 

JaX  V^-I'- (1) 

in  which  Lt  is  the  length  of  the  test  coil  and  £•  the  eaJeulaied  Itaagfh  of  the 
permanent  ooil  on  the  basis  of  unchanged  girth.  Table  III  (divided  into 
tow  seetions,  Illa,  Illb,  Ille  and  Hid,)  ^ryes  the  corrected  coil  length, 
Lt,  con^eepondina  to  a  considerable  practical  range  of  test  coil  lengths, 
Za,  and  ratios  01  /•  to  /*.    If  no  correction  in  the  mean  length  per  turn 
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is  neecnary,  this  aet  of  Ubles  wil],  of  course,  give  the  proper  lensth,  L, 
of  the  pemuinent  coil,  which  in  such  casee  is  identical  with  L«.  If  a  cor- 
rection in  mean  length  is  neoessarv  and  is  such  as  to  alter  materially  the 
girth  of  the  coil,  and,  therefore,  uie  radiating  surface  per  unit  of  length, 
aftjsr  making  the  correction  in  mean  length  as  explained  in  a  prececung 
paragmph,  and  ascertaining  the  calculated  length  of  coil,  L«,  by  means  o? 
Table  III.  the  final  value  for  the  length  (L)  of  the  permanent  coil  may  be 
obtained  by  means  of  the  formula 

UXOt 
G 


-  ^ (2) 


O  being  the  girth  that  the  permanent  coil  will  have  after  correcting  the 
mean  length  per  turn,  and  Ch  the  girth  of  the  test  coil. 

For  convemence  in  making  corrections  in  the  mean  length  per  turn  and 
the  girth  of  the  finished  coil.  Table  IV  (divided  into  IVa  to  iVe  inclusive) 
has  been  prepared.  This  gives  the  depth  of  coil  that  will  be  obtained  with 
different  numbers  of  layers  of  the  standard  sises  of  magnet  wire,  single 
and  double  cotton  covered. 

The  table  is  based  on  the  insulation  thicknesses  used  by  the  Roebling 
factory,  and  while  the  coil  depths  are  given  to  the  second  and  third  decimal 
I>laces,  it  will,  of  course,  be  understood  tiiat  this  is  not  intended  as  an  in- 
timation that  coils  can  be  wound  in  practice  to  any  such  degree  of  accuracy, 
even  if  the  insulation  ran  absolutely  \iniform  always,  which  it  does  not  do. 
The  full  figures  are  given  in  this,  as  in  Tables  I  ana  II,  merely  in  order  that 
one  may  see  what  the  exact  theoretical  values  are.  The  table  has  not  been 
made  to  include  very  small  sises  of  wire,  for  the  reason  that  any  approaoh 
to  accuracy  in  calculations  based  on  the  insulated  diameters  of  such  wires 
is  impossilMe. 

For  coils  wound  around  a  continuously  convex  surface,  such  as  that 
of  a  bobbin  for  a  round  magnet  core  or  one  of  oval  croes  section,  the  mean 
leilgth  per  turn  of  wire  is  readily  obtained  by  means  of  the  formula 

0-^wd  '^  Lm (8) 

in  whioh  g  is  the  nrth  of  the  bobbin  or  former  in  which  the  coil  is  wound 
and  d  is  the  depth  of  the  winding  (in  inch  measurCjOr  whatever  unit  of 
linear  measurement  may  be  useo;  not  in  layers).  The  girth  of  the  coil 
will  be  obtainable  by  means  of  the  formula 

a  +  2»rf-(7 (4) 

The  mean  length  per  turn  in  a  coil  wound  on  a  bobbin  of  substantially 
rectangular  cross  section  will  be  greater  than  the  value  given  this  formula 
on  account  of  the  bulging  of  the  wire  away  from  the  core  in  the  parts  of 
the  winding  which  cover  the  straight  surfaces  of  the  bobbin  or  former. 
This  is  also  true,  and  to  a  greater  extent,  of  the  girths  of  the  finished 
ooil. 
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Mm  MMMm,  —  F«r  correctlar  KMMrtli  •f'  Haffset  0«ll. 


/x 

Length  of  Test  Coil,  Lu 

A 

1* 
.95 

H 

If 

li 
1.19 

2 
1.27 

2i 

1.35 

2i 

1.43 

2i 
1.6 

2* 
1.58 

21 

2i 

21 

.4    .    . 

1.03 

1.11 

1.66 

1.74 

1.82 

.425     . 

.98 

1.06 

1.14 

1.22 

1.31 

1.39 

1.47 

1.55 

1.63 

1.71 

1.8 

1.87 

.45  .    . 

1.01 

1.09 

1.17 

1.26 

1.34 

1.43 

1.51 

1.6 

1.68 

1.76 

1.85 

1.93 

.475     . 

1.03 

1.12 

1.21 

1.29 

1.38 

1.47 

1.65 

1.64 

1.72 

1.81 

1.9 

1.98 

.5    .    . 

1.06 

1.15 

1.24 

1.33 

1.42 

1.5 

1.59 

1.68 

1.77 

1.86 

1.95 

2.08 

.525    . 

1.09 

1.18 

1:27 

1.36 

1.45 

1.54 

1.63 

1.72 

1.81 

1.9 

1.99 

2.08 

.55  .    . 

1.12 

1.21 

1.3 

1.39 

1.48 

1.58 

1.67 

1.76 

1.86 

1.95 

2.04 

2.13 

.575    . 

1.14 

1.23 

1.33 

1.42 

1.52 

1.61 

1.71 

1.8 

1.9 

1.99 

2.09 

2.18 

.6    .    . 

1.16 

1.26 

1.36 

1.45 

1.55 

1.65 

1.74 

1.84 

1.94 

2.03 

2.13 

2.23 

.825    . 

1.18 

1.29 

1.38 

1.48 

1.58 

1.68 

1.78 

1.88 

1.98 

2.08 

2.17 

2.27 

.55  .    . 

1.21 

1.31 

1.41 

1.51 

1.61 

1.71 

1.82 

1.92 

2.02 

2.12 

2.22 

2.82 

.675    . 

1.23 

1.34 

1.44 

1.54 

1.64 

1.75 

1.85 

1.95 

2.06 

2.16 

2.26 

2.86 

.7    .    . 

1.26 

1.36 

1.47 

1.67 

1.67 

1.78 

1.88 

1.99 

2.09 

2.2 

2.3 

2.41 

.725    . 

1.28 

1.38 

1.49 

1.6 

1.7 

1.81 

1.92 

2.02 

2.13 

2.24 

2.34 

2.45 

.75  .    . 

1.3 

1.41 

1.52 

1.62 

1.73 

1.84 

1.95 

2.06 

2.17 

2.27 

2.38 

2.49 

.8    .    . 

1.34 

1.46 

1.57 

1.68 

1.79 

1.9 

2.0I 

2.13 

2.24 

2.35 

2.46 

2.57 

.85  .    . 

1.39 

1.5 

1.61 

1.73 

1.85 

1.96 

2.08 

2.19 

2.31 

2.42 

2.64 

2.65 

.9    .    . 

1.42 

1.54 

1.66 

1.78 

1.9 

2.02 

2.14 

2.26 

2.37 

2.49 

2.61 

2.78 

.95  .    . 

1.46 

1.58 

1.71 

1.83 

1.95 

2.07 

2.19 

2.32 

2.44 

2.56 

2.68 

2.8 

1.  .    .    . 

1.5 

1.63 

1.75 

1.88 

2. 

2.13 

2.26 

2.38 

2.5 

2.63 

2.75 

2.88 

1.05  .    . 

1.54 

1.67 

1.79 

1.92 

2.05 

2.18 

2.31 

2.44 

2.56 

2.69 

2.82 

2.95 

1.1    .    . 

1.57 

1.71 

1.84 

1.97 

2.1 

2.23 

2.36 

2.49 

2.62 

2.76 

2.88 

3.02 

1.2    .    . 

1.64 

1.78 

1.92 

2.05 

2.19 

2.33 

2.47 

2.6 

2.74 

2.88 

3.01 

3.15 

1.8    .    . 

1.71 

1.85 

1.99 

2.14 

2.28 

2.42 

2.57 

2.71 

2.85 

3. 

3.14 

3.28 

1.4    .    . 

1.78 

1.92 

2.07 

2.22 

2.37 

2.51 

2.66 

2.81 

2.96 

3.11 

3.25 

8.4 

1.5    .    . 

1.84 

1.99 

2.14 

2.3 

2.45 

2.6 

2.76 

2.91 

3.06 

3.22 

8.87 

3.52 

1.6    . 

1.9 

2.06 

2.21 

2.37 

2.53 

2.69 

2.86 

3.01 

3.16 

3.32 

3.48 

3.64 

1-7    .    . 

1.96 

2.12 

2.28 

2.45 

2.61 

2.77 

2.93 

3.1 

3.26 

3.42 

3.69 

3.75 

1.8    .    . 

2.01 

2.18 

2.35 

2.52 

2.68 

2.85 

3.02 

3.19 

3.35 

3.52 

3.69 

3.86 

1.9    .    . 

2.07 

2.24 

2.41 

2.69 

2.76 

2.93 

3.1 

3.27 

3.46 

3.62 

3.79 

3.96 

2.  .    .    . 

2.12 

2.8 

2.48 

2.65 

2.83 

5. 

3.18 

3.36 

3.64 

3.71 

3.89 

4.07 

2.1     .    . 

2.17 

2.36 

2.54 

2.72 

2.9 

3.08 

3.26 

3.44 

3.62 

3.81 

3.99 

4.17 

2.2    .    . 

2.28 

2.41 

2.6 

2.78 

2.97 

3.15 

3.34 

3.62 

3.71 

3.89 

4.08 

4.27 

2.3     .    . 

2.28 

2.47 

2.65 

2.84 

3.03 

3.22 

3.41 

3.6 

3.79 

3.98 

4.17 

4.36 

2.4    .    . 

2.32 

2.62 

2.71 

2.91 

3.1 

3.29 

3.49 

3.68 

3.87 

4.07 

4.26 

4.46 

The  Above  numben  (in  the  body  of  the  table)  are  oorreoted  lengths,  Lew 


118 


SLECTBOMA6NBTS. 


Table  jljlu»«—  F«r  correcttar  I<eartli  of  SEocmet  Cell* 


^ 


/a? 

Length  of  Test  CoU,  Lt, 

A 

3 

1.9 

3i 
1.98 

3i 
2.06 

31 

2.14 

3i 
2.22 

31 

2.3 

8i 
2.37 

31 
2.45 

4 
2.53 

*i 

4i 

41 

.4    .    . 

2.61 

2.69 

2.77 

.425    . 

1.96 

2.04 

2.12 

2.2 

2.28 

2.36 

2.45 

2.53 

2.61 

2.69 

2.77 

2.85 

.45  .    . 

2.01 

2.1 

2.18 

2.26 

2.35 

2.43 

2.52 

2.6 

2.68 

2.77 

2.85 

2.94 

.475     . 

2.07 

2.15 

2.24 

2.33 

2.41 

2.5 

2.58 

2.67 

2.76 

2.84 

2.93 

3.02 

.5    .    . 

2.12 

2.21 

2.3 

2.39 

2.48 

2.56 

2.65 

2.74 

2.83 

2.92 

3.01 

3.09 

.525    . 

2.18 

2.26 

2.36 

2.45 

2.54 

2.63 

2.72 

2.81 

2.9 

2.99 

3.08 

8.17 

.55  .    . 

2.23 

2.32 

2.41 

2.5 

2.60 

2.69 

2.78 

2.87 

2.97 

3.06 

3.15 

3.23 

.575    . 

2.28 

2.37 

2.46 

2.56 

2.65 

2.75 

2.84 

2.94 

3.03 

3.13 

3.22 

3.31 

.6    .    . 

2.32 

2.42 

2.52 

2.62 

2.71 

2.81 

2.91 

3. 

3.1 

3.2 

3.29 

3.39 

.625    . 

2.37 

2.47 

2.57 

2.67 

2.77 

2.87 

2.97 

3.06 

3.16 

3.26 

3.36 

3.46 

.65  .    . 

2.42 

2.52 

2.62 

2.72 

2.82 

2.92 

3.02 

3.13 

3.23 

3.33 

3.43 

3.53 

.675    . 

2.46 

2.67 

2.67 

2.77 

2.88 

2.98 

3.08 

3.19 

3.29 

3.39 

3.49 

8.69 

.7    .    . 

2.51 

2.62 

2.72 

2.82 

2.93 

3.03 

3.14 

3.24 

3.35 

3.45 

3.56 

3.66 

.725    . 

2.56 

2.66 

2.77 

2.87 

2.98 

3.09 

3.19 

3.3 

3.41 

3.51 

3.62 

3.73 

.75  .    . 

2.6 

2.71 

2.81 

2.92 

3.03 

3.14 

3.25 

3.36 

3.46 

3.57 

3.68 

3.79 

.8    .    . 

2.68 

2.8 

2.91 

3.02 

3.13 

3.24 

3.35 

3.47 

3.58 

3.69 

3.8 

3.91 

.85  .    . 

2.77 

2.88 

3. 

3.11 

3.23 

3.34 

3.46 

3.57 

3.69 

3.81 

3.92 

4.03 

.9    .    . 

2.84 

2.97 

3.09 

3.2 

3.32 

3.44 

3.56 

3.68 

3.8 

3.91 

4.03 

4.15 

.05  .    . 

2.92 

3.05 

3.17 

3.29 

3.41 

3.53 

3.66 

3.78 

3.9 

4.02 

4.14 

4.26 

1.  .    .    . 

3. 

3.13 

3.25 

3.38 

3.5 

3.63 

3.75 

3.88 

4. 

4.13 

4.25 

4.38 

1 .05  .    . 

3.07 

3.2 

3.33 

3.46 

3.59 

3.72 

3.84 

3.97 

4.1 

4.23 

4.36 

4.48 

l.l    .    . 

3.14 

3.28 

3.41 

3.54 

3.67 

3.8 

3.93 

4.06 

4.2 

4.33 

4.46 

4.59 

1.15  .    . 

3.21 

3.35 

3.49 

3.62 

3.75 

3.89 

4.02 

4.16 

4.29 

4.42 

4.56 

4.69 

1.2    .    . 

3.28 

3.44 

3.58 

3.72 

3.85 

3.99 

4.13 

4.27 

4.4 

4.54 

4.68 

4.82 

1.25  .    . 

3.35 

3.49 

3.63 

3.77 

3.91 

4.05 

4.19 

4.33 

4.47 

4.61 

4.75 

4.89 

2.3    .    . 

3.42 

3.56 

3.71 

3.85 

3.99 

4.13 

4.28 

4.42 

4.56 

4.7 

4.85 

4.99 

1.35  .    . 

3.49 

3.63 

3.78 

3.92 

4.07 

4.21 

4.36 

4.5 

4.65 

4.79 

4.04 

5.08 

1.4    .    . 

3.55 

3.7 

3.85 

3.99 

4.14 

4.29 

4.44 

4.59 

4.73 

4.88 

5.03 

5.18 

1.45  .    . 

3.61 

3.76 

3.91 

4.07 

4.22 

4.37 

4.52 

4.67 

4.82 

4.97 

5.12 

6.27 

1.5    .    . 

3.67 

3.83 

3.98 

4.13 

4.29 

4.44 

4.59 

4.75 

4.9 

5.05 

6.21 

5.36 

1.6    .    . 

3.85 

3.95 

4.11 

4.27 

4.43 

4.59 

4.75 

4.9 

5.06 

5.22 

5.38 

5.53 

1.7    .    . 

3.91 

4.08 

4.24 

4.4 

4.56 

4.73 

4.89 

5.05 

5.22 

6.38 

5.54 

5.71 

1.8    .    . 

4.02 

4.19 

4.36 

4.53 

4.7 

4.86 

5.03 

5.2 

5.37 

6.54 

5,7 

5.87 

1.9    .    . 

4.14 

4.31 

4.48 

4.65 

4.83 

5. 

5.17 

5.34 

5.51 

5.69 

5.86 

6.03 

2.  .    .    . 

4.25 

4.42 

4r.6 

4.77 

4.95 

5.13 

5.31 

5.48 

5,66 

5.83 

6.01 

6.19 

The  aboTB  nQmbers  (in  the  body  of  the  table)  are  oorreeted  lengths,  Le, 
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SM»1«  nic.  —  Vbt  correctlniT  Iieagtli  mt  Haipiet  C«il. 


I» 

T/jngth  of  Test  Coil.  Lu 

Ih 

4i 

41 

41 

3.36 

4i 

3.46 

6 
3.64 

6i 
3.62 

6J 
3.71 

61 

3.8 

5i 
3.89 

61 

6i 

51 

.5     .    . 

3.18 

3.27 

3.98 

4.07 

4.16 

.525    . 

3.26 

3.36 

3.44 

3.63 

3.62 

3.71 

3.81 

3.9 

3.99 

4.08 

4.17 

4.26 

.66  .    . 

3.34 

3.43 

3.62 

3.62 

3.71 

3.8 

3.9 

3.99 

4.08 

4.17 

4.27 

4.36 

.675     . 

3.41 

3.61 

3.6 

3.7 

3.79 

3.89 

3.98 

4.08 

4.17 

4.27 

4.36 

4.46 

.6    .    . 

3.49 

3.68 

3.68 

3.78 

3.87 

8.97 

4.07 

4.16 

4.26 

4.36 

4.46 

4.66 

.625     . 

3.56 

3.66 

3.76 

3.86 

3.95 

4.06 

4.16 

4.25 

4.36 

4.46 

4.66 

4.66 

.©5  .    . 

3.63 

3.73 

3.83 

3.93 

4.03 

4.13 

4.23 

4.33 

4.43 

4.64 

4.64 

4.74 

.675     . 

3.7 

3.8 

3.9 

4.01 

4.11 

4.21 

4.31 

4.42 

4.62 

4.62 

4.72 

4.88 

.7    .    . 

3.77 

8.87 

3.97 

4.08 

4.18 

4.29 

4.39 

4.5 

4.6 

4.71 

4.81 

4.92 

.725     . 

3.83 

3.94 

4.04 

4.16 

4.26 

4.37 

4.47 

4.68 

4.68 

4.79 

4.9 

6.0 

.76  .    . 

8.9 

4.01 

4.11 

4.22 

4.33 

4.44 

4.66 

4.66 

4.76 

4.87 

4.98 

6.09 

.776     . 

4.01 

4.07 

4.18 

4.29 

4.4 

4.61 

4.62 

4.73 

4.84 

4.96 

6.06 

6.17 

.8    .    . 

4.03 

4.14 

4.26 

4.36 

4.47 

4.68 

4.7 

4.81 

4.92 

6.03 

6.14 

6.26 

.825     . 

4.09 

4.2 

4.32 

4.43 

4.54 

4.66 

4.77 

4.88 

6. 

6.11 

6.22 

6.34 

.85  .    . 

4.15 

4.27 

4.38 

4.6 

4.61 

4.73 

4.84 

4.96 

6.07 

6.19 

6.3 

6.42 

.876    . 

4.21 

4.33 

4.44 

4.66 

4.68 

4.8 

4.91 

5.03 

6.16 

6.26 

6.38 

6.5 

.9    .    . 

4.27 

4.39 

4.51 

4.63 

4.74 

4.86 

4.98 

6.1 

6.22 

6.34 

6.46 

6.67 

.925    . 

4.33 

4.45 

4.67 

4.69 

4.81 

4.93 

6.06 

5.17 

6.29 

6.41 

6.63 

5.66 

.95  .    . 

4.39 

4.61 

4.63 

4.76 

4.87 

5. 

6.12 

6.24 

6.36 

6.48 

6.61 

6.73 

1.  .    .    . 

4.5 

4.63 

4.76 

4.88 

6. 

5.13 

6.26 

6.38 

6.6 

6.63 

6.76 

6.88 

1.05  .    . 

4.61 

4.74 

4.87 

6. 

6.12 

5.26 

6.88 

6.61 

6.64 

6.76 

6.89 

6.02 

1.1     .    . 

4.72 

4.86 

4.98 

6.11 

6.25 

6.88 

6.61 

6.64 

6.77 

6.9 

6.03 

6.16 

1.15  .    . 

4.83 

4.96 

6.09 

6.23 

6.36 

6.6 

6.63 

6.76 

6.9 

6.03 

6.17 

6.3 

1.2    .    . 

4.96 

5.07 

5.2 

5.34 

5.48 

6.61 

6.76 

6.89 

6.03 

6.16 

6.3 

6.44 

1.25  .    . 

6.03 

6.17 

5.31 

6.46 

6.69 

6.73 

5.87 

6.01 

6.16 

6.29 

6.43 

6.67 

1.3    .    . 

5.13 

6.27 

6.42 

6.66 

6.7 

6.84 

6.99 

6.13 

6.27 

6.41 

6.66 

6.7 

1.35  .    . 

6.23 

6.37 

6.62 

6.67 

5.81 

6.96 

6.1 

6.26 

6.39 

6.54 

6.68 

6.83 

1.4    .    . 

6.33 

6.47 

5.62 

6.77 

6.92 

6.07 

6.21 

6.36 

6.61 

6.66 

6.81 

6.96 

1.45  .    . 

5.42 

6.67 

5.72 

5.87 

6.02 

6.17 

6.32 

6.47 

6.62 

6.77 

6.93 

7.08 

1.5    .    . 

6.61 

6.67 

6.82 

6.97 

6.12 

6.28 

6.43 

6.68 

6.74 

6.89 

7.04 

7.2 

1.55  .    . 

6.6 

6.76 

6.91 

6.07 

6.23 

6.38 

6.64 

6.69 

6.86 

7. 

7.16 

7.32 

1.6    .    . 

6.60 

6.86 

6.01 

6.17 

6.33 

6.48 

6.64 

6.8 

6.96 

7.12 

7.27 

7.43 

1.65  .    . 

5.78 

6.94 

6.1 

6.26 

6.42 

6.68 

6.74 

6.91 

7.07 

7.23 

7.89 

7.65 

1.7     .    . 

5.87 

6.03 

6.19 

6.36 

6.62 

6.68 

6.86 

7.01 

7.17 

7.33 

7.5 

7.66 

1 .75  .    . 

5.96 

6.12 

6.28 

6.46 

6.61 

6.78 

6.96 

7.11 

7.28 

7.44 

7.61 

7.77 

1.8    .    . 

6.04 

6.21 

6.37 

6.54 

6.71 

6.88 

7.06 

7.21 

7.38 

7.56 

7.72 

7.88 

1.85  .    . 

6.12 

6.29 

6.46 

6.63 

6.8 

6.97 

7.14 

7.81 

7.48 

7.66 

7.82 

7.99 

1.9     .    . 

6.2 

6.38 

6.66 

6.72 

6.89 

7.07 

7.24 

7.41 

7.68 

7.75 

7.93 

8.1 

1.95  .    . 

6.28 

6.46 

6.63 

6.81 

6.98 

7.16 

7.83 

7.61 

7.68 

■  7.86 

8.03 

8.21 

2.  .    .    . 

6.37 

6.64 

6.72 

6.9    7.07 

7.26 

7.42 

7.6 

7.78 

7.96 

8.13 

8.31 

Tfae  mbowe  numiNra  (in  the  body  of  the  table)  are  corrected  lengiha,  Le. 
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BLEOTBOMAGKBTS. 


Val»l«  nxd.  — JP«r  eorrccMniT  ILmmgiM  •€  Mmigmmi  C^ll* 


Ix 

Length  of  Test  Coil.  Lu 

Ih 

6 

6i 
4.33 

6i 
4.44 

4.51 

6* 
4.6 

61 
4.69 

6t 
4.77 

6i 
4.86 

7 
4.96 

7i 

7i 

71 

.5    .    . 

4.24 

5.04 

6.13 

5.22 

.526    . 

4.35 

4.44 

4.63 

4.62 

4.71 

4.8 

4.89 

4.98 

5.07 

5.16 

5.26 

5.84 

.65  .    . 

4.45 

4.54 

4.64 

4.73 

4.82 

4.91 

5.01 

5.1 

5.19 

5.29 

5.38 

5.47 

.575    . 

4.55 

4.65 

4.74 

4.83 

4.93 

5.02 

5.12 

5.21 

5.31 

5.4 

5.5 

5.69 

.6    .    . 

4.65 

4.75 

4.84 

4.94 

5.04 

5.13 

5.23 

5.33 

5.42 

5.52 

5.62 

5.71 

.626    . 

4.75 

4.84 

4.94 

5.04 

5.14 

5.24 

5.34 

5.44 

5.53 

6.63 

6.73 

5.88 

.65  .    . 

4.84 

4.94 

5.04 

5.14 

5.24 

5.84 

5.44 

5.54 

5.64 

5.75 

6.85 

5.96 

.675    . 

4.93 

6.03 

5.14 

5.24 

5.34 

5.44 

5.55 

5.65 

5.75 

5.85 

5.96 

6.06 

.7    .    . 

5.02 

6.13 

5.23 

5.33 

5.44 

5.54 

5.65 

5.76 

5.86 

5.96 

6.07 

6.17 

.725    . 

5.11 

6.22 

6.32 

5.43 

5.53 

5.64 

5.75 

5.86 

5.96 

6.07 

6.17 

6.28 

.75  .    . 

5.2 

5.3 

6.41 

5.52 

5.63 

5.74 

5.85 

5.96 

6.06 

6.17 

6.28 

6.39 

.775    . 

5.28 

5.39 

5.5 

5.61 

5.72 

5.83 

5.94 

6.05 

6.16 

6.27 

6.89 

6.49 

.8    .    . 

5.37 

5.48 

5.59 

5.7 

5.81 

5.93 

6.04 

6.15 

6.26 

6.37 

6.49 

6.6 

.825    . 

5.45 

5.56 

5.68 

5.79 

5.91 

6.02 

6.13 

6.25 

6.36 

6.47 

6.59 

6.7 

.86.    . 

5.53 

6.65 

5.76 

5.88 

5.99 

6.11 

6.22 

6.84 

6.45 

6.57 

6.69 

6.8 

.875    . 

5.61 

5.73 

5.85 

5.96 

6.08 

6.2 

6.31 

6.43 

6.56 

6.67 

6.78 

6.9 

.9    .    . 

5.69 

5.81 

6.93 

6.06 

6.17 

6.29 

6.4 

6.52 

6.64 

6.75 

6.88 

7. 

.926    . 

5.77 

5.89 

6.01 

6.13 

6.25 

6.37 

6.49 

6.61 

6.73 

6.86 

6.97 

7.09 

.96  .    . 

5.85 

5.97 

6.09 

6.21 

6.34 

6.46 

6.58 

6.7 

6.82 

6.95 

7.07 

7.19 

1.  .    .    . 

6. 

6.13 

6.26 

6.38 

6.5 

6.68 

6.75 

6.88 

7. 

7.13 

7.25 

7.38 

1.05.    . 

6.15 

6.28 

6.41 

6.53 

6.66 

6.79 

6.92 

7.05 

7.17 

7.3 

7.43 

7.56 

1.1    .    . 

6.29 

6.43 

4.56 

6.69 

6.82 

6.95 

7.08 

7.21 

7.34 

7.47 

7.61 

7.74 

1.15  .    . 

6.44 

6.57 

6.7 

6.84 

6.97 

7.11 

7.24 

7.37 

7.51 

7.64 

7.78 

7.91 

1.2    .   . 

6.57 

6.71 

6.85 

6.99 

7.12 

7.26 

7.89 

7.53 

7.67 

7.81 

7.94 

8.08 

1.26.   . 

6.71 

6.86 

6.99 

7.13 

7.27 

7.41 

7.66 

7.69 

7.83 

7.97 

8.11 

8.26 

1.8    .    . 

6.84 

6.96 

7.13 

7.27 

7.41 

7.55 

7.7 

7.84 

7.98 

8.18 

8.27 

8.41 

1.35  .    . 

6.97 

7.12 

7.26 

7.41 

7.55 

7.7 

7.84 

7.99 

8.13 

8.28 

8.43 

8.57 

1.4    .    . 

7.1 

7.26 

7.4 

7.54 

7.69 

7.84 

7.99 

8.13 

8.28 

8.43 

8.58 

8.78 

1.46  .    . 

7.23 

7.38 

7.53 

7.68 

7.83 

7.98 

8.13 

8.28 

8.43 

8.58 

8.73 

8.88 

1.5    .    . 

7.35 

7.5 

7.66 

7.81 

7.96 

8.11 

8.27 

8.42 

8.57 

8.78 

8.88 

9.08 

1.55  .   . 

7.47 

7.63 

7.78 

7.94 

8.09 

8.25 

8.4 

8.56 

8.72 

8.87 

9.03 

9.18 

1.6    .    . 

7.59 

7.75 

7.91 

8.07 

8.22 

8.38 

8.54 

8.7 

8.8<^ 

9.01 

9.17 

9.83 

1.66  .   . 

7.71 

7.87 

8.03 

8.19 

8.35 

8.51 

8.67 

8.83 

8.99 

9.15 

9.31 

9.47 

1.7    .   . 

7.82 

7.99 

8.15 

8.31 

8.48 

8.64 

8.8 

8.96 

9.13 

9.29 

9.46 

9.62 

1.75  .    . 

7.94 

8.1 

8.27 

8.43 

8.6 

8.77 

8.93 

9.09 

9.26 

9.43 

9.59 

9.76 

1.8    .    . 

8.05 

8.22 

8.89 

8.55 

8.72 

8.89 

9.06 

9.22 

9.89 

9.66 

9.73 

9.9 

1.86.   . 

8.16 

8.83 

8.5 

8.67 

8.84 

9.01 

9.18 

9.85 

9.52 

9.69 

9.86 

10.08 

1.9    .    . 

8.27 

8.44 

8.62 

8.79 

8.96 

9.13 

9.3 

9.48 

9.65 

9.82 

9.99 

10.17 

1.96.    . 

8.38 

8.55 

8.73 

8.9 

9.08 

9.25 

9.43 

9.6 

9.78 

9.95 

10.13 

10.3 

2.  .   .   . 

8.49 

8.66 

8.84 

9.02 

9.19 

9.37 

9.55 

9.72 

9.9 

10.08 

10.25 

10.48 

Th«  thay  numben  (in  the  body  of  the  table)  are  oorrected  lencthe,  Le. 
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SWI 

il«] 

ILVa.- 

^Mlm 

mtut  Space 

OCCI 

ipied  l»7  Steele  Cotto] 

B- 

Covered  H^tres. 

Turna 

Wire  Numbers,  B 

.  A  S.  Gauge : 

or 
L«y«ra. 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 
0.16 

14 

2  .    . 

0.4i 

320. » 

380.3' 

A40.3( 

[)80.2' 

r4  0.2 

44  0.216 

0.194 

0.174 

0.14 

3  .    . 

0.6 

1S0.51 

32  0.5 

16  0.4< 

S2  0.4 

110.31 

960.324 

0.291 

0.261 

0.24 

0.21 

4  .   . 

0.8( 

840.7: 

r6  0.6l 

380.6 

L6  0.5' 

180. 4J 

B8  0.432 

0.388 

0.3480.31 

0.28 

5  .    . 

1.01 

S   0.9: 

r    0.84 

5    0.7' 

7    0.61 

S50.6 

1    0.54 

0.485 

0.4350.39 

0.35 

0  .    . 

1.21 

Ml.ll 

Mi.o: 

32  0.92 

M0.8! 

22  0.7: 

920.648 

0.582 

0.^0.47 

0.42 

7  .   . 

1.6] 

L2  1.3J 

S8l.2< 

)4  1 .0' 

r8  0.9i 

H>0.8j 

54  0.756 

0.679 

0.6090.55 

0.49 

8  .    . 

1.7J 

2Si.5l 

S21.3: 

r6i.2; 

32  1 .01 

M0.9' 

76  0.864 

0.776 

0.6060.63 

0.56 

9  .    . 

1.91 

M1.7' 

161.5^ 

181. » 

361.2: 

33  1.01 

>8  0.972 

0.873 

0.783  0.70 

0.63 

10  .    . 

2.11 

3    1.9^ 

i    1.71 

1    1.5^ 

1    1.3' 

7  1.2; 

2    1.08 

0.97 

0.87    0.78 

0.7 

11   .    . 

2.3J 

3    2.h 

1    1.81 

»    1.61 

1    1.5 

L    1.3' 

4    1.19 

1.07 

0.96   0.86 

0.77 

12   .    . 

2.51 

»    2.3] 

3    2.0* 

r  1.8J 

(    1.6' 

1    1.4' 

7    1.3 

1.17 

1.06 

0.94 

0.84 

13  .    . 

2.8 

1    2.5! 

2    2.2' 

1    2. 

1.7] 

3    1.51 

»    1.41 

1.26 

1.13 

1.02 

0.91 

14   .    . 

3.0; 

S    2.72 

2    2.41 

L    2.11 

^    1.9! 

2    1.7 

1    1.51 

1.36 

1.22 

1.09 

.98 

15  .    . 

3.2' 

1   2.91 

L    2.51 

3    2.31 

L    2.0< 

B    1.8] 

}    1.62 

1.46 

1.81 

1.17 

1.05 

16  .    . 

3.44 

B    3.1] 

I    2,7\ 

S    2.4' 

7    2.11 

)    1.9] 

5    1.73 

1.55 

1.39 

1.25 

1.12 

17   .    . 

3.6' 

7    3.3 

2.« 

3    2.61 

2   2.3] 

B    2.0( 

B    1.84 

1.65 

1.48 

1.83 

1.19 

18  .    . 

3.81 

»   3.41 

1    3.1 

2.7' 

7    2.4' 

7    2.2 

1.95 

1.75 

1.57 

1.44 

1.26 

19  .    . 

4.1 

L    3.6( 

»    3.2: 

r    2.9] 

3    2.6 

i    2.3! 

2    2.05 

1.85 

1.66 

1.48 

1.33 

20  .    . 

4.3^ 

2    3.« 

3    3.4^ 

1    3.0] 

3    2.7' 

1    2.4' 

1    2.16 

1.94 

1.74 

1.56 

1.4 

21   .    . 

4.5] 

1    4.0: 

r    3.61 

L    3.2' 

1   2.8] 

3    2.5< 

B    2.27 

2.04 

1.83 

1.64 

1.47 

22  .    . 

4.7i 

5    4.2: 

r    3.71 

3   3.31 

)    3.02 

2    2.01 

)    2.38 

2.14 

1.92 

1.72 

1.54 

23  .    . 

4.9* 

r    4.44 

1    3.91 

(    3.5^ 

1    3.1] 

S    2.8 

L    2.49 

2.23 

2. 

1.8 

1.61 

24   .    . 

.    4.61 

(    4.1! 

253. 6( 

»    8.21 

)    2.9] 

3    2.59 

2.33 

2.09 

1.87 

1.68 

25  .    . 

.    4.» 

>    4.3 

3.8j 

S    8.4] 

3    3.0] 

S    2.7 

2.43 

2.18 

1.95 

1.75 

26  .    . 

.    5.0( 

(    4.4: 

r  4. 

3.61 

i    3.1' 

7    2.81 

2.52 

2.26 

2.03 

1.82 

27   .    . 

•              •  • 

.    4.6^ 

1    4.1< 

J   8.7 

3.21 

»    2.92 

2.62 

2.35 

2.11 

1.89 

28  .    . 

k             •  • 

.    4.8] 

I    4.31 

I    3.8] 

3    3.41 

L    3.03 

2.72 

2.44 

2.19 

1.96 

29  .    . 

1                  a    •    1 

.    4.91 

3    4.4< 

)    3.9: 

r    3.5- 

1    3.13 

2.82 

2.53 

2.26 

2.03 

ao  .  . 

R                     •     «    4 

.    6.U 

)    4.62 

2    4.11 

L    3.6< 

3    3.24 

2.91 

2.61 

2.84 

2.1 

81   .    . 

•    •    4 

m    9 

.    4.7: 

r  4.21 

5    3.7i 

3    3.35 

3. 

2.7 

2.42 

2.17 

32  .    . 

1                    •    fl 

9     9 

.    4.9] 

1    4.31 

3    3.9 

3.45 

3.1 

2.79 

2.5 

2.24 

33   .    . 

•     ■ 

•                       •     • 

.    5.0( 

3   4.52 

2    4.02 

2    3.66 

3.2 

2.87 

2.58 

2.31 

94 

•      •      4 

1                       •     • 

»               •   a 

.    4.6J 

>    4.1^ 

i    3.67 

3.29 

2.96 

2.65 

2.38 

35  .    . 

^  •  * 

•     •     4 

»                       «     • 

»               •    • 

.    4.71 

)    4.2: 

r    8.78 

3.39 

3.04 

2.73 

2.45 

36  \    . 

c 

m    9 

»                       •     • 

1                       »   '•    4 

.    4.9S 

1    4.3( 

)    3.89 

3.49 

3.18 

2.81 

2.52 

87  .    . 

m    • 

•     • 

k                       •     • 

.    5.0: 

r  4.61 

I    3.99 

3.59 

3.22 

2.89 

2.59 

88  .    . 

»                  •    •    1 

9                      9     • 

1                       •     • 

1             •  • 

.    4. 62 

I    4.1 

3.68 

3.3 

2.97 

2.66 

39  .    . 

•    • 

•     ■ 

1                       •     ■ 

t             •  • 

.    4.7( 

(    4.21 

3.78 

3.39 

3.04 

2.73 

40  .    . 

»                  •    •    1 

•     • 

P                      •     • 

•  • 

.    4.8i 

3    4.32 

3.88 

3.48 

3.12 

2.8 

41   .    . 

■    • 

•    •    4 

■                     •    •    4 

»             •  • 

.    5. 

4.42 

3.97 

3.56 

3.2 

2.87 

42  .    . 

•    • 

1                       •    • 

•    • 

«  • 

»             •  • 

.    4.58 

4.07 

3.66 

3.27 

2.94 

48  .    . 

•    •    1 

•     • 

1                    •    • 

»             •  • 

•  • 

.    4.64 

4.17 

3.74 

3.35 

3.01 

44  .    . 

•    • 

•     • 

>                          ■     •     4 

•  ft 

1             •  •  < 

.    4.75 

4.27 

3.83 

3.43 

3.08 

45  .    . 

•       »      4 

•     • 

»                          ■     • 

t             •  •  t 

1             ■  • 

.    4.86 

4.36 

3.91 

3.51 

3.15 

46  .    . 

«     •     4 

k                       •     » 

■                      •     •    4 

•  • 

»             •  • 

.    4.97 

4.46 

4. 

3.59 

3.22 

47  .    . 

•     • 

1                       •     • 

1                       •     • 

1             •  ■ 

k               a   •   4 

1             •  •  • 

4.56 

4.09 

8.66 

3.29 

48  .    . 

■     •     i 

1                       •     • 

■                       •     •    1 

•  •  t 

1                      •     •     4 

1             •  •  4 

4.66 

4.18 

3.74 

3.36 

49   .    . 

•      •      4 

»                      •     • 

t                      •     •     1 

*                    9    9 

1                       •     •     1 

9     9     4 

4.76 

4.27 

3.82 

3.43 

60  .    . 

•     ■ 

•     •     4 

■                    •    B    4 

*                    9    9 

»                       •     •     « 

t                    9    9 

4.85 

4.35 

3.95 

3.5 

62  .   . 

•     «     4 

•     • 

•     •     4 

9    •    1 

»                      •    •     1 

9     9    1 

«  •  • 

4.52 

4.06 

3.64 

54  .    . 

•     ■     4 

•     •     4 

»                      •     •     1 

•     ■    4 

1                       •     •     1 

•     9 

•  »  • 

4.7 

4.22 

3.78 

56  .   . 

«     •     4 

•     ■     1 

•      •      4 

•     • 

■     •     1 

a    • 

•   a   ■ 

4.87 

4.37 

3.92 

58  .   . 

•     •    • 

>      •      4 

•      •     I 

■     ■     1 

•      •      4 

a    a    4 

•    •   • 

•  ■  • 

4.52 

4.06 

60  .   . 

•     •     ■ 

•      ■      4 

•      •      4 

a    •    1 

»           ,        a    ■    4 

a    « 

•    •   • 

•  •  • 

4.68 

4.2 

62  .    . 

•    •    i 

•     •      1 

■      •      < 

a    •    i 

•    a    ■ 

a    •    4 

...     1 

•  •  • 

■  ■  ■ 

4.84 

64  .    . 

■    ■    ■ 

•    •    a 

•      •      4 

•       •       4 

•     •     • 

•    • 

■    a    • 

•    a    a 

a    a    • 

4.48 
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TASXJi  ITb.  — UsMir  Bprnc*  occ«|rtc«  ^j  Mufl* 


Covered  ITIres. 


Turns  or 

Wire  Numbers.  B.  A  S.  G»uce: 

Layers. 

15 

16 

17 

18 

19 

20 

21 

22 

0.19 

23 

24 

6.    .    .    . 

0.38 

0.34 

0.31 

0.28 

0.26 

0.23 

0.2 

0.17 

0.16 

7.    .    .    . 

0.44 

0.4 

0.36 

0.32 

0.29 

0.27 

0.24 

0.22 

0.2 

0.17 

8.    .    .    . 

0.6 

0.46 

0.41 

0.37 

0.34 

0.3 

0.27 

0.25 

0.22 

0.2 

9:   .   .   . 

0.67 

0.51 

0.46 

0.41 

0.38 

0.34 

0.31 

0.28 

0.25 

0.22 

10  ...    . 

0.63 

0.67 

0.61 

0.46 

0.42 

0.38 

0.34 

0.31 

0.28 

0.26 

11  ...    . 

0.69 

0.63 

0.66 

0.51 

0.46 

0.42 

0.37 

0.34 

0.31 

0.27 

12.    .    .    . 

0.75 

0.68 

0.61 

0.66 

0.6 

0.46 

0.41 

0.37 

0.34 

0.3 

13.    .    .    . 

0.82 

0.74 

0.66 

0.6 

0.66 

0.49 

0.44 

0.4 

0.36 

0,83 

14  ...    . 

0.88 

0.8 

0.71 

0.64 

0.69 

0.63 

0.48 

0.43 

0.39 

0.36 

16  ...    . 

0.96 

0.86 

0.76 

0.69 

0.63 

0.57 

0.51 

0.46 

0.42 

0.38 

16.    .    .    . 

1.01 

0.91 

0.82 

0.74 

0.67 

0.61 

0.64 

0.6 

0.45 

0.4 

17  ...    . 

1.07 

0.97 

0.87 

0.78 

0.72 

0.66 

0.58 

0.58 

0.48 

0.42 

18.   .    .    . 

1.13 

1.03 

0.92 

0.83 

0.76 

0.68 

0.61 

0.66 

0.6 

0.46 

19.    .    .    . 

1.2 

1.08 

0.97 

0.87 

0.8 

0.72 

0.65 

0.59 

0.63 

0.47 

20.    .    .    . 

1.26 

1.14 

1.02 

0.92 

0.84 

0.76 

0.68 

0.62 

0.66 

0.6 

21  ...    . 

1.32 

1.2 

1.07 

0.97 

0.88 

0.8 

0.71 

6.66 

0.69 

0.62 

22.    .    .    . 

1.39 

1.26 

1.12 

1.01 

0.92 

0.84 

0.76 

0.68 

0.62 

0.66 

23.   :  .   . 

1.46 

1.31 

1.17 

1.06 

0.97 

0.87 

0.78 

0.71 

0.64 

0.67 

24.    .    .    . 

1.61 

1.37 

1.22 

1.1 

1.01 

0.91 

0.82 

0.74 

0.67 

0.6 

26.    .    .    . 

1.67 

1.42 

1.27 

1.15 

1.06 

0.96 

0.86 

0.78 

0.7 

0.62 

26  .... 

1.64 

1.48 

1.33 

1.2 

1.09 

0.99 

0.88 

0.81 

0.73 

0.66 

27  ...    . 

1.7 

1.54 

1.38 

.1.24 

1.13 

1.03 

0.92 

0.84 

0.76 

0.67 

28.    .    .    . 

1.76 

1.6 

1.43 

1.29 

1.18 

1.06 

0.96 

0.87 

0.78 

0.7 

29.    .    .    . 

1.83 

1.65 

1.48 

1.33 

1.22 

1.1 

0.99 

0.9 

0.81 

0.72 

80.    .    .    . 

1.89 

1.71 

1.53 

1.38 

1.26 

1.14 

1.02 

0.98 

0.84 

0.76 

31  ...   . 

1.96 

1.77 

1.68 

1.43 

1.3 

1.18 

1.06 

0.96 

0.87 

0.77 

82.    .    .    . 

2.02 

1.82 

1.63 

1.47 

1.34 

1.22 

1.09 

0.99 

0.9 

0.8 

33.    .    .    . 

2.08 

1.88 

1.68 

1.52 

1.39 

1.25 

1.12 

1.02 

0.93 

0.82 

34.    .    .    . 

2.14 

1.94 

1.73 

1.56 

1.43 

1.29 

1.16 

1.06 

0.96 

0.86 

36.    .    .    . 

2.2 

2. 

1.78 

1.61 

1.47 

1.33 

1.19 

1.08 

0.98 

0.87 

86.    .    .    . 

2.27 

2.06 

1.84 

1.66 

1.61 

1.37 

1.22 

1.12 

1.01 

0.9 

37  ...    . 

2.83 

2.11 

1.89 

1.7 

1.65 

1.41 

1.26 

1.16 

1.04 

0.92 

38.    .    .    . 

2.39 

2.17 

1.94 

1.76 

1.6 

1.44 

1.29 

1.18 

1.06 

0.96 

89.    .    .    . 

2.46 

2.22 

1.99 

1.79 

1.64 

1.48 

1.33 

1.21 

•1.09 

.0.97 

40.    .    .    . 

2.62 

2.28 

2.04 

1.84 

1.68 

1.62 

1.36 

1.24 

1.12 

1. 

41  ...    . 

2.68 

2.34 

2.09 

1.89 

1.72 

1.56 

1.39 

1.27 

1.16 

1.02 

42.    .    .    , 

2.66 

2.39 

2.14 

1.93 

1.76 

1.6 

1.43 

1.3 

1.18 

1.06 

43  ...    . 

2.71 

2.46 

2.19 

1.98 

1.81 

1.63 

1.46 

1.33 

1.2 

1.07 

44.    .    .    . 

2.77 

2.61 

2.24 

2.02 

1.85 

1.67 

1.6 

1.86 

1.23 

1.1 

46.    .    .    . 

2.83 

2.66 

2.29 

2.07 

1.89 

1.71 

1.63 

1.39 

1.26 

1.12 

46.    .    .   . 

2.9 

2.62 

2.35 

2.12 

1.93 

1.76 

1.66 

1.43 

1.29 

1.16 

47.    .    .    . 

2.96 

2.68 

2.4 

2.16 

1.97 

1.79 

1.6 

1.46 

1.32 

1.17 

48  ...    . 

3.02 

2.73 

2.45 

2.21 

2.02 

1.82 

1.63 

1.49 

1.34 

1.2 

49.    .    .    . 

3.09 

2.79 

2.5 

2.25 

2.06 

1.86 

1.67 

1.52 

1.37 

1.22 

60  ...    . 

3.16 

2.86 

2.66 

2.3 

2.1 

1.9 

1.7 

1.55 

1.4 

1.26 

62  ...    . 

3.27 

2.96 

2.66 

2.39 

2.18 

1.98 

1.77 

1.61 

1.46 

1.3 

64.    .    .    . 

3.4 

8.08 

2.75 

2.48 

2.27 

2.06 

1.84 

1.67 

1.61 

1.86 

66.    .    .    . 

3.63 

3.19 

2.86 

2.58 

2.35 

2.13 

1.9 

1.74 

1.57 

1.4 

68.    .    .    . 

8.65 

3.31 

2.96 

2.67 

2.44 

2.2 

1.97 

1.8 

1.62 

1.46 

60.    .    .    . 

3.78 

3.42 

3.06 

2.76 

2.52 

2.28 

2.04 

1.86 

1.68 

1.6 

62.    .   .    . 

8.91 

3.63 

3.16 

2.85 

2.6 

2.36 

2.11 

1.92 

1.74 

1.66 

64  ...    . 

4.08 

3.65 

3.26 

2.94 

2.69 

2.43 

2.18 

1.98 

1.79 

1.6 

66  .... 

4.16 

3.76 

3.37 

3.04 

2.77 

2.51 

2.24 

2.05 

1.85 

1.66 

68  ...    . 

4.28 

3.88 

3.47 

3.13 

2.86 

2.58 

2.81 

2.11 

1.9 

1.7 

70  ...    . 

4.41 

3.99 

3.57 

3.22 

2.94 

2.66 

2.38 

2.17 

1.96 

1.76 

-^ 

WINOIKO  or  BLBCTR0MAONBT8. 


123 


Ap«c*  oceuRied  by  Siagia  Cmttrnm* 


Wire  Numbers,  ] 

B.  ac  a  Gauge : 

Toms  or 

Lajren. 

17 

18 

19 

20 

21 

22 

23 

24 

72 

3.67 

3.31 

3.02 

2.74 

2.45 

2.23 

2.02 

1.8 

74 

8.77 

3.4 

8.11 

2.81 

2.52 

2.29 

2.07 

1.85 

76 

3.88 

3.5 

3.19 

2.89 

2.58 

2.36 

2.13 

1.9 

78 

3.98 

3.68 

3.28 

2.96 

2.65 

2.42 

2.18 

1.95 

80 

4.08 

3.68 

3.36 

3.04 

2.72 

2.48 

2.24 

2. 

82 

4.18 

3.77 

3.44 

3.12 

2.79 

2.54 

2.3 

2.05 

84 

4.28 

3.86 

3.53 

3.19. 

2.86 

2.6 

2.35 

2.1 

86 

4.39 

3.96 

3.61 

8.27 

2.92 

2.67 

2.41 

2.15 

88 

4.49 

4.06 

3.7 

3.34 

2.99 

2.73 

2.46 

2.2 

90 

4.69 

4.14 

3.78 

8.42 

3.06 

2.79 

2.52 

2.25 

V2c   •••••. 

4.23 

3.86 

3.5 

3.13 

2.85 

2.58 

2.8 

94 

4.32 

3.96 

3.57 

3.2 

2.91 

2.63 

2.85 

96 

4.42 

4.03 

3.65 

3.26 

2.98 

2.69 

2.4 

98 

4.61 

4.12 

3.72 

3.33 

3.04 

2.74 

2.45 

100 

4.6 

4.2 

3.8 

3.4 

3.1 

2.8 

2.5 

102 

•   *  •   • 

4.28 

3.88 

3.47 

3.16 

2.86 

2.55 

104 

•   •  •  « 

4.37 

3.95 

3.54 

3.22 

2.91 

2.6 

106 

■   •  •   • 

4.45 

4.03 

3.6 

3.29 

2.97 

2.65 

108 

•   «  *   • 

4.54 

4.1 

3.67 

3.35 

8.02 

2.7 

110 

.... 

•    •  •  • 

4.18 

3.74 

3.41 

3.08 

2.75 

112 

•   »  •   • 

4.26 

3.81 

3.47 

3.14 

2.8 

114 

4.88 

3.88 

3.53 

3.19 

2.85 

116 

•   •  •   • 

4.41 

8.94 

8.6 

3.25 

2.9 

118 

•   •  •  • 

4.48 

4.01 

8.66 

3.3 

2.96 

120 

•   •  •  • 

•   •  •   • 

4.56 

4.08 

8.72 

3.36 

3. 

•pace  oceiipi^d  bj  l^avblc  C«ttam- 


oonpi' 


Wire  Numben,  B.  A  8.  Q»use: 

TamBor 

Lftyen. 

4 

5 
0.4 

6 

7 
0.32 

8 

9 

.10 

11 

12 

13 
0.16 

14 

2.    .    . 

0.444 

0.356 

0.284 

0.252 

0.224 

0.202 

0.182 

0.15 

3.    .    . 

0.666 

0.6 

0.534 

0.48 

0.426 

0.878 

0,336 

0.303 

0.273 

0.24 

0.22 

4.    .    . 

0.888 

0.8 

0.712 

0.64 

0.568 

0.504 

0.448 

0.404 

0.364 

0.32 

0.29 

6.    .    . 

1.11 

1. 

0.89 

0.8 

0.71 

0.63 

0.56 

0.505 

0.455 

0.4 

0.36 

6.    .    . 

1.332 

1.2 

1.068 

0.96 

0.852 

0.756 

0.672 

0.606 

0.546 

0.40 

0.44 

7.    .    . 

1.554 

1.4 

1.246 

1.12 

0.994 

0.882 

0.784 

0.707 

0.637 

0.57 

0.51 

8.    .    . 

1.776 

1.6 

1.424 

1.28 

1.136 

1.008 

0.896 

0.808 

0.728 

0.65 

0.58 

9.    .    . 

1.998 

1.8 

1.602 

1.44 

1.278 

1.134 

1.008 

0.909 

0.819 

0.73 

0.66 

10.    .    . 

2.22 

2. 

1.78 

1.6 

1.42 

1.26 

1.12 

1.01 

0.91 

0.81 

0.73 

11.    .    . 

2.442 

2.2 

1.958 

1.76 

1.562 

1.386 

1.232 

1.111 

1.001 

0.89 

0.8 
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TMile  XVd. "  Uaear  Space  occupied  hj  D««l»le  <3«tt«B« 

Covcrcil  'Wir^m,  — Continued, 


Tumaor 

Wire  Numbers,  B.  &  S.  Gauge: 

lAyera. 

4 

5 

6 

7 

1.92 

2.08 

2.24 

2.4 

2.56 

2.72 

2.88 

3.04 

3.2 

3.36 

3.52 

3.68 

3.84 

4. 

4.16 

4.32 

4.48 

4.64 

4.8 

4.96 

V    •    « 

•  •  • 

•  •  « 

•  •  • 

•  •  • 

•  «   • 

•  ■  • 

•  •  • 

•  •   • 

•  •  • 

•  •  • 

•  •   • 

■  •   • 

•  •  • 

•  •   • 

•  •  • 

•  »  • 

•  p  • 

•  »  « 

■  •    • 

•  ■    • 

•  •   • 

•  •    • 

•  •   • 

8 

9 

10 

11 

12 

13 

0.97 
1.05 
1.13 
1.21 
1.3 

1.38 
1.46 
1.54 
1.62 
1.7 

1.78 
1.86 
1.94 
2.03 
2.11 

2.19 
2.27 
2.35 
2.43 
2.51 

2.59 
2.67 
2.75 
2.84 
2.92 

3. 

3.08 

3.16 

3.24 

3.32 

3.4 

3.48 

3.56 

3.65 

3.73 

3.81 
3.89 
3.97 
4.05 
4.21 

4.37 
4.54 
4.7 
4.86 

•  • 

14 

12.  . 

13.  . 

14.  . 

15.  . 

16.  . 

17.  . 

18.  . 

19.  . 
20     . 

21.  .    . 

22.  .    . 

23.  .    . 

24.  .    , 

25.  .    . 

26.  .    . 

27.  .    . 

28.  .    . 

29.  .    . 

30.  .    . 

31.  .    . 

32.  .    . 

33.  .    . 

35.  . 

36.  .    . 

37.  .    . 

38.  .   , 

39.  .    . 

40.  . 

41.  .    . 

42.  .    . 

43.  .    . 

44.  .    . 

45.  .    . 

46.  .    . 

47.  .   , 

4o  • 

49.  .    . 

50.  .    . 
52.   .    . 

54.    .    . 
56.    .    . 
58.    .    . 
60.    .    . 
62.    .    . 

• 

2 
2 
3 
3 
3 

3 

4 

4 
4 

4 

4 

.6< 
.1( 

.3: 

.51 
.7' 
\l\ 

34 

36 

)8 

\ 

J 

r 

I 
1 

5 
\ 

< 

• 
< 

< 
« 
• 
« 
• 
« 

i 
I 

2.- 

2.4 

lA 

J. 

).l 

i.i 

1. 

iA 

i.< 
l.< 
l.i 
>. 

i    • 

k 

2.n 

2.3. 
2.41 
2.6' 
2.SI 

3.o; 

3.2 
3.3J 
3.5< 
3.7^ 

3.92 
4.W 
4.2' 
4.4^ 
4.6S 

4.81 
4.9i 

•  • 

•  • 

•  • 

•  • 

•  ■ 

•  • 

•  • 

•  • 

■  •    < 

•  •    i 

m  • 

■  • 

•  •  « 

•  • 

•  •  i 

•  •  1 
m   •  1 

•  •    4 

•  •    1 

•  •    1 

•  •    < 

•  •    • 

36 

L4 

n 

1.7( 
1.8- 
1.9J 

2.i: 

2.2: 

2.4] 
2.5( 
2.7' 
2.8^ 
2.9( 

3.11 
3.2' 
3.4] 
3.« 
3.6$ 

3.K 

3.92 

4.11 

4.2 

4.4 

4.5^ 
4.6 
4.8 
4.9: 

•  • 

•  • 

•  • 

•  • 

m   •   I 

•  •  1 

•  •  1 

•  •  1 

•  «   1 
■  •   ■ 

•  •   ■ 

•  »   I 

•  •   i 

H 
16 
38 
I 

r 
I 

} 

i 

r 
I 

> 

\ 
I 
I 

1 
r 

i 

1.5 

1.62 
1.7( 
l.» 
2.0. 

2.1- 
2.2' 
2.31 
2.52 

2.et 

2.7: 
2.9 
3.0: 
3.1( 
3.2< 

3.4 
3.6: 
3.6J 
3.7i 
3.9] 

4.0! 
4.1( 
4.21 
4.4] 
4.6^ 

4.6< 
4.71 
4.9] 
5.0^ 

•  • 

•  • 

•  * 

•  • 

■  ■  1 

m  • 

•  •  < 

•  •   < 

•  •  1 

•  •   1 

•  •    * 

•  »   « 

■  •    ■ 

•  •   • 

12 
38 

1.344 

1.456 

1.568 

1.68 

1.79 

1.9 

2.02 

2.13 

2.24 

2.35 

2.46 

2.58 

2.69 

2.8 

2.91 

3.02 
3.14 
3.25 
3.36 
3.47 

3.58 

3.7 

3.81 

3.92 

4.03 

4.14 
4.26 
4.37 
4.48 
4.59 

4.7 
4.82 
4.93 
5.04 

•  •  • 

•  •  • 

•  •  ■ 

•  •  • 

•  •  • 

•  ■  ■ 

•  >  ■ 

»  •  • 
>  •  • 

•  •  • 

1.212 

1.313 

1.414 

1.51 

1.62 

1.72 
1.82 
1.92 
2.02 
2.12 

2.22 
2.32 
2.42 
2.53 
2.63 

2.73 
2.83 
2.93 
3.03 
3.13 

3.23 
3.33 
3.43 
3.54 
3.64 

3.74 
3.84 
3.94 
4.04 
4.14 

4.24 
4.34 
4.44 
4.55 
4.65 

4.75 
4.85 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  ■  • 

•  •  • 

1.092 

1.183 

1.274 

1.36 

1.46 

1.55 
1.64 
1.73 
1.82 
1.91 

2. 

2.09 

2.18 

2.28 

2.37 

2.4i5 
2.55 
2.64 
2.73 
2.82 

2.91 

3. 

3.09 

3.19 

3.28 

3.37 
3.46 
3.55 
3.64 
3.73 

3.82 

3.91 

4. 

4.1 

4.19 

4.28 
4.37 
4.46 
4.55 
4.73 

4.91 

•  V    • 

•  •  • 
«   •   • 
■   •   • 

0.88 

0.95 

1.02 

1.1 

1.17 

1.24 
1.31 
1.39 
1.46 
1.53 

1.61 
1.68 
1.75 
1.88 
1.9 

1.97 
2.04 
2.12 
2.19 
2.26 

2.34 
2.41 
2.48 
2.56 
2.63 

2.7 

2.77 

2.86 

2.92 

2.99 

3.07 
3.14 
3.21 
3.29 
3.36 

3.43 

3.5 

3.58 

3.65 

3.82 

3.94 
4.09 
4.23 
4.36 
4.53 
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"KV^^MAmmmr  Apace  oocnpleil  bj  D««l»le  C«itOB- 

Cover«d  l¥ti 


Wire  Numbers, 

B.  aad  S.  Gauge: 

Turoflor 

Layera. 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

7  .  •    .    . 

0.46 

0.42 

0.38 

0.35 

0.32 

0.29 

0.26 

0.24 

0.22 

0.2 

8.    .    .    . 

0.63 

0.48 

0.43 

0.4 

0.36 

0.33 

0.3 

0.27 

0.25 

0.23 

•  .    .    .    . 

0.69 

0.54 

0.49 

0.45 

0.4 

0.37 

0.34 

0.31 

0.28 

0.26 

10.   .   .   . 

0.66 

0.6 

0.64 

0.6 

0.46 

0.41 

0.37 

0.34 

0.31 

0.28 

11.    .    .    . 

0.78 

0.66 

0.69 

0.55 

0.5 

0.45 

0.41 

0.38 

0.34 

0.31 

12.   .   .    . 

0.79 

0.72 

0.66 

0.59 

0.54 

0.49 

0.46 

0.41 

0.37 

0.84 

13.    .   .   . 

0.86 

0.78 

0.71 

0.65 

0.50 

0.53 

0.49 

0.44 

0.41 

0.87 

14.   .   .    . 

0.92 

0.84 

0.76 

0.60 

0.63 

0.68 

0.63 

0.48 

0.43 

0.89 

16  ...   . 

0.99 

0.9 

0.81 

0.74 

0.68 

0.62 

0.66 

0.61 

0.47 

0.42 

16.   .   .   . 

1.06 

0.96 

0.86 

0.79 

0.72 

0.66 

0.6 

0.54 

0.5 

0.45 

17.   .   .   . 

1.12 

1.02 

0.92 

0.84 

0.77 

0.7 

0.64 

0.68 

0.53 

0.48 

18.   .   .   . 

1.19 

1.08 

0.97 

0.89 

0.81 

0.74 

0.86 

0.61 

0.66 

0.61 

W.   .   .   . 

1.26 

1.14 

1.03 

0.94 

0.86 

0.78 

0.71 

0.05 

0.59 

0.58 

20.    .   .   . 

1.32 

1.2 

1.08 

0.99 

0.9 

0.82 

0.75 

0.68 

0.62 

0.66 

21.    .   .    . 

1.39 

1.26 

1.13 

1.04 

0.95 

0.86 

0.79 

0.72 

0.65 

0.59 

22.    .   .   . 

1.46 

1.32 

1.19 

1.09 

0.99 

0.9 

0.83 

0.75 

0.68 

0.62 

28.   .   .    . 

1.52 

1.38 

1.24 

1.14 

1.04 

0.94 

0.86 

0.78 

0.72 

0.65 

24.    .    .    . 

1.68 

1.44 

1.3 

1.19 

1.08 

0.98 

0.9 

0.82 

0.76 

0.67 

26.    .    .   . 

1.65 

1.6 

1.35 

1.24 

1.13 

1.03 

0.94 

0.85 

0.78 

0.7 

28.   .   .    . 

1.72 

1.66 

1.4 

1.29 

1.17 

1.07 

0.98 

0.88 

0.81 

0.78 

27.   .    .    . 

1.78 

1.62 

1.46 

1.34 

1.22 

1.11 

1.01 

0.92 

0.84 

0.76 

28.   .   .    . 

1.86 

1.68 

1.51 

1.39 

1.26 

1.15 

1.05 

0.95 

0.87 

0.79 

29.   .    .    . 

1.91 

1.74 

1.57 

1.44 

1.31 

1.19 

1.09 

0.99 

0.9 

0.81 

80  ...    . 

1.98 

1.8 

1.62 

1.49 

1.35 

1.23 

1.13 

1.02 

0.03 

0.84 

31.   .   .    . 

2.05 

1.86 

1.68 

1.54 

1.4 

1.27 

1.16 

1.06 

0.96 

0.87 

32.    .    .    . 

2.11 

1.92 

1.73 

1.58 

1.44 

1.31 

1.2 

1.09 

0.99 

0.9 

33.   .    .    . 

2.18 

1.98 

1.78 

1.63 

1.49 

1.35 

1.24 

1.12 

1.02 

0.92 

84.   .    .    . 

2.26 

2.04 

1.84 

1.68 

1.53 

1.4 

1.28 

1.16 

1.06 

0.96 

36.    .    .    . 

2.31 

2.1 

1.89 

1.73 

1.58 

1.44 

1.31 

1.19 

1.09 

0.98 

36.   .    .    , 

2.38 

2.16 

1.95 

1.78 

1.62 

1.48 

1.35 

1.23 

1.12 

1.01 

87.   .    .    . 

2.44 

2.22 

2. 

1.83 

1.67 

1.52 

1.39 

1.26 

1.16 

1.04 

38.   .    .    . 

2.51 

2.28 

2.05 

1.88 

1.71 

1.56 

1.43 

1.29 

1.18 

1.07 

89.    .    .    . 

2.68 

2.34 

2.11 

1.93 

1.76 

1.6 

1.46 

1.33 

1.21 

1.09 

40.   .    .    . 

2.64 

2.4 

2.16 

1.98 

1.8 

1.64 

1.5 

1.36 

1.24 

1.12 

41.    .    .    . 

2.71 

2.46 

2.22 

2.03 

1.85 

1.68 

1.54 

1.4 

1.27 

1.16 

42.    .    .    . 

2.77 

2.52 

2.27 

2.08 

1.89 

1.72 

1.58 

1.43 

1.3 

1.18 

48.   .    .    . 

2.84 

2.58 

2.32 

2.13 

1.94 

1.76 

1.61 

1.46 

1.33 

1.21 

44.    .    .    . 

2.91 

2.64 

2.38 

2.18 

1.98 

1.81 

1.65 

1.5 

1.37 

1.28 

46.   .    .    . 

2.97 

2.7 

2.43 

2.23 

2.03 

1.85 

1.69 

1.53 

1.4 

1.26 

46.   .   .   . 

8.04 

2.76 

2.49 

2.28 

2.07 

1.89 

1.73 

1.57 

1.43 

1.29 

47.   .   .    . 

8.1 

2.82 

2.64 

2.33 

2.12 

1.93 

1.76 

1.6 

1.46 

1.32 

48.   .   .   . 

8.17 

2.88 

2.59 

2.38 

2.16 

1.97 

1.8 

1.63 

1.49 

1.84 

40.   .   .    . 

3.23 

2.94 

2.65 

2.43 

2.21 

2.01 

1.84 

1.67 

1.52 

1.37 

60.   .   .    . 

3.3 

3. 

2.7 

2.47 

2.25 

2.05 

1.87 

1.7 

1.56 

1.4 

62.   .   .   . 

3.43 

3.12 

2.81 

2.67 

2.34 

2.13 

1.95 

1.77 

1.61 

1.46 

VM 


BLEGTBOMAONET8. 


•  —  Itlaettr  Space  occ«pted  by  Doable  Cottoi 
Covered  irtrea.  —  Continued, 


Turns  or 
LayerB. 


54 
56 
58 
60 
62 


•   •   • 


64 
66 
68 
70 
72 

74. 
76. 
78. 
80. 
82. 

84. 
86. 
88. 
90. 
92. 

94. 

96. 

98. 
100. 
102. 


•   >   « 


104. 
106. 
108. 
110. 
112. 

114. 
116. 
118. 
120. 
122. 


Wire  numbers,  B.  and  S.  Gauge. 


15 


3.56 

3.7 

3.83 

3.96 

4.09 

4.23 
4.36 
4.49 
4.62 
4.76 


16 


3.24 

3.36 

3.48 

3.6 

3.72 

3.84 

3.96 

4.08 

4.2 

4.32 


17 


2.92 
8.03 
3.13 
3.24 
3.35 

3.46 
3.57 
3.67 
3.78 
3.80 

4. 

4.11 

4.21 

4.32 

4.43 

4.54 
4.65 
4.75 


18 


2.67 
2.77 
2.87 
2.97 
3.07 

3.17 
3.27 
3.37 
3.47 
3.67 

3.67 
3.76 
3.86 
3.96 
4.06 

4.16 
4.26 
4.36 
4.46 
4.56 

4.66 
4.75 


19 


2.43 

2.52 

2.61 

2.7 

2.79 

2.88 
2.97 
3.06 
3.15 
3.24 

3.33 

3.42 

3.51 

3.6 

3.60 

3.78 
3.87 
3.96 
4.05 
4.14 


4. 
4. 
4. 
4, 
4 


23 

32 

41 

5 

59 


4.68 


20 


2.22 

2.3 

2.38 

2.46 

2.54 

2.63 
2.71 
2.79 
2.87 
2.95 

3.04 

3.12 

3.2 

3.28 

3.36 

3.45 
3.53 
3.61 
3.69 
3.77 

3.86 

3.94 

4.02 

4.1 

4.18 


4 
4 
4 
4 
4 


27 
85 
43 
,51 
59 


21 


2.03 

2.1 

2.18 

2.25 

2.33 

2.4 

2.48 

2.55 

2.63 

2.7 

2.78 

2.85 

2.03 

3. 

3.08 

3.15 

3.23 

3.3 

3.38 

3.45 

3.53 

3.6 

3.68 

3.75 

3.83 

3.9 

3.98 

4.05 

4.13 

4.2 

4.28 
4.35 
4.43 
4.5 


22 


1.84 

1.9 

1.97 

2.04 

2.11 

2.18 
2.25 
2.31 
2.38 
2.45 

2.52 
2.59 
2.65 
2.72 
2.79 

2.86 
2.93 
2.99 
3.06 
3.13 

3.2 

3.27 

3.33 

3.4 

3.47 


3 

3. 

3 


54 
61 
67 
3.74 
3.81 


3.88 
3.95 
4.01 
4.08 
4.15 


23 


1.67 

1.74 

1.8 

1.86 

1.92 

1.99 
2.05 
2.11 
2.17 
2.23 

2.3 

2.36 

2.42 

2.48 

2.54 

2.61 
2.67 
2.73 
2.79 
2.85 

2.92 

2.98 

3.04 

3.1 

3.16 

3.23 
3.29 
3.35 
3.41 
3.47 

3.54 

3.6 

3.66 

3.72 

3,78 


24 


1.51 
,1.57 
1.63 
1.68 
1.74 

1.79 
1.85 
1.91 
1.96 
2.02 

2.07 
2.13 
2.19 
2.24 
2.3 

2.35 
2.41 
2.47 
2.52 
2.58 

2.63 

2.69 

2.76 

2.8 

2.86 

2.91 
2.97 
8.03 
3.08 
3.14 

3.19 
3.25 
3.31 
3.36 
3.42 


NoTB.  —  Because  of  the  compression  of  the  insulation  on  wirfis  wound  in 
layers,  and  the  tendency  of  the  wires  of  each  layer  to  "bed"  between  those 
of  the  preceding  layer,  a  given  number  of  layers  will  occupy  from  2%  to  8% 
less  space  than  the  same  number  of  turns  side  by  side,  according:  to  the  site 
of  wire  and  thickness  of  the  insulation.     Most  of  the  difference  m  due  to  the 


compression  of  insulation,  the  "bedding"  effect  being  almost  negligible. 
For  wires  of  medium  sise  with  single  cotton  insulation,  an  allowance  of  4% 
will  usually  be  ample  to  cover  the  increase  in  number  of  layers  within  a  given 
space. 


WINDING   OF  ELECTROMAGNETS.  127 


Altor«ati«y»Cnrreat  Klectroaiaipieto. 

The  cores  of  eleetromecn^ts  to  be  need  with  alternatiiiff  currents  must 
be  lamimtted,  and  the  laminations  must  run  at  right  angles  to  the  direc- 
tion in  which  eddy  currents  would  be  set  up.  Eddy  currents  tend  to  cir- 
culate parallel  to  the  coils  of  the  wire,  and  the  laminations  must,  therefore, 
be  longitudinal  to  or  parallel  with  the  axis  of  the  cores. 

The  coils  of  an  alternating-current  electromagnet  offer  more  resistance 
to  the  paosageof  the  alternating  ciirrent  than  the  mere  resistance  of  the 
oooduotor  in  ohms.  This  extra  resistance  is  called  inductance,  and  this 
combined  with  the  resistance  of  the  conductor  in  ohms  produces  the  quality 
called  imptdance,     (See  Index  for  Impedance,  etc.) 

If  L  —  coefficient  of  self-induction, 
N  —  cycles  per  second, 
R  —  resistance, 

Impedance  -  Vija  +  4  »2iV«L»; 


•ad. 

Maximum  current  — 

Mean  current  — 


Maximum  E.M«F* 
Impedance 

Mean  E.M.F. 
Impedance. 


HeAttnff  of  Haipiet  Colls. 

Profbbsor  Fobbbb. 


/  »  current  permissible. 

Ti  -<•  resistance  of  coil  at  permissible  temperature. 
Permissible  temperature  »-  cold  r  X  1>2. 

(   -•  rise  in  temperature  C^. 

s   ««  sq.  cms.  surface  of  coil  exposed  to  air. 


-V^- 


.0003  X  <  X  s 
.24  X  ri 


Iaw  of  Ukm  Pliuigrw  Klootroaiacmot. 

Charles  R.  Underfaill  gives  the  following  formula  as  having  been  found 
by  practise  the  most  accurate  and  complete  for  the  design  of  plunger  electro- 
niagnets. 

Let        P  -•  pull  in  potmds. 

B  »  flux  densatv  in  the  working  air-gap. 

I  -i  length  of  the  air-oap.  ^ 

TS  X  ampere-turns  in  the  winding. 

A  —  cross  section  of  plunger  in  sq.  in. 

P«  o  pull  at  10,000  ampere-turns  and  1  sq.  in.  of  plunger. 

n  "■  ampere-turn  factor.  . 

L  ^  length  of  iht  winding  in  inches. 

Then,  the  pull  due  to  an  iron-dad  solenoid  is 

AP*  UN  -  n) 
"■      10,000  -  n    • 

and,  at  points  along  the  uniform  range  of  solenoids,  the  pull  for  the  plunger 
electromagnet  willbe 

'^      ^  \7,076,e00  P  ^   10.000  -  n  / 

Here  I  must  include  the  extra  length  assumed  due  to  the  rductanoe  outside 
of  the  working  air-gap. 
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ELECTROMAGNETS. 


Am 


Factor  At  IMCereBt 


1 

2 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 


P. 

n 

33.0 

3600 

28.3 

3160 

23.4 

2800 

19.2 

2600 

16.0 

2200 

13.8 

1970 

12.2 

1760 

11.0 

1680 

10.0 

1400 

9.2 

1230 

8.4 

1100 

7.8 

960 

7.2 

840 

6.8 

725 

6.4 

625 

6.0 

526 

6.7 

430 

6.3 

350 

5.0 

270 

4.7 

210 

To  approximate  the  ourve  of  a  plunger  eleotromagnet  at  pointa  between 
the  center  of  the  windingi  and  the  end  of  tiie  winding  where  the  plunger 
enters,  assume  that  the  curve  is  a  straight  line  for  tiie  last  .4  of  the  dis- 
tance: then  the  pull  at  any  point,  la  as  measured  in  inches,  back  from  the 
end  of  the  winding,  will  be 


-(^ 


/JV» 


laP*(m  -n) 


076,600  i^   '    .4  L  (10,000 


(8) 


where  L  equals  length  of  the  windin|(.    In  this  it  is  assumed  that  the  winding 
is  approximately  as  long  as  the  inside  of  the  frame. 

In  eases  where  a  low  density  in  the  core  is  used,  the  curve  for  the  iron- 
clad eoleaoid  effect  cannot  be  calculated  with  so  high  a  degree  of  accuracy. 


w,iiMim»}W}M7mj7m. 


Figs.  2,  3,  4  and  6.    Shapes  of  Eleotromagnets. 
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130  klbctromagnets. 

Fll,  3  ■howl  Ik  ilniplfl  soil  uiil  pliinsaT  Mid  Fig.  4  ths  ums  munat,  but 
wllb  u  Iron  Jaoket  or  raturn  circuit  about  the  onUlda  ot  tba  wlnJltiK. 
Tin*  is  ujunllj  referred  to  as  an  Iron-clad  Kleaolil. 

Bt  piaelng  a  "  slop"  Luido  tlie  winding  at  the  rear  and  of  the  Imu« 
we  have  the  plunger  eleclromagDat  lu  Fig.  S. 

It  I*  to  be  obaerred  that  the  swne  ooll  and  the  same  plniuer  are  tued  la 
each  etv).     The  erosa  lectlon,  A,  ot  the  plunger  Is  ]uat  1  aauare  Ineb. 

Baferrlng  to  Fig.  B,curTe"<il'  is  due  to  tbe  limple  call  Bad  plunger  In 

Flg.S.uidourTe'^6"  Is  due  to  the  Iron-elad  »lenofd  In  Flg.4,  the  wapers- 

lurns  In  the  winding  being  10,000  In  all  cases.     It  will  be  notload  that  the 

onlv difference  Ijetweeh  ourTes"o"  and"ft"li  thst  onr*e"i"  Is  sllihtly 

higher  at  dletaneas  grentar  than  8  In.,  owing  to  the  oonilnenient  ot  the 

fleld.  and  atw  (hat  ft  bends  upward  tor  short  distances  Instead  of  falling 

I        off  like  curre  "  a."     This  latter  effect  li  due  to  the  attraetkon  between 

■^        the  end  of  the  plunger  uid  (he  Iron  frame  of  the  IrunHjIad  solenoid.    How- 

"^  ever,  the  pull  thranghont  the  oenter  of  the  winding  Is  the  same  In  both 

Where  thwe  is  a  high  densUr  of  the  hues  of  ioroe  m  the  piungec    an 

additional  reluctanoa  is  In  eriileace  which 
I  must  be  added  to  the  length  of  the  wo  k 

'  ing  air-g&p. 

The  range  of  a  solenoid  is  the  dist&nea 

through  whicb  lie   plunger  will  piBrform 

work  whan    the    winding    is    energised.  ,       y 

The  greater  the  length  of   the  go  enotd  I 

the  grsater  will  be  the  jange.  as  the  range  ' 

varies  in  nearly  direct    proportion   wi  h 

the  length  ol  the  aolenoid.     The  range  of 

tbe  solenoid  Is  nearly  constant  regardlew 

ot  the  ampere-tums,  but  the  atl  aetloo 

or  pull  on  the  plunger  Tarleg  direot  y  with 

aled,  there  being  some  TKrIatInn  be  ow 
this  point  doe  to  change  in  the  perme- 
ability  of  the  plunger, 

*^  J — •- — ^: aolenffld,  the  pull  ahoiild  Fio 


ll 


be  taken  at  »  pmnt  on  tba  eurve  which      DiSeren    Lengths  with  Plunger 
pull,  the  e 


rablv  b^ow  the  maximum,  a*         sq    n  Is  Croa»fieetit 

thiswiilallo'    '  ■    -    -  -  -. 


sreattyuiEnuedr^ 


PBOPBBTIE8  OF  WIBE8  AND  CABLB8. 

RsYiaBD  BT  Harold  Pbndkr,  Ph.D. 


Thk  unit  of  resiBtanoe  now  univenally  uaed  is  the  IntemationAl  Ohm. 
The  foUowing  multiples  of  this  unit  are  sometimes  employed. 

Megohm   —  1,000,000  ohms. 
Microhm  -  0.000,001  ohm. 

The  followinf^  table  giyee  the  value  of  the  principal  nractical  units  of  resis- 
tance which  existed  i^evious  to  the  establishment  of  tne  International  Units. 


UnH. 

International 
Ohm. 

B.A. 
Ohm. 

Legal  Ohm 
1884. 

Biemens's 
Ohm. 

International  ohm.    . 

B.  A.  ohm 

Legal  ohm 

Siemens's  ohm    .    .    . 

1. 

0.9866 
0.9972 
0.9407 

1.0136 
1. 

1.0107 
0.9635 

1.0028 
0.9894 
1. 
0.9434 

1.0630 
1.0488 
1.06U0 
1. 

Thus  to  reduce  British  Association  ohms  to  international  ohms  we  divide 
by  1.0136.  or  multiply  by  0.9866;  and  to  reduce  legal  ohms  to  international 
ohms  we  divide  by  1.0028.  or  multiply  by  0.9972,  etc. 


Lei 


Then 


or 


Apectflc  B«elet»BC«. 

'I  >■  length  of  the  conductor. 
A  ai  croes  section  of  the  conductor. 
R  —  resistance  of  the  conductor. 
p  -B  specific  resistance  of  the  conductor. 

p  -  R-j' 


If  /  is  measured  In  eentimeten  and  A  In  square  oentimetert,  p  la  the 
resisUuice  of  a  centimeter  cube  of  the  conductor.  If  I  is  measured  in 
inches  and  A  tn  square  inches,  p  Is  the  resistance  of  an  inch  cube  of  the 
conductor. 

In  telegraph  and  telephone  practice,  specific  resistance  is  sometimes 
expressed  as  the  weight  per  mile-ohm^  whion  Is  the  weight  in  pounds  of  a 
oondnetor  one  mile  long  naving  a  resistance  of  one  ohm. 

Another  oommon  way  of  expressing  specific  resistance  is  in  terms  of 
okmg  per  mU^ooi,  i.e.,  the  resistance  of  a  round  wire  one  foot  long  and 
OJMXI  Inch  In  diameter ;  I  is  then  measured  in  feet  and  A  in  circular  mils. 

MIorohms  per  inch  cube  «  0.3087  X  microhms  per  centimeter  cube. 

Pounds    per    mile-ohm  ^  Visn  x  microhms    per     centimeter    cube  X 

specific  gravity. 

Ohms  per  mil-foot  ««  6.016  X  microhms  per  centimeter  cuoe. 
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PROPERTIES  OP  CONDUCTORS. 


c  ■■ 


SpedAc  ComdactlTtty  is  the  reciprocal  of  specific  reaiBtance.  If  e  — 
•peofic  conductivity 

I 

RA* 

1 
c  ■■  -• 

P 

By  Relattre  or  Perceiitoc«  CoadmotlTtty  of  a  sample  is  meant 
100  times  the  ratio  of  the  conductivity  of  the  sample  at  standard  tem- 
perature to  the  conductivity  of  a  conductor  of  the  same  dimensions  made 
of  the  standard  material  and  at  standard  temperature.  If  Po  is  the  spe<ufic 
resistance  of  the  sample  at  standard  temperature  and  p«  is  the  8i>Mnfic  resist- 
ance of  the  standard  at  standard  temperature,  then 

Percentage  conductivity  >■  100  —  • 

Po 
In  comparing  different  materials,  the  specific  resistance  should  always 
be  determined  «t  the  standard  temperature,  which  is  usually  taken  as  u^ 
Centigrade.  If  it  is  inconvenient  to  measure  the  resistance  of  the  sample 
at  the  standard  temperature,  this  mav  be  readily  calculated  if  the  tem- 
perature coefficient  a  of  the  sample  is  known,  i.e., 

l  +  ot 
where  pt  is  the  specific  resistance  at  temperature  t. 

Hf  attlileaaeii'a  StandArd  of  Condacttvlty,  which  is  the  commercial 
standard,  is  a  copper  wire  having  the  following  properties  at  the  standard 
temperature  of  0°  C. 

Specific  gravity  8.89. 

Length  1  meter. 

Weiji;ht  1  gram. 

Resistance  .141729  ohms. 

^>ecific  Resistance  1.694  microhms  per  cubic  centimeter. 

Relative  Conductivity      100%. 

ftpoctflc  Redatonco,  Relative  Roalatanco, 

Conductivity  of  Conductors. 

Referred  to  Matthiessen's  Standard. 


Resistance  in  Microhms 

at  0* 

'C. 

Relative 

Relative 

Metals: 

• 

Resis- 

Conduc- 

Centimeter 
Cube. 

Inch  Cube. 

tance. 
% 

tivity. 
% 

Silver,  annealed    .    .    . 

1.47 

.679 

92.6 

108.2 

Copper       " 

1.56 

.610 

97.5 

102.6 

Copper    (Matthiessen's 

Standard). 
Gold  (99.9% pure) 
Aluminum  (99%  pure) 

1.594 

.6276 

100 

100.0 

2.20 

.865 

188 

72.5 

2.56 

1.01 

161 

62.1 

Zinc 

5.75 

2.26 

862 

27.6 

Platinum,  annealed .   . 

8.98 

3.63 

665 

17.7 

Iron 

9.07 

3.67 

670 

17.6 

Nickel 

12.3 

4.86 

778 

12.9 

Tin 

13.1 

6.16 

828 

12.1 

Lead 

20.4 

8.04 

1.280 

7.82 

Antimony 

35.2 

18.9 

2,210 

4.63 

Mercury 

Bismuth 

94.3 

87.1 

6,930 

1.69 

130. 

61.2 

8,220 

1.22 

Carbon  rgraphitic)  .    . 
Carbon  (arc  light)    .    . 

2,400-42.000 

960-16.700 

about  4.000 

about  1.690 

Selenium 

6X10M 

^  2.38 X10» 

GENERAL. 
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LiquidB  at  IS*'  C. 


Pure  water  .... 
Seawater  .... 
Sulphiiric  acid,  6% 
Bulphoric  acid,  30% 
Sulphuric  acid,  80% 
Nitric  acid.  30%  . 
Zinc  sulphate.  24% 


Ohms  per  Oenti- 

Ohms  per  Inch 

meter  Cube. 

Cube. 

2660 

1050 

30 

11.8 

4.86 

1.93 

1.37 

.544 

9.18 

3.64 

1.20 

.512 

21.4 

8.54 

The  reeistanee  of  a  conductor  varies  with  the  temperature  of  the  con- 
ductor. 


Let 
Then 


Ro  ■■  Remstance  at  0^. 
B   -"  Reflistance  at  f . 


a  Is  ealled  the  teff^temhure  coefficient  of  the  conductor.    100  a  is  the  per- 
centage change  in  resistance  per  degree  change  in  temuerature. 

The  followmg  yalues  of  the  temperature  ooefBoienthaTe  been  found  for 
temperatures  measured  in  degrees  Centigrade  and  in  decrees  Fahreiiheit. 
It  is  to  be  noted  that  the  ooeffloients  vary  oonsiderahly  with  the  purity  of 
the  conductor. 


Pure  Metals. 

Centigrade 

* 

Fahrenheit 

SUver,  annealed 

Copper,  anneided     .... 
GoH(99.9%) 

Aliimmiiim  (00%)    -     .     .     - 
Zine ,    .    .    . 

0.00400 

0.00428 

0.00377 

0.00423 

0.00406 

0.00247 

0.00625 

0.0062 

0.00440 

0.00411 

0.00389 

0.00072 

0.00354 

0.00222 
0.00242 
0.00210 
0.00235 
0.00226 

Iran         .......*• 

0.00137 
0.00347 

Kiekel 

0.00345 

Tin 

0.00245 

Lead 

0.00228 

Antimony 

Mercury 

Biamotn 

0.00216 
0.00044 
0.00197 

Matthieesen's  formula  for  soft  copper  wire 

«  -  Ro  (1  +  .00387(  +  .00000597(»). 

The  wire  used  by  Matthiessen  was  as  pure  as  could  be  obtained  at  the 
time  (1860),  but  in  reality  contained  considerable  impuntiea;  the  above 
formula,  therefore,  is  not  generally  applicable.  Later  experiments  have 
shown  that  for  all  practical  work  the  above  equation  for  copper  wire  may 

be  written  J?  -  /Jo  (1  +  .00420  for  tin  •  C. 
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Tlie  turn  of  wires  are  ordiiutfily  exyiceaed  by  an  arbitrary  aeriflt  of  num- 
Unfortimately  there  are  several  independent  aiunperlnc  methods, 
so  that  it  is  always  neoesiary  to  specify  the  method  or  wire  gauce  used. 
The  following  table  gires  the  numbers  and  diameters  in  deeimal  parts  of  an 
inch  for  the  various  wire  gauges  used  in  this  country  and  England. 


Number 

of 

Wire 

Gaxige. 

Koeblingor 

Washburn 

Alioens. 

Brown  A 
Sharps. 

Birming- 
ham, or 
Stubs. 

English 

LegaTStand- 

ard. 

OldEnrlish, 
or  London. 

6-0 

.460 

•  •  •  • 

.464 

6H) 

.430 

■  •«••• 

•  •  •  • 

.432 

•  ■••■• 

4-0 

.893 

.4600 

.454 

.400 

.4540 

3-0 

.362 

.4096 

.425 

.372 

.4250 

2-€ 

.831 

.OtMo 

.380 

.348 

.3800 

0 

.307 

.3249 

.840 

.824 

.8400 

1 

.288 

.2898 

.300 

.300 

.3000 

2 

.268 

.2676 

.284 

.276 

.2840 

8 

.244 

.2294 

.259 

.252 

.2590 

4 

.226 

.2043 

.288 

.232 

.2380 

6 

.207 

.1819 

.220 

.212 

.2200 

6 

.192 

.1620 

.203 

.192 

.2030 

7 

.177 

.1443 

.180 

.176 

.1800 

8 

.162 

.1285 

.165 

.160 

.1650 

0 

.148 

.1144 

.148 

.144 

.1480 

10 

.136 

.1019 

.184 

.128 

.1340 

11 

.120 

.09074 

.120 

.116 

.1200 

12 

.106 

.08081 

.109 

.104 

.1090 

13 

.092 

.07196 

.005 

.092 

.0050 

14 

.080 

.06408 

.088 

.080 

.0830 

15 

.072 

.05706 

.072 

.072 

.0720 

16 

.068 

.06082 

.065 

.064 

.0650 

17 

.054 

.04525 

.058 

.056 

.0580 

18 

.047 

.04030 

.049 

.048 

.0490 

19 

.041 

.03589 

.042 

.040 

.0400 

20 

.035 

.03196 

.035 

.036 

.0350 

21 

.082 

.02846 

.032 

.032 

.0315 

22 

.028 

.02634 

.028 

.028 

.0295 

23 

.026 

.02257 

.025 

.024 

.0270 

24 

.023 

.02010 

.022 

.022 

.0260 

25 

.020 

.01790 

.020 

.020 

.0230 

26 

.018 

.01594 

.018 

.018 

.0206 

27 

.017 

.01419 

.016 

.0164 

.01876 

28 

.016 

.01264 

.014 

.0148 

.01650 

29 

.015 

.01125 

.013 

.0136 

.01550 

ao 

.014 

.01002 

.012 

.0124 

.01875 

31 

.0185 

.00693 

.010 

.0116 

.01225 

32 

.0130 

.00795 

.009 

.0108 

.01126 

33 

.0110 

.00708 

.008 

.0100 

.01025 

84 

.0100 

.00630 

.007 

.0092 

.0095 

85 

.0005 

.00561 

.005 

.0084 

.0090 

36 

.0090 

.00500 

.004 

.0076 

.0075 

37 

.0085 

.00445 

•  •  •  V 

.0068 

.0065 

38 

.0080 

.00897 

■  •  «  • 

.0060 

.0057 

39 

.0075 

\00353 

•  •  •  ■ 

.0052 

.0050 

40 

.0070 

.00814 

•  •  ■  • 

.0048 

.0045 
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and  eteel  wire, 
deetrical 


—  Used  almost  univeraally  in  thia  country  for  iron 

C}tt«f«.  —  The  American  standard  for  wires  for 
ical  purposes. 
— naliir>uuH  «mm.  —  Used  largely  in  Ensland  and  also  in  thja 
eounti/for  wires  other  than  those  made  especially  for  electrical  piupoees* 
eBoepting  iron  wire. 


lAW  Of  tlM 


*  SlMtniM 


The  diameters  of  wires  on  the  B.  and  S.  gauce  are  obtained  from  the 
seometrio  series  in  which  No.  0000  »  0.4600  inch  and  No.  86  —  .005  in., 
the  nearest  fourth  significant  figure  bong  retained  in  the  areas  and  diameters 
so  deduced. 


Let 
Then 


n  =■ 
d  - 

(f - 


gauge  number  (0000  «■  -  3;  000 

diameter  of  wire  in  inches. 
0.8249 

1.128*  ' 


--  2;00  -  -  1). 


WinB  laiiger  than  No.  0000  B.  and  S.  are  seldom  made  solid  but  are 
built  up  of  a  number  of  small  wires  into  a  strand.  The  group  of  wires  is 
called  a  ** strand:"  the  term  *'wire"  being  reserved  for  the  individual  wires 
of  the  strand.  Strands  are  usually  built  up  of  wires  of  such  a  siae  that  the 
cross  section  of  the  metal  in  the  strand  is  the  same  as  the  cross  section  of  a 
solid  wire  having  the  same  gauge  number. 

If  n  -"  number  of  concentric  lasrers  around  one  central  strand,  ' 


then 


8  (n*  +  n)  +  1  , .      -     metal  area 

— \a        i^v,         ■"  ratio  of rr-r; • 

(2  n  + 1)3  available  area 


The  number  of  wires  that  will  strand  will  be  8  n  (n  +  1)  +  1. 


Number  of  Strands. 

metal  area 
available  area 

1 

1.000 

7 

.778 

19 

.760 

87 

.766 

61 

.768 

91 

.762 

>li<»Mtlit»g  Gore.  —  The  number,  N,  of  sheathing  wires  having  a  diara- 
,  d,  which  will  cover  a  core  having  a  diameter,  D,  is 


N 


OOPPBB    WIRE    TABLES 
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IM^jvlcal  CoaatoBto  of  ConmerclAl  ITIre.  —  Avemf^t) 


Per  Cent  Condactrrity  (Matthieasen's  Standard  100) 

Spedfio  Gravity 

Pounds  in  1  cubic  foot 

Pounds  in  1  cubic  inch 


Pound*  per  mile  per  circular  mil 

^     Ibe. 
Ultimate  Strength 


aq.  m. 

Modulus  of  Etasticity  •      v  ^  !„     •    • 

m.  A  SQ>  in. 

Cbeffietant  of  Linear  Expansbn  per  ^  G. 


Coeffident  of  linear  Expansion  per  **  F 

Melting  Point  in  "*  G 

Melting  Point  in  "*  F 

Specific  Heat  (watt-seconds  to  heat  1  lb.  1**  G.)  .    . 

Thermal  Conductivity  (watts  through  cu.  in.,  tem- 
perature gradient  1^  C.) 

Resistanoe: 
Microhms  per  centimeter  cube  0^  C 

Microhms  per  inch  cube  0^  C 

Ohms  per  mil-foot  0*  0 

Ohms  per  mil-foot  aO*"  C 

Resbtanoe  per  mile  QP  C 

Reostanoe  per  mile  20"  C 

Pounds  per  mOe ohm O^C 

Pounds  per  mile  ohm  20^  G •   .   .   .   . 

Tenqierature  Coefficient  per  **  G 

Temperature  Coefficient  per  *  F 


Annealed. 


100 

8.0 

555 

.321 

.0160 

23.000 

.0000171 

.0000095 

1050 

1920 

176 


8.7 

1.594 

.6276 

9.59 

10.36 

50.600 

oir.  mils. 

54.600 

oir.  mils. 

810 

875 

.0042 

.00233 


Hard. 


08 

8.94 

558 

.323 

.0161 

55,000 

16,000.000 

.0000171 

.0000005 

1050 

1920 

176 

8.7 

1.626 

.6401 

9.78 

10.57 

51.600 

cir.  mils. 

55.700 

<»r.  mils. 

890 


.0042 
.00233 
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Table  flliowUiir  tli«  Sffect  of  AdwIxtHre 
»p«cUlc  ^teantltlM  of  Varfow  " 

MATTBOaSBN. 


of  Copper  wttk 


Substances  alloyed  with  Pure  Copper. 


Carbon: 

Copper  with 

Sulphur: 
Copper,  with 

Phosphorus: 
Copper,  with 
Copper,  with 
Copper,  with 

Arsenic: 
Coppor,  with 
Copper,  with 
Copper,  with 

Zinc: 
Copper,  with 
Copper,  with 
Copper,  with 

Iron: 
Copper,  with 
Copper,  with 

Tin: 

Copper,  with 
Copper,  with 
Copper,  with 

SUver: 
Copper,  with 
Copper,  with 

Qohl: 
Copper,  with 

Aluminum: 
Copper,  with 


.05  per  cent  of  carbon    .   . 

.  18  per  cent  of  sulphur  .   . 

.  13  per  cent  of  phosphorus 
.95  per  cent  of  phosphorus 
2.5  per  cent  of  phosphorus 


traces  of  arsenic     •   • 

2.8  por  cent  of  arsenic 

5.4  per  cent  of  arsenic 

traces  of  sine  .... 
1.6  per  cent  of  sine  . 
3.2  per  cent  of  sine  . 

.48  per  cent  of  iron  . 
1 .06  per  cent  of  iron . 

1 .33  per  cent  of  tin  . 
2.52  per  cent  of  tin  . 

4.9  per  cent  of  tin .   . 

1.22  per  cent  of  silver 
2.45  per  cent  of  silver 

• 

3.5  per  cent  of  gold  . 

10  per  cent  of  aluminum 


Conducting 

Power  of 

Hard-dnawn 

Alloy,  Pure 

Soft  Copper 

being  lOO. 


Temperature 

Centigrade. 

Degrees. 
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Below  are  given  the  Oopper  Wire  Tablet  of  the  Amarloeii  Inetitute  of 
Eleetoneal  Engmeera.  The  table  for  the  Brown  and  Sharpe  fauge  ie  derived 
fronk  Uie  following  formula: 

Lei  n  M  wire  gauge  number. 

d  ■■  diameter  of  wire  in  Inehee. 
(XM.  ••  area  in  oiroular  mils. 

r  «i  redatanoe  in  ohms  per  1000  feet  at  20*  0. 
m  «i  weight  in  pounds  per  1000  feet. 
0.8249 


Then  d  ^ 

CM.  - 


1.128* 
105,600 


1.261* 
r  -  0.00811  X  1.261* 

819.5 
•  -  1.261* 


A  useful  approximate  formula  for  resistanoe  per  1000  feet  at  about  20*  C. 
r  -  0.1  X  2'.  ^ai  -  1.26;  2i  -  1.5o). 


From  this  it  is  seen  that  an  increase  of  3  in  the  wire  number  corresponds 
to  doubling  the  resistanoe  and  halving  the  cross  section  and  wsight.  Also; 
that  an  increase  of  10  in  the  wire  number  increases  the  resistance  10  times 
and  diminishes  the  oross  section  and  weight  to  ^th  their  original  values. 

Tlie  data  in  the  following  table  has  been  computed  as  follovrs :  Mat- 
thiessen's  standard  resistivity,  Matthiessen's  temperature  coefficient,  speoifie 
gravity  of  oopper  -^S^.     Resistanoe  in  terms  oi  the  international  ohm. 

Matthieflsen's  standard  1' meter  gramme  of  hard  drawn  copper— O.IMB 
BJL.V.  ^V*C.    Batio  of  resistivity  hard  to  soft  copper  1.0226. 

Matthlessen*s  standard  1  meter  gramme  of  soft  drawn  oopper— 0.14366 
B.A.n.  0  OP  C.     One  B.A.X7.  —  0J666  international  ohm. 

MatthMssen's  standard  1  meter  gramme  of  soft  drawn  oopper— 0.l4l729 
international  ohm  at  0*^  G. 

TMnperature  coefficients  of  reilstanee  for  2fP  C,  SO''  C,  and  BOP  C,  1.07968, 
1.20826  and  1.38681  respectively.    1  foot  -  0.3048028  meter,  1  pound  -  463.5W66 


Althou^  the  entries  in  tho  table  are  carried  to  the  fourth  significant 
digit,  the  computations  have  been  carried  to  at  least  five  figures.  The  last 
digit  is  therefore  correct  to  within  half  a  unit,  representingan  arithmettcal 
degree  of  accuracy  of  at  least  one  part  fn  two  thousand.  The  diameters  of 
the  B.  A  8.  or  A.  W.  G.  wires  are  obtained  from  the  geometrical  series  in 
which  No.  0000=0.4000  Inch  and  No.  96=0.006  Inch,  the  nearest  fourth  sig- 
niflcant  dijit  being  retained  In  the  areas  and  diameters  so  reduced. 

It  is  to  be  observed  that  while  Matthiessen's  standard  of  resistivity  may 
be  permanently  reeognlxed.  the  temperature  coefficient  of  its  variatiori 
wUefa  he  introduoed,  and  which  is  here  used,  may  In  future  undergo  slight 
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PROPERTIES  OP  CONDUCTORS. 


The  following  oondenfled  copper  wire  tables  for  both  solid  and  stranded 
•oDductors  are  more  conYenient  for  ordinary  calculations. 

0o1td  Copper  inv«~100%  JII»tthleMea*M  Standard. 


Diam. 

Mils. 

Weight.    Ponnda. 

Resistance,  20^  C. 
68«F. 

No. 
B.A8. 

Area, 
ar.  Mils. 

Feet 

Bare. 

1000'. 

Mile. 

per 
Pouiid. 

1000'. 

Mile. 

0000 

000 

00 

0 

460 
400.0 
304.8 
324.9 

211.000 
107.800 
133,100 
106.500 

040.5 
508 
402.8 
319.5 

3.881 
2,682 
2.127 
1,687 

1.561 
1.969 
2.482 
3.180 

.04803 
.06170 
.07780 
.09811 

.2583 
.3258 
.4108 
.5180 

1 

2 
3 

4 

280.3 
257.0 
229.4 
204.3 

83.090 
00.370 
52.030 
41.740 

253.3 
200.9 
159.3 
126.4 

1.337 

1.062 
841.1 
667.4 

3,947 
4.977 
6.276 
7.914 

.12370 
.1560 
.1967 
.2480 

.6531 

.8237 

1.0386 

1.3094 

5 
0 
7 
8 

181.9 
102.0 
144.3 
128.5 

33.100 
20.260 
20.820 
10.510 

100.2 
79.46 
63.02 
40.98 

529.0 
419.5 
832.7 
263.9 

9.980 
12.580 
15.87 
20.01 

.3128 
.3944 
.4973 
.6271 

1.6516 
2.0824 
2.6257 
3.3111 

9 
10 
11 
12 

114.4 
101.9 
90.74 
80.81 

13,090 

10.380 

8.234 

0.530 

39.63 
31.43 
24.93 
19.77 

209.2 
186.0 
131.6 
104.4 

25.23 
31.82 
40.12 
50.59 

.7908 
.9972 
1.257 
1.586 

4.1754 
5.2652 
6.6370 
8.374 

13 
14 
15 
10 

71.90 
04.08 
57.07 
50.82 

5.178 
4,107 
3.257 
2.583 

15.68 
12.43 
9.858 
7.818 

82.79 
65.63 
52.05 
41.28 

63.79 
80.44 
101.4 
127.9 

2.000 
2.521 
3.179 
4.009 

10.560 
13.311 
16.785 
21.168 

17 
18 
19 
20 

45.20 
40.30 
35.89 
31.90 

2.048 
1.024 
1.288 
1.022 

6.200 
4.917 
3.899 
8.092 

32.74 
25.96 
20.59 
16.33 

161.3 
203.4 
256.5 
323.4 

5.055 
6.374 
8.038 
10.14 

20.600 
33.055 
42.440 
53.540 

STRANDED    COPPER   WIRE. 
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<7epp«r  Wlv«*100% 


No. 

Diam. 
Mils. 

Ai«a 
Or.MiJa. 

Weight  Pounda. 

Redetanoe  20*  C. 
68-F. 

Bare. 

LOOO*. 

Per 
Mile. 

Feet 
per  lb. 

1.000'. 

MUe. 

OOOO 
000 

00 
0 

1 

3 

8 

4 

1.152 
1.126 

1.002 
1.062 
1,035 

wv 

063 
027 
801 
855 

810 
770 
728 
670 

630 
500 
630 
470 

420 
375 
330 
201 

261 
231 

2.000.000 
1.500,000 
1.260.000 
1.000,000 
050,000 

000.000 
850,000 
800,000 
750.000 

700,000 
650.000 
600,000 
550.000 

500,000 
450.000 
400.000 
350.000 

300.000 
250.000 
211.600 
167.800 

133.100 

105.500 

83.600 

66.370 

62.630 
41.740 

6.100 
4.575 
3.813 
3.050 
2,808 

2.745 
2.503 
2.440 
2.288 

2.135 
1.083 
1.830 
1.678 

1.525 
1.373 
1.220 
1.068 

015 
762 
645 
518 

406 
322 
255 
208 

160 
127 

32.208 
24,156 
20.132 
16.104 
15,200 

14.404 
13.688 
12.883 
12.078 

11.273 

10.468 

0,662 

8,857 

8,052 
7,247 
6,442 
5.686 

4.831 
4.026 
3.405 
2,700 

2.144 
1.700 
1.347 
1.072 

845 
671 

.'210 
.262 
.328 
.346 

.364 
.385 
.400 
.437 

.468 
.504 
.546 
.506 

.655 
.728 
.810 
.086 

1.003 
1.312 
1.550 
1.040 

2.463 
3.106 
3.041 
4.026 

6.260 
7.874 

4)05177 
.006002 
.008282 
.010353 
.010000 

.01160 
.01218 
.01204 
.01380 

.01470 
.01508 
.01725 
.01882 

.02070 
.02300 
:02588 
.02058 

•.03451 
.04141 
.04808 
.06170 

.07780 
.00811 
.12370 
.15600 

.10670 
.2480 

4)2783 
.03644 
.04373 
.05466 
.05755 

.06072 
.06431 
.06832 
.07286 

.07800 
.08411 
.00108 
.00037 

.10030 
.12144 
.18664 
.15618 

.18221 
.21864 
.2583 
.3258 

.4108 
.5180 
.6581 
.8237 

1.0386 
1.3004 

Thie  table  is  calculated  for  untwisted  strands;  if  the  stratui  is  twisted  the 
.  VMS  section  of  the  copper  at  right  angles  to  the  length  of  the  strand,  the 
weight  per  unit  length  and  the  resistance  per  unit  lemrth  will  each  increase 
from  1  to  3  per  cent,  and  the  length  per  unit  weight  will  decrease  from  1  to  3 
per  cent,  depending  on  the  number  of  twists  per  unit  length  and  the  number 
of  wires  in  the  strand« 
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VsMrtle  Btwmm^tk  of  Capper  IVt 

ROKBIilNO. 


Numbers. 
B.&S. 
Gauge. 

Breaking  Weight.  Lbe. 

Numbers. 
B.&Q. 
Gauge. 

Breaking  Weight,  Lbe. 

Hard- 
drawn. 

Annealed. 

Hard- 
drawn. 

Annealed. 

0000 

000 

00 

0 

1 
2 
3 

4 

5 
6 
7 
8 

8,310 
6,580 
5.226 
4.558 

3,746 
3.127 
2.480 
1,067 

1.550 

1.237 

080 

778 

5.650 
4.480 
3.553 
2.818 

2.234 
1.772 
1.405 
1.114 

883 
700 
555 
440 

9 
10 
11 
12 

13 
14 
15 
16 

17 
18 
10 
20 

617 
480 
388 
307 

244 
103 
153 
133 

07 
77 
61 
48 

340 
277 
210 
174 

138 

100 

87 

60 

55 
43 
34 
27 

The  strength  of  soft  copper  wire  varies  from  32,000  to  36.000  pounds  per 
square  inch,  and  of  hard  copper  wire  from  45.000  to  68,000  pounds  per 
square  inch,  according  to  the  degree  of  hardness. 

The  above  table  is  calculatedfor  34,000  pounds  for  soft  wire  and  60,000 
poimds  for  hard  wire,  except  for  some  of  the  larger  siies,  where  the  breaking 
weight  per  square  inch  is  taken  at  50.000  pounds  for  0000,  000,  and  00, 
55.(K)0  for  0,  and  57,000  pounds  for  1. 


Copper  TelegrniplB  ^Ftre. 

ROBBLINO. 


Sise 

Resistance 

Breaking 

Weight 

Furnished 

in  Coils 

as  follows, 

Miles. 

Approx.  Bice 
E.B.B.  Iron  Wire 
Equal  to  Copper. 

B.&S. 
Gauge. 

in  Ohms 
per  Mile. 

Strength. 
Pounds. 

^e. 

0 

4.30 

625 

200 

1 

2  . 

10 

5.40 

525 

166 

1.2 

3 

11 

6.00 

420 

131 

.52 

4 

12 

8.70 

380 

104 

.65 

6     Iron-Wire 

18 

10.00 

370 

83 

1.20 

6*       Gauge. 

14 

13.70 

213 

66 

1.50 

8 

16 

17.40 

170 

62 

2.00 

0 

16 

22.10 

130 

41 

1.20 

10  ' 

In  handling;  this  wire  the  createst  care  should  be  observed  to  avoid  kinks, 
bends,  scratches,  or  cuts.  Joints  should  be  made  only  with  Molntire  Con- 
nectors. 

On  account  of  its  conductivity  being  about  five  times  that  of  Ex.  B.  B. 
Iron  Wire,  and  its  breaking  stroigth  over  three  times  its  weight  per  mile, 
copper  may  be  used  of  which  the  section  is  smaller  and  the  weight  leas  than 
an  equivalent  iron  wire,  allowing  a  greater  number  of  wires  to  oe  Strang  on 
the  poles. 

Besides  this  advantage,  the  reduction  of  section  materially  decreases  the 
electrostatic  capacity,  while  its  non-magnetic  character  lessens  the  self-induo- 
tion  of  the  line,  both  of  which  features  tend  to  increase  the  possible  speed  of 
signalling  in  telegn4>hing,  aad  to  sive  greater  clearness  of  enunciation  over 
td«phone  lines,  espeoially  those  of  great  length. 
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WciyM  9t  Copper  Wive. 

Ehousb  Stbtbm,  pkb  1,600  Fbst  and  peb  Mils,  in  Pounds. 


EDcUshLml 

Binninsham. 

Brown  &  Sharpe. 

jl 

9 

1^ 

Weight. 

h 

Weight. 

Diameter 
in  Mile. 

Weight. 

1000 

If  OK. 

MUe. 

1000 

Feet. 

Male. 

1000 
Feet* 

Mile. 

• 

6-0 

464 
432 
400 

652 
565 
484 

3,441 
2,083 
2,557 

5-0 

•   ••    •«   •■• 

4^ 

'454 

624   ■" 

3.204  ■" 

«  •  •  •  • 

460 

64i"    * 

3,382 

3^ 

372 

410 

2,212 

425 

547 

2.887 

410 

509 

2.687 

»-0 

34S 

367 

1,035 

380 

437 

2,308 

365 

403 

2.129 

0 

324 

318 

1,678 

340 

350 

1.847 

326 

320 

1.688 

1 

300 

272 

1,438 

300 

272 

1,438 

280 

258 

1.335 

2,276 

231 

1.217 

284 

244 

1.280 

258 

202 

1,064 

3 

252 

102 

1.015 

250 

203 

1,072 

220 

159 

838 

4 

232 

163 

860 

238 

171 

005 

204 

126 

665 

5 

212 

136 

718 

220 

146 

773 

182 

100 

529 

6 

102 

112 

580 

203 

125 

650 

162 

70 

419 

7 

176 

04 

405 

180 

08 

518 

144 

63 

331 

8 

160 

77 

400 

165 

82 

435 

128 

50 

262 

» 

144 

63 

331 

148 

66 

350 

114 

39 

208 

10 

128 

50 

262 

134 

54 

287 

102* 

32 

166 

11 

116 

41 

215 

120 

44 

230 

01 

25 

132 

12 

104 

33 

173 

100 

36 

190 

81 

20 

105 

13 

02 

25.6 

135 

05 

27.3 

144 

72 

15.7 

83 

14 

80 

10.4 

102 

83 

20.8 

110 

64 

12.4 

65 

\& 

72 

15.7 

83 

72 

15.7 

83 

57 

9.8 

52 

16 

64 

12.4 

65 

65 

12.8 

68 

51 

7.9 

42 

17 

56 

0.5 

50 

58 

10.2 

54 

45 

6.1 

32 

18 

48 

7.0 

36.8 

40 

7.3 

38.4 

40 

4.8 

25.6 

19 

40 

4.8 

25.6 

42 

5.3 

28.2 

36 

3.9 

20.7 

20 

36 

3.0 

20.7 

35 

3.7 

19.6 

32 

3.1 

16.4 

21 

32 

3.1 

16.4 

32 

3.1 

16.4 

28.5 

2.5 

13.0 

22 

28 

2.4 

12.5 

28 

2.4 

12.5 

25.3 

1.9 

10.2 

23 

24 

1.7 

0.2 

26 

1.0 

10.0 

22.6 

1.5 

8.2 

24 

22 

1.5 

7.7 

22 

1.5 

7.7 

20.1 

1.2 

6.5 

26 

20 

1.2 

6.4 

20 

1.2 

6.4 

17.0 

.97 

6.1 

26 

18 

.08 

5.2 

18 

.08 

6.2 

15.0 

.77 

4.0 

27 

16.4 

.81 

4.3 

16 

.77 

4.1 

14.2 

.61 

3.2 

26 

14.8 

.66 

3.5 

14 

.50 

3.1 

12.6 

.48 

2.6 

2» 

13.6 

.56 

3.0 

13 

.51 

2.7 

11.3 

.39 

2.0 

ao 

12.4 

.47 

2.5 

12 

.44 

2.3 

10.0 

.30 

1.6 

31 

11.6 

.41 

2.15 

10 

.30 

1.6 

8.9 

.24 

1.27 

s 

10.8 

.35 

1.86 

0 

.26 

1.3 

8.0 

.19 

1.02 

33 

10.0 

.30 

1.60 

8 

.10 

1.02 

7.1 

.16 

.81 

34 

0.2 

.26 

1.35 

7 

.16 

.78 

6.3 

.12 

.63 

36 

8.4 

.21 

1.13 

5        .075 

.40 

5.6 

.095 

.50 

36 

7.6 

.17 

.02 

4        .048 

.256 

5.0 

.076 

.40 

( 


The  diameters  glren  for  the  rarlons  sizee  are  those  to  which  the  wire  is 
aetnally  drawn. 


r 
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PBOPBRTIES  OF  CONOUCTOBS. 


ITelrl 

M  •f  Copper  Wtvs. 

Maisio  BrwrwM— 

-Feb  Kxlouetbr,  zir  Kxxx>aRAifB. 

Number 
of  Wire 
Gaufe. 

Roebling. 

Brown  ob 
Shvpe. 

Birmingham 
or  Stubs. 

EncliBh 

L«al 

Standard. 

.  6-0 

064.3 

•  •  •  • 

970.9 

6-0 

833.0 

p  •  •  •  • 

■  •  •  •  ■ 

841.6 

4-0 

606.6 

964.3 

929.4 

721.5 

8-0 

691.0 

756.8 

814.6 

624.0 

2-0 

494.1 

600.2 

661.3 

546.2 

0 

425.1 

480.4 

621.3 

473.4 

1 

361.2 

877.4 

405.8 

405.8 

2 

311.9 

209.3 

363.3 

343.6 

8 

268.5 

237.4 

302.6 

286.8 

4 

228.3 

188.3 

256.3 

242.7 

5 

193.2 

149.3 

218.3 

202.7 

6 

166.2 

118.4 

185.9 

166.2 

7 

141.3 

93.9 

146.1 

139.7 

8 

118.3 

74.6 

122.8 

115.4 

9 

98.8 

69.0 

98.8 

93.6 

10 

82.2 

46.8 

81.0 

73.9 

11 

64.9 

87.1 

64.9 

60.7 

12 

49.9 

29.6 

63.6 

48.8 

13 

38.2 

23.4 

89.8 

38.2 

14 

28.9 

18.6 

31.1 

28.9 

16 

23.4 

14.7 

Sil 

23.4 

16 

17.9 

11.7 

18.6 

17 

13.2 

9.23 

15.2 

14.1 

18 

9.96 

7.32 

10.8 

10.4 

19 

7.68 

6.80 

7.95 

7.22 

20 

6.62 

4.61 

6.62 

6.85 

21 

4.61 

8.65 

4.62 

4.61 

22 

8.64 

2.89 

3.54 

3.64 

23 

2.81 

2.16 

2.81 

2.69 

24 

2.88 

1.82 

2.19 

2.19 

25 

1.80 

1.44 

1.80 

1.80 

20 

1.46 

1.16 

1.46 

1.46 

27 

1.30 

.908 

1.16 

1.21 

28 

1.16 

.720 

.884 

.988 

20 

1.02 

.672 

.762 

.838 

80 

»%m% 

.462 

.640 

.604 

81 

.822 

.359 

.451 

.607 

82 

.762 

.284 

.365 

.625 

88 

.644 

.226 

.289 

.451 

84 

.451 

.179 

.220 

.881 

85 

.406 

.141 

.113 

.810 

86 

.366 

.113 

.071 

.260 

^ 


STANDARD  COPPBB  STRANDS. 
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ROEBLIKO. 


OM. 

Wires. 

Outoide 
Diam. 

Weicht 
Ibe.  per 
lOOOft. 

No. 

SUe. 

2,000.000 
l.ft60.000 
1.900.000 

127 
127 
127 

.1255 
.1230 
.1223 

1.632 
1.611 
1.500 

6100 
6048 
6706 

1360.000 
1.800.000 
1.750.000 

127 
127 
127 

.1207 
.1101 
.1174 

1.560 
1.548 
1.526 

6643 
6400 
6338 

1.700.000 
1.650.000 
1.600.000 

01 
01 
01 

.1367 
.1847 
.1826 

1.604 
1.482 
1.460 

6186 
6038 
4880 

1.550.000 
1.500.000 
1.450.000 

01 
01 
01 

.1305 
.1284 
.1262 

1.436 
1.412 
1.388 

4728 
4575 
4428 

1.400.000 
1.350,000 
1.300.000 

01 
01 
01 

.1240 
.1218 
.1105 

1.364 
1.340 
1.315 

4270 
4118 
3066 

1.350.000 
1.200.000 
1,150.000 

01 
61 
61 

,1172 
.1403 
.1878 

l!236 

3818 
3660 
8608 

1.100.000 
1.060.000 
1.000.000 

61 
61 
61 

.1843 
.1812 
.1280 

1.200 
1.181 
1.152 

3356 
8208 
3060 

050.000 
900.000 
850.000 

61 
61 
61 

.1247 
.1214 
.1180 

1.122 
1.008 
1.062 

2808 
2746 
2508 

800.000 
750.000 
700.000 

61 
61 
61 

.1146 
.1108 
.1071 

1.031 
.007 
.004 

2440 
2288 
2135 

660,000 
600.000 
550.000 

61 
61 
61 

.1082 
.0001 
.0040 

.020 
.802 
.854 

1088 
1830 
1678 

600.000 
460,000 
400.000 

61 
87 
87 

.0005 
.1108 
.1030 

.815 
.772 
.727 

1626 
1378 
1220 

850.000 
300.000 
2SOJ000 

87 
87 
87 

.0072 
.0000 
.0821 

.680 
.630 
.576 

1068 
015 
768 

( 


PBOPBETIBS  OF  CONDDCTOBB. 


Wirea. 

OoMde 
DiuDaMt. 

WmI>(. 

B.4.  8. 

No. 

SiH. 

ifesr 

"^ 

t: 

B 

.JS28 
AW 

MS 

1 

'1 

B 

1 

S23 
30S 

1 

; 

S 

.360 

tflO 

IS 

J 

1 

iE 

;is 

ao 
so 

33 

» 

\ 

.0800 

;8i!l 

1 

.(MS 

30 
S 

B  Wlr«.     NclM  Oaadw 


m  CiBuCo. 

DoaUaCovtnd. 

Tripla  CoTwad. 

Mil.. 

3««> 

aoB 

3910 

7*1 

,'8 

PROPERTIES   OP  CONDUCTORS. 
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Th«  following  tables  of  weigbto  of  wostherproof  wire  are  in  flwneml  use 
by  the  manufactorers  and  are  guaranteed  to  be  correct  within  3%. 


AFPaOXlMATB    WSIGHTS. SoLID. 


Siie. 
D.  AS. 
Gauge. 


0000 

000 

00 

0 

1 

2 
3 

4 
6 

e 

8 
9 
10 
12 
14 
16 
18 
20 


Double  Braid. 


Lbe.  per 
1000  ItT 


723 

687 

467 

877 

294 

289 

186 

161 

122 

100 

66 

64 

46 

30 

20 

16 

12 

9 


Lbs.  per 
Mile. 


3.817 

3,098 

2,467 

1.989 

1.668 

1.264 

977 

796 

646 

629 

349 

283 

241 

168 

107 

83 

64 

48 


Triple 

Braid. 

Lbs.  per 

Lbs.  per 

1000  ft. 

MUe. 

767 

4.060 

629 

3.320 

602 

2.660 

407 

2.160 

316 

1.670 

260 

1.370 

199 

1.060 

164 

866 

136 

710 

112 

690 

76 

396 

62 

326 

63 

280 

36 

186 

26 

130 

20 

106 

16 

86 

12 

66 

( 


Appboxuiatb  Wbiohts. - 

-Strandbd. 

Gapaaty. 

MUls. 

« 

2.000.000 

6.600 

86.323 

7,008 

37.000 

1.750.000 

6394 

81.119 

6,193 

32.700 

1.600.000 

6.098 

26,915 

6.380 

28.400 

1.250.000 

4.264 

22,616 

4.508 

23.800 

1.000.000 

3,466 

18.246 

8.674 

19.400 

900.000 

3,127 

16.613 

3.332 

17.600 

800.000 

2.799 

14.779 

2.992 

16.800 

760.000 

2.636 

13.913 

2.822 

14.900 

700.000 

2,471 

13.045 

2.660 

14.000 

600,000 

2.093 

11.062 

2.236 

11.800 

600.000 

1.766 

9.318 

1.894 

10.000 

450.000 

1,601 

8.452 

1.724 

9.100 

400.000 

1.436 

7.684 

1.563 

8.200 

360.000 

1.248 

0.689 

1.345 

7.100 

300.000 

IJOBZ 

5.721 

1.174 

6.200 

290.000 

907 

4.788 

966 

5.200 

Siae-B.  it  8. 

Gauge. 
0000 

746 

3.985 

800 

4.220 

000 

604 

3.190 

663 

3.450 

00 

483 

2,544 

682 

2.760 

0 

888 

2.061 

424 

2.240 

1 

;»8 

1,599 

328 

1.785 

2 

246 

1,301 

270 

1.426 

3 

190 

1.004 

206 

1.000 

4 

166 

820 

170 

900 

6 

126 

668 

140 

740 

6 

103 

644 

115 

010 

8 

68 

369 

78 

410 

WEATHEB-PROOP    WIRE. 


Thipm  Bhaib  —  Bl.™  Odtsidi. 

Uille. 

Stnioded. 

Solid. 

Capacity. 
Ciroulur 
Mill<. 

Stnudtd. 

Solid. 

tow 

Lbs. 

T 

KV', 

,ffi 

Lba. 

iSS," 

Lh>. 

1 

ION 

ZMOO 

E 

IQUO 

00 

0 

i 
If 

18 

1 

a 

131 
ST 

s 
i 

tea 

Mi 

i 

340 
280 

1 

30 

19 

Inn 

wEATUEa-paoor  iron  whub. 

A.pnoxtioTE  Wbiqht.  Pir  Mils. 

Gauge. 

as. 

'n:,r 

lis- 

Kf 

"1 

s 

s 

»,.|l 

a 

^ 

^ 

A 

PROI 

MAT! 

WCIOHTII  — TbIP 

M    Bk 

■D. 

« 

Slnraded. 

Solid. 

Hill). 

Stnmded. 

Solid. 

■r 

Lbs. 

■f 

Lbc. 

1000 

LtH- 

■^ 

Lbt. 

lis:. 

30S0 

3M0 
3280 

i 

000 

soo 

1 

! 

Eiifl— B.  & 

1 
1 

1 

18 

i 

i 

i 

I130 

'S 

g 

MO 

S 

100 
80 

u 

40 
30 



■■■■; 
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Adopted  Dee,  6,  2904. 


The  ESeetrical  Comzoittee  of  the  Underwriten  NatioiiAl  Aaaooiation 
reeommoaded  the  foUowinc.  which  was  adopted. 

]Saoh  foot  of  the  oompTeted  oovering  mutt  ahow  a  dieleotrio  strencth 
flofficieat  to  resist  throaghout  five  minutes  the  applioation  of  an  eleotro- 
motive  force  proportionate  to  the  thickness  of  insulation  in  aooordanoe 
with  the  following  table: 

Thickness  Breakdown  Test 

in  64ths  inches.  on  1  Foot. 

1 3.000  Volts  A.  C. 

2 6.000  " 

3 9.000  " 

4 11.000 

6 13,000 

6 16.000  " 

7 16,600  " 

8 18,000  •• 

10 21,000  "  " 

12 23,600  " 

16 28,000    •• 


««  •« 


lft«blMir  C^rered  irirce  Msd  Cables. 

(Made  hy  (General  Eleotrlo  Company.) 

Bobber  oorered  wires  and  cables  are  insulated  with  two  or  more  coats  of 
rubber,  the  inner  coat  in  all  oases  being  free  from  sulphur  or  other  sub- 
stance liable  to  corrode  the  copper,  the  best  grade  of  fine  Para  being  em- 
^ojed.    All  oonductors  are  hearlW  and  erenlv  tinned. 

nre  distinct  flniahes  can  be  furnished  as  follows: — White  or  black  braid, 
plain  lead  Jacket,  lead  iacket  protected  by  a  double  wrap  of  asphalted  Jute, 
toad  jacket  armored  with  a  special  steel  tape,  white  armored,  for  submarine 


For  tise  in  conduits  the  plain  lead  corerlng  is  recommended,  or  If  corro- 
sion is  especially  to  be  feared,  the  lead  and  asphalt.  For  use  where  no  con- 
duit is  available,  the  band  steel  armored  cable  is  best,  as  it  combines 
moderate  flezibiUty  with  great  mechanical  strength,  enabling  it  to  resist 
treatment  which  would  destroy  an  unarmored  cable. 

In  addition  to  the  ordinary  galranometer  tests,  wires  and  cables  are 
tested  with  an  alternating  current  (as  specified  in  table)  before  shipping. 

ftMcial  rubber  covered  wire  and  cable  with  lead  laclcets  will  be  covered 
with  the  following  thicknesses  of  lead  unless  otherwise  specified: 

Outaide  diameter  of  cable  (inside  diameter  of  lead  pipe). 

Up  to  and  including  .600*      ........  A' 

.601*  to    .760*.  inclusive A" 

.751' to  1.250',  inclusive A' 

1.251' to  1.5',  inclusive A^ 

Larger  than  1.501'            ^ 


PROPERTIES   OP  CONDUCTORS. 


Siw. 

1 

par  11  So  rt. 

1 

1 

1 

Toit  Pta- 

B.  4  8. 

11 

1 

1 

M 

.SB 

20 

33 

170 

^ 

A 

A 

1000 

lEOO 

ISO 
203 

33 

« 

203 

384 
297 

A 
A 

ft 
ft 

1000 
1000 

1600 
1500 

320 

43 

68 

M3 

314 

A 

ft 

1000 

1500 

341 

58 

74 

273 

336 

ft 

ft 

1000 

1600 

208 

81 

B(l 

318 

382 

ft 

ft 

1000 

1600 

3E3 

130 

ISO 

:isy 

411 

ft 

A 

3000 

-3500 

378 

169 

ISO 

433 

431 

ft 

A 

2000 

3S00 

3S4 

187 

210 

478 

463 

ft 

A 

2000 

2S00 

419 

230 

2H 

538 

478 

A 

A 

3000 

2600 

448 

273 

298 

£99 

607 

ft 

A 

2000 

3500 

MO 

363 

390 

722 

S70 

ft 

ft 

3600 

3500 

S7fl 

4B8 

487 

981 

636 

A 

ft 

2S00 

3500 

W 

fllB 

£33 

562 

1119 

676 

A 

ft 

3500 

3500 

OCIO 

681 

6« 

878 

1279 

721 

A 

ft 

2S0O 

MOO 

»». 

7,1 

704 

827 

U73 

771 

A 

ft 

3500 

3600 

o  to  bnld.    Add  i) 


Htar  ofdouble  bi 
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«d  CoMd«ct«r.~]l»tlOMal  Blcctrto  Code, 


II. 

Stranded. 

Siae. 

B.ftS.  and 

CM. 

ll 

Weight 

per  1000  ft. 

in  lbs. 

per  1000 
LMded. 

i 

ll 

13 

II 

Thickneaaof 
Rubber,  Inches. 

TeatPree- 

fure  for  30 

min. 

ll 

Double 
Braid. 

Weight' 
Feet.  J 

Red 
Gore. 

1 

White 
Gore. 

1« 

.196 

28 

43 

210 

.290 

A 

1000 

1500 

14 

.212 

35 

60 

228 

.306 

1000 

1500 

12 

.231 

46 

63 

253 

.325 

A 

A 

1000 

1500 

10 

.255 

63 

81 

288 

.349 

A  • 

A 

1000 

1500 

8 

.285 

86 

107 

335 

.379 

A 

A 

1000 

1500 

6 

.374 

139 

162 

410 

.433 

A 

A 

2000 

2500 

5 

.300 

165 

189 

455 

.455 

A 

A 

2000 

2500 

4 

.422 

197 

221 

507 

.481 

A 

A 

2000 

2500 

3 

.450 

240 

265 

567 

.509 

A 

A 

2000 

2500 

2 

.512 

289 

316 

639 

.541 

A 

A 

2000 

2500 

1 

.687 

381 

410 

935 

.647 

A 

A 

2500 

3500 

100000 

.616 

447 

476 

1030 

.676 

A 

A 

2500 

3500 

0 

.626 

464 

493 

1055 

.686 

A 

A 

2500 

3500 

125000 

.656 

513 

544 

1128 

.716 

A 

A 

2500 

3500 

00 

.609 

563 

595 

1202 

.730 

A 

A 

2500 

3500 

150000 

.690 

617 

650 

1276 

.760 

A 

A 

2500 

3500 

000 

.721 

683 

716 

1372 

.781 

A 

A 

2500 

3500 

aooooo 

.763 

800 

834 

1532 

.823 

A 

A 

2500 

3500 

0000 

.779 

835 

809 

1583 

.839 

A 

A 

2500 

3500 

250000 

.873 

1032 

1096 

2047 

.948 

A 

A 

4000 

5000 

300000 

.932 

1218 

1283 

2303 

1.008 

A 

A 

4000 

5000 

350000 

.976 

1381 

1449 

2527 

1.056 

A 

A 

4000 

5000 

400000 

1.027 

1548 

1617 

2753 

1.102 

1 

A 

4000 

5000 

500000 

1.113 

1888 

1958 

3202 

1.189 

4000 

5000 

WOOOO 

1.222 

22/5 

2354 

3725 

1.298 

6000 

6000 

700000 

1.294 

2619 

2707 

4148 

1.370 

A 

A 

6000 

6000 

750000 

1.328 

2791 

2880 

4355 

1.404 

A 

A 

5000 

6000 

800000 

1.360 

2959 

3051 

4912 

1.436 

A 

n 

6000 

6000 

900000 

1.423 

3205 

3390 

5340 

1.531 

s 

A 

5000 

6000 

lOOOOOO 

1.482 

3624 

3721 

5752 

1.590 

A 

5000 

6000 

1250000 

1.650 

4496 

4600 

7704 

1.820 

^ 

5000 

6000 

1500000 

1.772 

5319 

5432 

8754 

1.942 

1 

^ 

5000 

6000 

2000000 

1.992 

6958 

7075 

10821 

2.162 

* 

* 

5000 

■ 

6000 

I 


NoTB.  —  Wire  and  cable  No.  1  B.  A  S.  and  larger  have  tnpe  over  rub- 
ber in  addition  to  bmid.  Add  ^'  to  single  braid  for  diameter  of  double 
braid. 


i 


BUBBEB   INSULATED    WIBB8   AMD 


Dtaneter*  Bod  Wetghto 

Of  BmBU  Mm*  el  OoNm  Oomvd  Win. 

ffaffht  in  PoDxb  pw  1000  P*M. 

J4*»  — 

B.A8. 

B. 

C.C.     I 

.c.cl  s 

8.C, 

D.S.t 

.  s,c,c. 

'^' 

C.C.  8. 

J.C. 

D.B.C. 

moo 

0740 

I   .H4 

ta~ 

ono 

om 

10.081 

i( 

m 

xn 

o»o 

.011 

( 

m 

M8D 

!wi 

OW 

.013 

1 

130 

OMO 

MOO 

.lis 

IM 

nu 

an 

am 

oau 

030« 

DM 

mt     1 

liou 

0S41 

OMO 

1130 

OMC 

:»? 

1 

M4        I 

141 

l.»S 

vm 

OMO 

raiD 

om: 

.DM 

1 

081 

m 

1.040 

DM) 

Kt3 

.SIS 

873 

7»1 

.m 

3190 

ono 

.ttl 

703 

131 

OIM 

oaod 

iwe 

)1B 

.tM 

Ml 

DIU 

DIM 

0140 

in 

.411 

*i7 

m 

.«• 

Oltt 

Dim 

lUt 

.SM 

371 

31S 

.131 

9130 

OlTD 

t07 

9S4 

1106 

)I3 

ins 

203 

nio 

DUO 

ogs 

lU 

.174 

Wl 

ISl 

:iTs 

OIOS 

D143 

130 

.140 

cow 

»7S 

ire 

'.m 

tl» 

0085 

OUO 

ODH 

.OM 

111 

.OM 

X 

ut 

m 

OM 

« 

OOiO 

....  [ 

037 

.<M 
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PBOPEBTIES  OF  CONDUCTORS. 


OcMCWil  BMcctelc  CSonapaBj  WL 

Cable  i^'  R«MMr). 

Tin  FHanuBB.  —  Rbd  Cobb,  2500  Voiab;  Whitb  Cobb,  8000  Voiab, 

voB  30  MnctmcB. 

Wire, 


Siie. 
B«  A»  8* 


16 
14 
12 
10 
8 


Diameter, 
Single 
Braid, 
Inchm. 


.221 
.234 
.251 
.272 
.200 


Weight 

per  1000  ft. 

in  Lbs. 


33 
40 
51 
67 
91 


1^ 


&m 


48 
56 
67 
85 
100 


233 
249 
273 
305 
348 


.315 
.328 
.345 
.366 
.393 


Inralatioa 

ReeiBtaaoe  in 

Megohnis 

perBiila. 


Red 
Core. 


350 
350 
350 
350 
350 


¥niite 
Core. 


600 
600 
600 
600 
600 


Cable. 


16 

.227 

30 

56 

242 

.326 

^ 

850 

600 

14 

.243 

43 

61 

260 

.337 

350 

600 

12 

.262 

60 

80 

285 

.356 

A 

850 

600 

10 

.286 

78 

99 

316 

.380 

A 

850 

600 

8 

.316 

105 

127 

360 

.305 

A 

850 

600 

NoTB.  —  Add  A'  to  Ani^e  braid  for  diametflr  of  double 
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»f(. 

P 

A 

1^ 

aW,- 

S 

CM.            I 

11 

II 

^ 

^ 

it 

Cora. 

WUto 
Core. 

14 

3H 

Bl 

M) 

aos 

.376 

f, 

400 

700 

13 

SIS 

73 

OS 

318 

.303 

J 

400 

700 

3M 

80 

SSI 

.414 

400 

700 

13S 

700 

«14 

isa 

177 

467 

4IX) 

700 

at 

Ifll 

WW 

4BS 

.434 

SH) 

600 

236 

£46 

Jiia 

niso 

48! 

3AS 

JWl 

^ 

600 

MO 

aia 

»4rt 

874 

.666 

SfiO 

600 

671 

.632 

3A0 

«00 

507 

44<l 

47N 

1025 

.667 

t 

HMJ 

•00 

00 

MT 

64a 

B7* 

iiao 

.707 

soo 

600 

on 

903 

004 

1S23 

.763 

t 

ann 

0000 

743 

DM 

041 

1619 

.803 

aou 

500 

U 

au6 

eg 

Bl 

304 

.986 

A 

400 

700 

334 

S3 

.403 

400 

700 

10 

103 

ISO 

887 

s 

388 

131 

166 

410 

700 

6 

430 

201 

486 

.496 

i 

400 

700 

6 

468 

303 

339 

.618 

360 

4 

484 

333 

366 

683 

.623 

000 

643 

647 

.671 

360 

eoo 

3 

674 

336 

366 

.634 

360 

1 

618 

400 

438 

9B6 

.678 

360 

eoo 

lOOOOO 

467 

408 

1084 

.707 

J 

360 

eoo 

0 

867 

486 

350 

136000 

687 

H3 

660 

1183 

.7*7 

600 

701 

S8S 

618 

1356 

.781 

300 

GOO 

160000 

088 

672 

1320 

300 

000 

763 

709 

743 

1430 

.812 

300 

600 

lOOOOO 

7M 

838 

861 

IGBO 

.864 

300 

600 

0000 

810 

8M 

900 

1643 

-870 

_A_ 

300 

fiOO 

Nora,  —  Add  iV"  to  dnci*  braid  for  dianwUr  ot  doubla  braid. 
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PROPERTIES  OP  CONDUCTORS. 


Tan  PftonuBs. — 


(^''  Rubber). 

Rbd  Coaa,  7500  Volib;  Whitb  Coaa,  9000  VourSf 
rem  30  MxNUTBa. 

I.  Wire. 


B.  A  S« 


14 
12 
10 
8 
6 
5 
4 
8 

a 

0 

00 

000 

0000 


Diameter,  Single 
Braid,  Inches. 

Weight 

per  1000  ft. 

in  lbs. 

Single 
Braid. 

Double 
Braid. 

.379 

84 

106 

.300 

98 

121 

.417 

117 

141 

.444 

144 

160 

.477 

186 

213 

.527 

224 

252 

.540 

259 

287 

.572 

300 

329 

.603 

351 

880 

.634 

414 

445 

.670 

403 

525 

.710 

591 

625 

.755 

712 

746 

.805 

859 

805 

372 


398 


432 


479 


547 


583 


635 


852 


933 


1028 


1142 


1282 


1460 


1649 


.438 
.455 
.476 
.503 
.536 
.556 
.578 
.633 
.668 
.694 
.730 
.770 
.815 
.865 


*«  S 

S2- 


Insulation 

Resistance  in 

Megohms 

per  Mile. 


A 

1^ 


Red 
Core. 

White 
Core. 

600 

1000 

600 

1000 

600 

1000 

600 

1000 

550 

900 

550 

900 

650 

900 

550 

900 

550 

900 

550 

900 

500 

800 

300 

800 

300 

800 

800 

800 

^ 
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(A"  SaMer). 

FbBSBUiUB.  — Rbd  OoRB,  7500  Volts;  Wbitb  Gobs.  9000  Youn, 

lOB  30  MiNims. 

II.  Gable. 


B.  A  8.  and 
C«  M. 


14 

12 

10 

8 

0 

6 

4 

3 

2 

1 

100000 

0 

125000 

00 

150000 

000 

200000 

0000 

250000 

300000 

350000 

400000 

500000 

eooooo 

700000 
750000 
300000 
QOOOOO 
1000000 


.388 

.407 

.481 

.461 

.529 

.661 

.677 

.605 

.637 

.681 

.710 

.720 

.750 

.764 

.784 

.815 

.872 

.888 

.055 

.004 

1.042 

1.088 

1.175 

1.253 

1.325 

1.350 

1.391 

1.464 

1.513 


Weight 
per  1000  ft. 
in  lbs. 


80 

103 

125 

156 

210 

240 

277 

322 

376 

454 

514 

530 

682 

635 

680 

760 

014 

053 

1084 

1278 

1445 

1617 

1058 

2308 

2657 

2831 

3031 

8348 

3675 


3^ 


113 

127 

150 

182 

237 

268 

306 

351 

407 

486 

547 

564 

616 

660 

728 

706 

077 

1018 

1140 

1346 

1514 

1686 

2034 

2301 

2747 

2023 

3126 

8488 

3773 


373 

401 

430 

401 

563 

608 

821 

805 

081 

1104 

1102 

1216 

1290 

1364 

1443 

1545 

1029 

1087 

2178 

2444 

2672 

2901 

3350 

3700 

4222 

4781 

5012 

6482 

5852 


.447 
.466 
.490 
.520 
.558 
.580 
.636 
.065 
.697 
.741 
..770 
.780 
.810 
.824 

•  044 

.875 
.048 
.064 
1.031 
1.070 
1.118 
1.164 
1.261 
1.329 
1.401 
1.466 
1.498 
1.661 
1.620 


I 
I 

A 
A 

A 
A 

A 
A 
A 
A 

I 

A 


Insulation 
Renotanoe  in 
Megoluns 
MUe. 


V 

e 

a 


600 
600 
600 
600 
550 
650 
550 
550 
550 
550 
550 
500 
500 
500 
500 
500 
500 
500 
400 
400 
400 
400 
350 
350 
350 
300 
300 
800 
300 


il 


1000 
1000 
1000 
1000 
900 
900 
900 
900 
900 
900 
900 
800 
800 
800 
800 
800 
800 
800 
700 
700 
700 
700 
000 
000 
000 
500 
500 
600 
500 


( 


Nofnk  —  Add  ^  to  angle  braid  for 


of  double  braid. 
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PBOPBRTIES  OF  CONDUCTORS. 


l«M«i«l  Bl««telc  C}ompa»7  Rubber  lMs«lat«d  lfrti«  and 

Gable  (A'  Rubber). 

X»T  PAS88UBB . —  Rbd  Cobb,  12*000  VoxAB ;  Whitb  Coaa,  16.000 

VOLTBi    FOB   30   MINUTB8. 

L  Solid. 


Sise. 

B.  &a 


14 

12 

10 

8 

6 

5 

4 

8 

2 

1 

0 

00 

000 

0000 


J©T3 
0) 


.534 

.651 

.672 

.698 

.632 

.652 

.674 

.690 

.728 

.759 

.796 

.850 

.896 

.946 


Weight 

per  1000  ft. 

in  lbs. 


gqCQ 


166 
173 
196 
226 
272 
302 
340 
386 
441 
509 
592 
696 
861 
1011 


3 -a 


184 
201 
224 
255 
303 
333 
372 
419 
474 
543 
638 
732 
926 
1084 


512 

540 

735 

792 

872 

924 

982 

1053 

1137 

1235 

1356 

1708 

1898 

2109 


I 

i 


s. 


.562 
.680 
.601 
.668 
.602 
.712 
.734 
.759 
.788 
.819 
.855 
.926 
.971 
1.021 


•si 


a 


az 


A 

A 

A 
A 
A 
A 
A 


InBulation 

RMistanoein 

Mccohma 

per  Mile. 


Red 
Core. 


700 
700 
700 
700 
700 
600 
600 
600 
600 
600 
650 
650 
550 
650 


White 
Core. 


1200 
1200 
1200 
1200 
1200 
1100 
1100 
1100 
1100 
1100 
1000 
1000 
1000 
1000 


^ 
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Cable  (A'  Sirivtoei)  —  C&tUiwued, 
II.  Stranded. 


SiM^ 

B.  A  S.  and 

CM. 


14 

12 

10 

8 

e 

5 
4 
8 
8 
1 

100000 
0 

185000 
00 

uoooo 

000 
800000 
0000 
250000 
800000 
350000 
400000 
500000 
600000 
700000 
760000 
800000 
900000 
1000000 


.543 

.562 

.586 

.616 

.654 

.676 

.702 

.730 

.762 

.806 

.850 

.860 

.890 

.904 

.924 

.955 

.997 

1.013 

1.060 

1.119 

1.167 

1.213 

1.300 

1.878 

1.450 

1.484 

1.616 

1.579 

1.638 


Weight 
per  1000  ft. 
inlbe. 

n 

Double 
Braid. 

162 

190 

181 

209 

205 

233 

239 

268 

290 

320 

323 

354 

365 

397 

413 

447 

472 

506 

555 

501 

619 

656 

637 

676 

708 

769 

780 

844 

838 

903 

916 

981 

1042 

1110 

1083 

1151 

1225 

1294 

1424 

1404 

1600 

1676 

1781 

1860 

2138 

2226 

2497 

2580 

8854 

2950 

8080 

3127 

3205 

3304 

8667 

3658 

8900 

4004 

^« 

8 
5 

524 

.572 

566 

.591 

758 

.646 

822 

.676 

912 

.714 

968 

.736 

1034 

.762 

1112 

.790 

1201 

.822 

1332 

.866 

1638 

.926 

1660 

.936 

1750 

.966 

1884 

.960 

1917 

1.000 

2032 

1.031 

2212 

1.073 

2271 

1.089 

2473 

1.136 

2745 

1.196 

2dK() 

1.243 

3218 

1.289 

3679 

1.376 

4474 

1.485 

4938 

1.657 

5161 

1.691 

5384 

1.623 

5829 

1,687 

7085 

1.808 

A 
A 

A 
A 

t 
A 
A 

I 

A 

t 

i 


Insulation 

Resistance  in 

Mctgohms 

per  Mile. 


■ 

e 
8 


700 
700 
700 
700 
600 
600 
600 
600 
600 
550 
550 
550 
550 
650 
650 
550 
500 
500 
600 
500 
450 
450 
450 
400 
400 
860 
350 
350 
850 


1200 

1200 

1200 

1200 

1100 

1100 

1100 

1100 

1100 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

900 

900 

900 

900 

800 

800 

800 

700 

700 

600 

600 

600 

600 


Nora.  —  Add  ^  to  sina^  braid  for  diameter  of  double  braid. 

for  yfj"  insulation  the  insulation  resistanoe  will  be  in  proportion  with  A^ 
and  A^  insulation. 

Test  pressure  for  A'  Red  Core.  10,000  toIU;  White  Gore,  12.000  volts 
for  30  oiinutes. 


PBOPEBTIBS  07  CONDTJCTOHS. 


Tm  Psnaum 

.— 

3000 

VoLn 

roB  30  M 

HDTH, 

LMdod. 

MdCM. 

M 

S^a 

M 

!l 

i 

^^ 

1162 

A 

.806 

A 

,740 

44B 

aoo 

1M7 

BIS 

.862 

1728 

Bse 

.900 

068 

600 

188S 

t 

1122 

.950 

7S0 

500 

2123 

082 

; 

1.01« 

909 

2 

2358 

600 

2M7 

1,239 

1352 

GOO 

lOOOOO 

3082 

37*1 

i.aoi 

1492- 

600 

0 

3217 

MK 

1.327 

ISGOOO 

3631 

404 

1.38« 

1800 

500 

40*4 

••?4 

1.427 

10*7 

500 

IHOOOO 

4332 

1.470 

000 

461B 

m 

1,587 

23S1 

600 

4988 

724 

1,020 

2638 

0000 

S3t8 

■  ■ 

759 

1,002 

2S95 

EOO 

TmtPbb 

1.™.-— 8000  VoLTa  n 

H    30  UlHUTIS. 

Luded. 

Braidtd. 

iB-d- 

£^. 

III 

iJ 

i5,s 

». 

1 

.9 

i 

1892 

040 

641 

790 

2332 

1,230 

170 

912 

900 

240S 

1.292 

220 

1029 

900 

2936 

287 

1304 

900 

3364 

1,453 

asfl 

1378 

900 

3700 

1,548 

451 

1647 

SOO 

tooooo 

3947 

0 

4134 

1,B33 

.SSO 

800 

ISSOOO 

4385 

1.667 

AM 

2083 

SOO 

00 

4630 

oao 

2201 

80Q 

160000 

6372 

1.770 

000 

«10S 

1.900 

740 

2096 

800 

300000 

6500 

831 

2007 

800 

0000 

8893 

2  028 

365 

3238 

800 
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—   1 

.Bnid.1 

iilli. 

i 

1! 

M 

i 

i 

[«rSii«, 

8 

3453 

1.37a 

310 

ei3 

1300 

1.400 

i  1 

303 

1007 

1300 

6 

3382 

1234 

1300 

4 

3tSS 

l.SM 

406 

1352 

laoo 

i.es4 

556 

1634 

1300 

2 

40M 

1.723 

oao 

1200 

4471 

1.818 

721 

3030 

1100 

lOOOOO 

5190 

1.B43 

7M 

3100 

noo 

1.065 

SOfl 

3301 

1100 

lasooo 

0055 

3.030 

3400 

00 

6313 

3.000 

j   1 

UCXl 

387» 

1100 

2.103 

043 

2807 

1100 

ODD 

7013 

2.170 

i     ' 

3135 

sooooo 

7418 

3.361 

!     ' 

1111 

S431 

1100 

0000 

TS23 

3.3as 

I          ! 

135 

3707 

1100 

Tnr  Pmh 

ra«.  — 20,000  VoLTO 

n>m  30  Unmm. 

L«ded. 

Br.1d«d. 

iS.. 

M 

i! 

1 

i 

^SS- 

8 

4103 

1.878 

781 

1668 

1000 

S63 

1770 

1600 

6 

4061 

a.008 

■f-.       1 

VII 

1010 

4S8S 

3.064 

007 

2008 

ISOO 

1)27 

3381 

1500 

3 

0536 

2.3S0 

IKMl 

2486 

1 

oms 

2.3SI 

IM 

2792 

150D 

lOOOOO 

73GB 

2»08 

1100 

0 

7523 

2.130 

371 

S115 

135000 

7828 

3.600 

836 

3364 

1400 

a 

3503 

1400 

8400 

2.570 

417 

3813 

000 

8648 

3.041 

4R1 

4004 

9382 

3.731 

4378 

1300 

0000 

»736 

2.70O 

ao« 

4603 
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PROPBRTIES  OF   CONDUCTORS. 


CFemenil  BI«o*rie  CoHKp«ay 


Vl^xible  Djrmi 


Dkis  is  adaptfed  for  uae  as  bruah-hoider  leads,  or  to  any  use  where  great 
flexibility  is  required.  The  finish,  is  black  leased  linen  braid.  Eadi  wire 
of  the  strand  is  No.  25  B.  ^  S. 


DimensioBs  in  Inebes. 

Number 

Ciroular 
Mils. 

Wires  in 
Strand. 

Diameter 

Thickness 

Diameter 

Bare. 

Rubber. 

Over  All. 

25 

8.000 

.108 

.047 

.275 

50 

16.000 

.150 

.047 

.320 

75 

24.000 

.205 

.047 

.375 

100 

32.000 

.235 

.047 

.450 

150 

48.000 

.285 

.047 

.500 

200 

'*       64.000 

.325 

.047 

.540 

260 

80.000 

.850 

.047 

.600 

300 

96.000 

.385 

.065 

.665 

350 

112,000 

.425 

.065 

.705 

400 

128,000 

.460 

.065 

.740 

450 

144,000 

.485 

.065 

.765 

500 

160.000 

.570 

.065 

.810 

550 

176.000 

.530 

.065 

.830 

600 

192.000 

.570 

.065 

.870 

060 

208.000 

.605 

.065 

.935 

700 

224.000 

.625 

.065 

.955 

750 

240.000 

.640 

.065 

.970 

800 

256.000 

.680 

.065 

1.010 

900 

288.000 

.700 

.065 

1.080 

1000 

320.000 

.725 

.065 

1.055 

1250 

400.000 

.825 

.065 

1.165 

1500 

480.000 

.880 

.066 

1.213 

1750 

560.000 

.960 

.003 

1.360 

2000 

640,000 

1.060 

.003 

1.410 

2250 

720,000 

1.100 

.093 

1.500 

2500 

800.000 

1.200 

.093 

1.600 

2750 

880.000 

1.250 

.093 

1.650 

3125 

1.000.000 

1.430 

.093 

1.830 

SPECIAL   0ABLB8. 
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r  Ia«ala«ttd  Cable  for  Oar  Wtrtav. 

SntaiA  GoNDxrcTOB,  Wb4Thbrpboof  Fikibb. 

This  ohat  of  eable  is  made  with  sepoiator^  standard  oode  thieknesB  of  insu- 
lation ti^ie  and  ainglo4>x«id  weatbeiproof  finish. 

Standabd  Stbands. 


8iasB.*& 


Stranding. 


14 

13 

10 

8 

6 

4 

3 

1 

1/0 

3/0 


8/0 
310^ 


7/.0943 
7/.0IM 
7/.0880 
7/.(H85 
7/. 0613 
7/. 0773 
7/.0074 

i9/.oee4 

19/.0740 
19/.0838 
19/.0M0 
19/.1066 
37/. 0838 


Finishmi  Weight 

in  Fbiinds  per  M 

Feet. 


87 

48 

64 

90 

139 

197 

289 

381 

464 

868 


Diameter  in 
Inches. 


886 

1083 


.23 
.35 
.87 
.81 
.88 
.43 
.61 
.69 
.68 
.67 
.73 
.78 
.87 


I 


For  sadi  additional  braid,  add  approzhnately  ^  inch  to  diameter. 

SnraLB  Conductob,  FLAMBPnoOF  Finish. 

National  Elbctbic  Codb  Standabd. 

TUb  eiaas  of  oabie  is  made  with  separator,  standard  oode  thickness  of  in- 
snlatian  and  doi^le  braid  finish  —  the  first  braid  is  cotton,  well  compounded , 
the  aeoond  or  finishing  braid  is  filled  asbestos. 

Standabd  Stbands. 


Finished  Weight 

Diameter  in 
Inches. 

SbeB.ftS. 

Stnuding. 

inFbandsperM 
Feet. 

14 

7/.0248 

65 

.31 

13 

7/.oao6 

78 

.88 

10 

7/.0886 

99 

.86 

7/.0485 

128 

.89 

7/.0618 

189 

.47 

7/. 0773 

265 

.53 

7/.0974 

868 

.58 

19/.0664 

461 

.68 

1/0 

19/.0746 

546 

.73 

3/0 

19/.0e88 

660 

.77 

8/0 

19/.0940 

778 

.83 

4/0 

19/.1066 

987 

.88 

380,000 

87/.0628 

1188 

.99 

300,000 

87/.0806 

1880 

1.05 

850,000 

87/.0874 

1497 

1.10 

500.000 

61/.09Q6 

3024 

1.28 

780,000 

61/. 1110 

2945 

1.45 

IJXOJOOd 

61/. 1281 

3801 

1.63 

SPECIAL   CABLES. 
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RvblMir  Ilimil«««>d  CmMm  for  TrP«  V  Cloatrvl. 

For  oooneotia^  ooDtaoton  and  oo&irolleTB.  19/25  B.  ft  S.  nagle  oondnotor 
^^-tnch  rubber  maulation  is  uaed;  double  bnud  weatherproof  fioMh.  11m 
Dearest  ec^uivalent  awe  ia  number  12  B.  A  8. 

Tlie  weight  per  1000  feet  ia  62  pounda,  and  diameter  .25  inohea. 

Tbain  Cabubs. 

Multiple  oonduotoia,  each  sioffle  oonduotor  beinc  oompoeed  of  10/25  B.  A  S. 
wiree.  rubber  oovered,  aingie  braid  and  a  tape  and  oraid  fini^  overall. 


Number  of  Condoetors. 

Diameter  OveraH. 

Weight  per  1000  Ft. 

5 

.7 

255 

• 

.75 

848 

7 

,75 

878 

9 

.85 

470 

10 

.98 

608 

12 

1.03 

618 

SO 

1.28 

888 

JUMPEB  CaBLXS. 

Are  aimilar  in  oonfltruotion  to  train  cables  with  the  exception  that  the  group 
of  conduetorB  is  surrounded  by  a  rubber  jacket  and  a  double  braid  finish. 


Nomber  of  Condaotors. 

Diameter  Overall. 

Weight  per  1000  Feet. 

5 

.88 

371 

• 

.04 

461 

7 

.04 

401 

0 

1.00 

682 

10 

1.07 

687 

18 

1.30 

846 

20 

1.54 

1246 

Both  train  and  Jumper  cables  have  distinctive  marking  threads  woven  in 
the  brakl  of  each  conductor. 
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PROPERTIES  OF  CONDUCTORS. 


In  the  following  table  are  given  sIms  of  Navy^Standard  Wires  as  pet 
spedfieations  issued  by  the  Navy  Detiartment  in  March,  1897. 


I 

< 


4,107 

0,016 

11.368 

14,336 

18.081 

22.700 

30,856 

38,012 

40,077 

60,088 

75,776 

00.064 

124,028 

157.563 

108.677 

250,527 

206.387 

373,737 

413,630 


S5.a 


1 

7 

7 

7 

7 

7 

10 

10 

10 

37 

37 

61 

61 

61 

61 

61 

01 

01 

127 


e 

m 


14 
10 
18 
17 
16 
15 
18 
17 
16 
18 
17 
18 
17 
16 
15 
14 
15 
14 
15 


Diameter 
Inches. 


Over 
copper. 


.06408 
.10767 
.12000 
.13678 
.15225 
.17121 
.20150 
.22630 
.25410 
.28210 
.31682 
.36270 
.40734 
.45738 
.51363 
.57672 
.62777 
.70488 
.74101 


Over 
Para 

rubber.' 


.0053 
.1380 
.1522 
.1670 
.1837 
.2025 
.2328 
.2576 
.2854 
.3134 
.3481 
.3040 
.4386 
.4885 
.5440 
.6080 
.6500 
.7361 
.7732 


Diameter  in 

32ds     1 

of 

an  inch. 

Over 

vulo. 

rubber. 

Over 

Over 

tape. 

braid. 

7 

0 

11 

10 

12 

14 

10 

12 

14 

10 

12 

14 

11 

13 

15 

12 

14 

16 

12 

14 

16 

13 

15 

17 

14 

16 

18 

15 

17 

10 

16 

18 

20 

18 

20 

22 

10 

21 

23 

20 

22 

24 

22 

24 

26 

24 

26 

28 

26 

28 

30 

20 

31 

33 

30 

32 

34 

56.0 

103 

108.5 

115.5 

140 

165i 

184 

218 

260i 

314 

371 

463 

557 

647 

704 

070 
1.138 
1,420 
1.553 


Double  Conductor,  Plain,  2-7-22  B.  ft  S 

Double  Conductor,  Silk,  2-7-25  B.  A  S 

Double  Conductor,  Diving  Lamp.  2-7-20  B.  A  8. 
Bell  Cord.  1-16  B.  ft  S 


181.5 

28 
218.3 

20.7 


GENERAL  ELECTRIC  CO. 

There  will  be  found  on  the  following  pages  data  of  a  fuU  line  of  paper 
insulated  and  lead  covered  wires  and  cables.  All  cables  insulated  with 
fibrous  covering  depend  for  their  successful  operation  and  maintenance 
upon  the  exclusion  of  moisture  by  the  lead  sheath;  and  this  fact  should 
be  borne  in  mind  constantly  in  handling  this  class  of  cables,  consequently 
the  lead  on  them  is  extra  heavy.  The  use  of  jute  and  asphalt  covering 
over  the  lead  is  strongly  recommended  on  all  this  class  of  cables,  inasmuch 
as  their  life  is  absolutdy  dependent  upon  that  of  the  lead.  Paper  insulated 
cables  cannot  be  furnished  without  the  lead  covering. 


PAFBB   INSULATED    WIRES    AND 


?£SsiIs. 

.IrSSs. 

■It-" 

i 

.9 

1,5 

13 

5s 

3  . 

10 
B 

6 

4 

461 
530 

ess 

441 

.017 

1 

eao 

7J5 

1" 

.567 
.670 

300 

300 
300 

a 

tea 

4M 

lV            US 

.560 

■j^ 

250 

6 

OOfi 

SIB 

•/l            AM 

.681 

260 

tea 

U4 

A            7« 
A         1088 

.607 

250 

3 

8U    ■ 

004 

.808 

J 

350 

1.073 

873 

A         1.184 

.742 

350 

lODQOO 

1.17* 

A         1,380 

2S0 

0 

1,190 

A         1.318 

.781 

350 

121000 

i.sro 

748 

A         1.303 

.811 

300 

00 

1.8H 

TS2 

A         1,470 

.836 

30O 

uoooo 

1,*81 

782 

A         1.847 

.846 

300 

000 

1,630 

818 

A         1.056 

.870 

300 

100000 

1.T0S 

SfiS 

A         3,040 

.040 

A 

0000 

1.708 

871 

A         3,106 

.086 

160 

3S0000 

3.1SB 

050 

A         3,304 
A         »"4 

1.013 

150 

300000 

S14M        1 

000 

1.071 

160 

uoooo 

xtea      1 

067 

A         3,S04 

l.llB 

!    ■ 

136 

ISBO        1 

103 

A         3.041 

1.106 

126 

500000 

8,030        1 

3B3 

4,100 

1.316 

t3S 

000000 

4.40»        1 

530 

4.108 

1.SB3 

12G 

TODOOO 

4.870        1 

403 

5fl«7 

1.486 

100 

TBOOOO 

5.100        1 

430 

5.308 

BOOOOO 

s,n7     1 

48B 

6,533 

1. 531 

100 

tooooo 

5.783       1 

531 

6,070 

t.0»4 

100 

1000000 

8.318        I 

800 

0,410 

1.653 

100 

ISEOOOO 

7,308        t 

737 

7.600 

1.7B0 

100 

1(00000 

8.B30        1 

S4B 

8,642 

l.ftlZ 

75 

nooooo 

lasu      > 

080 

10.686 

2.132 

SO 

PROPERTIES   ( 


'   CONDtTCrOBS. 


•— imi  SlsMrto  CttHpaBj- 


L 

Solid 

j^aass 

Vrftilto^ao^nuWi. 

IJi. 

■n- 

M 

1= 
1'^ 

1 

II 

as 

1= 

£.9 

10 

.S3e 

A 

8 

032 

.665 

A 

875 

ft 

400 

e 

707 

.609 

A 

»60 

.W.i 

ft 

400 

s 

* 

963 

,672 

ft 

1,075 

.7:-i.5 

ft 

400 

aooooo 

0000 
SfiOOOO 
800000 


8006 
2,187 
2,3M 
3,451 


2,020 
2147 
3.330 


lOOOOOO 
1250000 
1600000 


PAPEB  INSULATED    WIRES  AND   CABLES. 
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Sur 

I.  Solid. 


B.  ft.  S  and 
CM. 


10 
8 
6 
6 

4 


A'  Insulation. 
Teet  Fk-easure,  16,000 
Volta  for  30  Minutes. 


1,157 
1.223 
1,313 

i.3ee 

1,660 


.820 
.846 
.880 
.809 
.053 


A 


If  Insulation. 
Test  Pressure,  22,000 
Volts  for  30  Minutes. 


^1 


^1 


1,770 
1,846 
1,040 
2.013 
2,086 


1.080 
1.065 
1.000 
1.110 
1.141 


A 
A 
A 
A 
A 


•ill. 

.2*«o 

B  O  b 


600 
600 
600 
550 
550 


( 


II.  Stranded. 

6 

1,357 

.002 

A 

2.001 

1.121 

A 

600 

6 

1,639 

.965 

A 

2,068 

1.143 

A 

600 

4 

1,717 

.981 

A 

2,155 

1.169 

A 

500 

2 

1.917 

1.041 

A 

2.050 

1.292 

1 

600 

1 

2.052 

1.086 

A 

3,121 

1.336 

600 

100000 

2,175 

1.114 

A 

3,267 

1.865 

i 

450 

0 

%204 

1.124 

A 

3.300 

1.875 

i 

450 

126000 

2,293 

1.154 

A 

3.404 

1.405 

i 

460 

00 

2,382 

1.168 

i 

3,608 

1.419 

460 

150000 

3,053 

1.251 

i 

3.610 

1.439 

i 

460 

000 

3,215 

1.282 

3.755 

1.470 

i 

460 

200000 

3,400 

1.323 

3.970 

1.512 

i 

400 

0000 

3,473 

1.340 

4,046 

1.528 

i 

400 

250000 

3.706 

1.387 

4.293 

1.575 

400 

aooooo 

4.023 

1.446 

4.611 

1.634 

1 

400 

350000 

4,203 

1.404 

^ 

4,888 

1.682 

360 

400000 

4,559 

1.540 

^ 

5.168 

1.728 

i 

350 

500000 

5.088 

1.627 

J 

5,707 

1.815 

i 

300 

600000 

5,594 

1.705 

i 

6,228 

1.893 

800 

700000 

6.087 

1.777 

* 

6,740 

1.966 

i 

300 

750000 

6,331 

1.811 

f 

6.983 

1.999 

* 

300 

800000 

6,555 

1.843 

i 

7.224 

2.031 

I 

300 

000000 

7,040 

1.908 

i 

7.706 

2.094 

I 

260 

1000000 

'7,405 

1.965 

8.171 

2.163 

i 

250 

1250000 

8,608 

2.102 

9,324 

2.290 

f 

200 

1500000 

9.702 

2.224 

{ 

10,424 

2.412 

I 

150 

2000000 

11.810 

2.443 

12.679 

2.631 

160 

r 
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CiOllM. 


Tbst  Prbbsure,  3000  Voi/ra  for 
30  Minutes. 


r 


fi 

•8 

Mm^^            • 

BiM. 

'eight  per  IOC 
Feet  inLbe. 

1, 

1 

B.  A  S.  and 
0.  M. 

uneter. 
Inch 

^ 

s 

A 

8 

1388 

.864 

6 

1874 

.070 

A 

6 

2072 

1.027 

A 

4 

2270 

1.083 

A 

2 

2837 

1.213 

A 

1 

3405 

1.314 

A 

100000 

3635 

1.437 

A 

0 

3864 

1.450 

A 

125000 

4142 

1.524 

A 

00 

4420 

1.553 

A 

150000 

4750 

1.695 

i/!> 

000 

5081 

1.663 

A 

200000 

6300 

1.815 

i 

0000 

6700 

1.852 

i 

Vi 


150 
125 
125 
125 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


Test  PnESs-nRB,  15,000  YovrB 

FOB   30   MiNXTTBB. 


8 

2874 

1.424 

3100 

1.508 

3422 

1.557 

3646 

1.608 

4274 

1.740 

4705 

1.837 

100000 

5407 

1.962 

0 

6110 

1.984 

126000 

6433 

2.049 

00 

6755 

2.080 

150000 

7134 

2.122 

000 

7513 

2.190 

200000 

7080 

2.208 

0000 

8446 

2.315 

A 

i 
i 
i 
i 
i 
i 
i 
i 


300 
300 
275 
276 
275 
275 
275 
275 
275 
250 
250 
250 
250 
250 


Test  Pressure,  8000  Volts 
FOR  30  MiNtms. 


1.892 
2,190 
2.393 
%597 
3.188 
3.583 
3.814 
4.045 
4.327 
4.610 
5.358 
6.106 
6,546 
6.978 


1.020 
1.114 
1.162 
1.218 
1.345 
1.441 
1.504 
1.525 
1.591 
1.622 
1.663 
1.795 
1.876 
1.919 


A 

A 

A 
A 
A 
A 
A 
A 
A 
A 
A 

} 


i 


I. 

Is 

Is 


200 
75 
76 
76 
60 

150 
50 
50 
50 
25 
25 
25 
25 
25 


Test  Prbssube.  26.000  Volts 

FOB  30   MonTTBB. 


5.342 

2.017 

i 

5,742 

2s  100 

6.020 

2.150 

■  ■ 

6.299 

2.206 

•  ■ 

7.052 

2.335 

7.561 

2.483 

{ 

7,883 

2.495 

^ 

8.144 

2.515 

i 

8.492 

2.580 

i 

8.841 

2.608 

9.249 

2.653 

I 

9,657 

2.720 

^ 

10.160 

2.809 

i 

10.663 

2.845 

i 

400 
400 
400 
400 
400 
850 
850 
850 
850 
850 
350 
850 
300 
300 


Thickness  of  insulation  for  3000  volt  class,  uses  No.  2  and  smaller.y^' 
^      _j_.        .. ...   giuee  0000  to  No.  1  inclusive. 


.all  uses,  A'  P^pcr  on  eaefa 
conductor.  ^  naper  over  all. 

Thickness  ofinsulation  for  15,000  volt  class,  all  siaes.  A'  P^por  on  each 
conductor,  A' JMtper  over  all. 

Thickness  ofinsulation  for  26.000  volt  class,  all  sises,  A'  P^P^  on  each 
conductor.  A'  P*pw  over  all. 
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ITmrmWhmd  Oasibrto  Cablet* 

Bfmhal  Fimuubb. 


The  lUiidaid  bfBided  flniih  of  vamiahed  oambiio  oablm  is  •  weatlMrproaf 
eottonbnud. 

The  following  epeotal  fizuahee  may  be  applied  if  deaired: 

Abbiros  Bkaid.  —  Qenerally  applied  over  the  lesular  cotton  braid  ia  filled 
vitfa  flameproof  paint.  It  ia  eapedalfar  reoommended  for  interior  wiring  aa  a 
protectloa  againat  the  aroing  of  one  cable  affecting  another. 

Aflbeatoa  braid  adda  about  t^  to  diameter  of  cable. 

Ck>TTON  BXA.D,  Flamspboof.  —  The  atandard  braid  may  be  treated  with 
flameproof  paint  inatead  of  being  weathezproofed.  or  one  or  more  dotton 
bcaida  may  be  applied,  all  being  treated  with  flameproof  paint. 

Thla  atyle  of  finiah  ia  aUghtly  more  ezpenaive  than  atandard  weatherproof 
bat  not  aa  ezpenaiye  aa  aabeatoe  braided. 

Vamiah  Cambric  caUea  leaded  may  have  any  of  the  vpeoial  flniahea  deaoribed 
'  over  the  lead. 


Teai  PreMsrea  of  Paper  KnaalatMl  Iiead 
CovevttA  Cable*. 


Faoton  by  which  to  multiply  working  preaaure  to  obtain  proper  teat  praa* 
■ore  for  paper  inaulated  lead  covered  eablea. 

Twmr  AT  Factoht. 

For  5  mine,  preaaure  ■■  2.6  X  working  preaaure. 
For  30  mine.,  preaaure  *■  2.0  X  worldng  preaaure. 
For  00  mina..  preaaure  ■■  1.0  X  worldng  preaaure. 


Tkar  Arbb  Imitallation  bt  Maxuvactubbb. 

For  6  mina.,  preaaure  ■■  2.0  X  working  preaaure. 
For  80  mina.,  preaaure  ■■  1.0  X  woridng  preaaure. 
For  00  mina.,  praaaure  *  1.3  X  worldng  preaaure. 


y 
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VttntoMe«   Oaatkrlc  CablM.       Miicl« 


Fob  Wobkino  PBaasuBBB  not  Bxcbiding  13,000  Volts. 


6 

4 
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00 
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0,000 
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400.000 
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Thiok. 
Lesdin 
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1.28 
1.27 
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1.80 
1.41 
1.47 
1.A2 
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1.02 
1.70 
1.79 


Bnudsd. 


Wsight  in  Lbs.  par 
1000  Fast. 


Leaded. 


Bnided. 


1724 
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2403 
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2068 
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2997 

1211 

3241 

1383 

3661 

1596 

8711 

1715 

4042 

1940 

4388 

2159 

4981 

2330 

5409 

2701 

Fob  WoBKora  Pbbssubbs  not  Ezcbbdinq  17.000  Voi/fb. 


6 
4 
2 

1 

0 

00 

000 

0,000 
250.000 
300.000 
350,000 
400.000 
500,000 


A 


A 
A 

A 
A 
A 
A 


1.25 
1.30 
1.36 
1.40 
1.44 
1.48 
1.58 
1.59 
1.64 
1.73 
1.78 
1.86 
1.94 


2193 

755 

2488 

873 

2803 

1017 

2981 

1123 

3054 

1161 

3316 

1351 

3561 

1530 

3891 

1757 

4046 

1873 

4708 

2106 

5102 

2834 

5806 

2548 

6332 

2884 

SpsoifioatioDB.  diameters  and  weichts  (or  aolid  oonduotor  ^approximataly  same 
labore. 


CAHBBIC   INSULATED    WIRES   AND   CABLEB. 


Woaum  PBHiram,  10,000  Vovm  oa  I 
Tan  Pbmsvbb.  SS.OOO  Voum. 


»■■. 

B.AS..>>d 
O.M. 

Thick. 

DiLiD 

In«lM*. 

BE«idrf. 

Lb..  p«t 
1000  ft. 

Ladtd. 
Wocht  in 
Lb*,  pv 

lODOft. 

OSsL 

.80 

434 

1083 

4  Sol. 

: 

84 

498 

1178 

881. 

82 

4St. 

fiSl 

1227 

ast. 

■ 

96 

7U 

ISSl 

18t. 

. 

04 

793 

1935 

l/OBt. 

891 

2183 

8/0  St. 

13 

1009 

336fi 

3/0  Bl. 

17 

nso 

3S80 

*/0  81. 

■ 

33 

1337 

2839 

aso.ooo 

S8 

1183 

30&8 

■ 

38 

1707 

3353 

«0,000 

3087 

4031 

600,000 

87 

3467 

4700 

7GO,000 

; 

' 

■ 

80 

3458 

1.000.000 

1 

96 

4380 

T«88 

Dnplu  cafala  higtr  thui  250,000  Cm.  an  difficult  to  handla  asd  lha«- 
Eon  are  aot  nconuneadod. 

Tbe  lourtb  eolunm  —  Dia.  in  Inehea  —  ig  tba  orar-aU  diametor  of  tha 
Gniihal  caUs  and  u  ^ipniimaleli'  tba  ■ame  for  lithar  bnudad  or  Itadad. 


PBOPBBTIES   OP   CONDUCTORS. 


WoaKiMO  PBi6au»,  Ifi.OOO  Vouis  o»  L 


Tm 

n  P>».<m., 

33,000  Vokia. 

B,  4.  a.  md 
CM. 

Thick. 

IDI.  ID 

Indw*. 

Thick. 
L«*iin 

M«.  in 
InohfliL 

Bnidcd. 
Weight  iD 
LbB.  per 
1000  fc. 

L«>d«d. 

Weight  in 

1000  ft. 

OBdI. 

1 

i 

1.05 

8« 

1039 

4Bol. 

767 

2084 

«Bt. 

t 

08 

IW4 

*8t. 

■ 

13 

S1S3 

2Bt. 

18 

027 

2373 

I  St. 

asas 

1/0  SI. 

1325 

asao 

3/0  31. 

i 

37 

1380 

3051 

3/0  3t. 

43 

3388 

4/0  St. 

48 

3603 

260,000 

t 

S3 

1901 

3796 

3130 

4487 

73 

6a4S 

.W0.000 

2»30 

6000 

750,000 

■ 

OS 

3oas 

746S 

1.000,000 

* 

23 

6005 

S83S 

re  difficult  (o  handle  mnd  ther*. 


CAHBBIO    INSITLATSD 
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▼ariBli>ke<  Ciwikrio  CmMm. 


Fob  Wouupo  Pumoui  hot  Excebdimo  1,000  Toi/im, 


I»««Ur 

M:fr 

Bnldw).  1  L«il«l. 

Bnidtd. 

A-s^ 

, 

.BH 

1     1.2U 

«t 

K 

'■ 

law 

^         s.o» 

mt 

3      .    i.*u 

00 

s        t.m 

0,000 

ZM 

3MJX0 

^ 

UK 

U37 

tcojm 

TJOt 

UO.O00 

*-A 

8,SM 

tm 

WOjOOO 

A-A 

9J47 

w» 

100,0(0 

10,870 

M83 

1.011 

1.903 

on 

^ 

tM 

1,I>U 

iin 

-A        i 

3,ra 

ITW 

■ 

uo 

<,lDt 

000 

ni 

1,1M 

an 

0,00(1 

;-A         1 

I,«8 

lUJMO 

^         . 

WH 

tm 

»u>» 

"iV 

m 

8,1(N 

tut 

-A 

8.880 

Wl 

«xi,(iDa 

-A 

MS 

t.ttt 

HOI 

«n,i»a         i 

S-A 

Ml 

IIJSS 

STIt 

PBOFBBTIBS  OF  CONDUCTOB8. 


—  XmUI«(I  ud  Braldiid. 

WoBSura  PaamnuB  hot  EIxciedihh  A.OOO  Voun. 


Di«a«*«. 

ndcht  to  Lb^-pir 

a." 

LmiM. 

BnidMl. 

LodvL     Biaid«l. 

g 

^-A 

1.13 

>,0>2              SU 

?i-s 

1.38 

1( 

3.T« 

1083 

1 

a^-^ 

1,302 

uu 

SM2 

A-^- 

1181 

oo 

i.m 

2338 

000 

1.83 

t.tK 

27B0 

0,000 

MM) 

383S 

300,000 

8,318 

«78 

3(0.000 

400.000 

i 

no,Doo 

ai.^ 

lljie      1      08SS 

Fob  WoixiNa  Pbimetbu 

NOT  ExcnDiHQ  T,000  VOM«, 

1.38 

3.900 

1081 

1.18 

3 

3,317 

Utl 

1 

1711 

l.M 

4.2SS 

1301 

1.81 

a 

00 

wt 

OOO 

2,01 

S.280 

3130 

0.000 

3.18 

7,685 

130,000 

300,000 

3.30 

B.1S3 

1801 

S,M 

10,073 

6U0 

10.800 

300,000 

i.ra 

ii,3ai 

7348 

CAUBRIC  IHSULATBD  WIBBS   AND  CABLES. 


ExcEumra  10,000  Vou 

Tbiol- 

DiuiMw. 

••^.-fS;'- 

Sim. 

Iiuuliiliuo 
inlnche.. 

Laadii 

lildlH. 

Ua 

liM. 

BnidwL 

L«..l»d. 

Bnidad. 

, 

A-A 

A         1 

n 

a.UD 

im 

IH 

3,M3 

A-A 

«,4aa 

lOU 

<a 

SJW 

I33I 

01 

s 

s.m 

aw 

00 

6,130 

S031 

ODD 

7,139 

3£3S 

o,a» 

J7 

8,a7J 

150,000 

*7 

0X13 

<U4 

K»,000 

10,010 

xw.ooo 

70 

10,883 

0OS3 

400,000 

81 

11, MO 

DAM 

HKI.WO 

AHS 

H 

13.»KI 

7908 

187a    cambric  insulatbd  wibbs  and  cables.  ' 


—  X.M<c«  uM  BraUe«. 

WoBKDia  pBiwimaa  hot  ExcaiDura  11.000  Vol 


DitaaUr. 

"•ti.'-rS;:- 

ffin. 

Ksr 

a^" 

Lwaed, 

Bnldatl. 

LMctad. 

Bnidad. 

■A-A 

14 

1.77 

1.103 

17» 

A-ft 

1 

4.H1 

101> 

iv-S 

3.03 

1 

t.t23 

M41 

A-A 

3.IS 

7,070 

SOGT 

7.5U 

Mta 

000 

.1-A 

g.3SD 

II.1W 

U8t 

290,000 

«,«33 

Sin 

300,000 

A-A 

10.B« 

* 

i.to 

ll,77» 

«0,000 

'*  i 

i 

11.111 

7088 

600,000 

3  IS 

ujai 

For  Wobumo  Puuubi* 

». 

g 

-          ; 

A 

1.B7 

1 

4.73< 

2113 

^i\ 

»,7M 

Mil 

1 

i,-fj 

ejst 

2877 

u 

34 

BIH 

a 

7,W« 

U» 

S,4M 

tm 

000 

u 

1 

OMO 

ti 

io,ogi 

KM 

w 

10,M7 

HH 

lODWO 

-h-ii 

M 

11,802 

ua.ooa 

■Ta 

12.887 

n» 

-: 

BNAMBLED  WIBB. 
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•led  Wire. 


DiauMteru 

iJaohm, 

Comparative  Weight  per  1000 
Feet  in  Fbonda. 

Bias 

B.Aa 

BaiB. 

Ow  Enamel. 

Single  Cotton- 
Covered. 

Enamel. 

14 

.0640 

.0670 

12.684 

12.684 

15 

.0570 

.0000 

10.062 

10.063 

16 

.0510 

.0535 

8.012 

7.973 

17 

.0450 

.0475 

6.875 

6.322 

18 

.0400 

.0425 

5.081 

5.009 

19 

.0360 

.0380 

4.043 

3.966 

20 

.0820 

.0340 

3.218 

3.136 

.21 

.0280 

.0305 

2.569 

2.475 

22 

.0250 

.0275 

2.055 

1.970 

23 

.0230 

.0250 

1.630 

1.556 

24 

.0200 

.0220 

1.297 

1.282 

25 

.0180 

.0200 

1.036 

.980 

26 

.0160 

.0175 

.828 

.777 

27 

.0140 

.0155 

.661 

.616 

28 

.0126 

.0140 

.524 

.485 

29 

.0110 

.0123 

.421 

.884 

80 

.0100 

.0113 

.336 

.803 

81 

.0090 

.0102 

.271 

.242 

32 

.0080 

.0092 

.215 

.192 

33 

.0070 

.0082 

.174 

.152 

34 

.0063 

.0075 

.141 

.121 

36 

.0066 

.0063 

.120 

.101 

36 

.0050 

.0066 

.099 

.081 

37 

.0045 

.0061 

.090 

.061 

38 

.0040 

.0040 

.080 

.0607 

40 

.0031 

.0087 

.060 

.0304 

188 


PROPERTIES  OF  CONDUCTORS. 


(Micatfced  f«r  1J«deiTroiuid  •r  Aertal  ITm. 

The  inmilation  of  these  cables  b  dry  paper.  The  following  speeificationfl 
have  been  adopted  by  the  laiger  tel^hone  oompanies  and,  therefore,  may 
be  oonaidered  standara. 

Gable  G««d«ct9r.  No.  19  B.  and  8.  G..  98%  oonductivity.  insulated 
with  one  or  two  paper  tapes;  oonduetor  twisted  in  pairs;  one  of  the  pairs 
to  have  a  distinctive  colored  paper  for  marker;  l«i|[th  of  twist  not  to  exoeed 
3'.  Pairs  to  be  laid  up  in  reverse  layers;  insulation  to  be  unsaturated  ex- 
cept two  feet  from  each  end  to  prevent  moisture  from  enterinc.  The  lead 
sheath  to  have  an  alloy  of  2i  to  3i%  of  tin;  thickness  of  sheath  X'  for 
fifty  pcur  of  cables,  ^'  for  one  hundred  pair  of  cables,  and  i'  for  uuver 
sises.  Insulation  resistance  to  be  at  least  100  megohms  per  mile  after  the 
cable  is  laid  and  roliced.  Electrostatic  capacity  no  greater  than  .054  with 
a  maximum  of  .OoO  microfarads  per  mile. 

The  aeiial  cables  for  tel^hone  companies  usuallv  follow  the  same  speci- 
fications as  those  for  underground  use,  bang  purchased  with  the  ultimate 
intention  of  being  put  underground.  Cables  that  are  to  remain  overhead 
indefinitely  are  usually  made  with  a  lighter  sheathing  of  lead  than  that 
specified  for  underground  work. 


Number  Pairs. 

Outside  Diameters. 
Inches. 

Weights  1000  feet. 
Pounds. 

1 

A 

214 

2 

f 

302 

8 

t 

515 

4 

A 

629 

6 

f 

747 

6 

X 

877 

7 

'  * 

912 

10 

<  i 

1.214 
1.375 

12 

'  I 

15 

1 

1.566 

18 

IJ^ 

1,758 

90 
25 

1\ 

1.940 
2.332 

80 

1|S 

2.748 

85 

If 

2.985 

40 

lA 

8,176 

45 

3,365 

50 

1  . 

3,678 

55 

If 

3.867 

60 

If 

4.055 

65 

IH 

4,241 

70 

2 

4.430 

80 

2k 

4,804 

90 

2« 

5,180 

100 

• 

5,505 

SUBMARINE   CABJUfiS. 
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K  CABIiJBS. 


for  UMAevf  vowMd 


for  Aerial 


•r  X»ped 

Use. 


The  ixunikbtion  of  thcoe  cables  is  made  of  a  oompound  containing  not 
lev  than  thirty  per  cent  pure  Para  rubber.  These  si)ecifications  may  be 
considered  standard,  being  used  by  the  principal  telegraph  companies. 

R«l»l»er  Wnawlated  Aerial  Velesrapii  Cable; 


GaugeB.dca 

No.  of  Conductors. 

Outside  Diameter. 

Weight  per  1,000  ft. 

14 
14 
14 

7 
10 
10 

426  lbs. 
600  lbs. 
800  lbs. 

Conductors  No.  14  B.  and  S.  insulated  to  diameter  of  6-32'',  cabled 
tc^ether  and  covered  with  a  rubber  tape,  one  layer  of  tarred  jute,  a  rubber 
tape,  and  a  heavy  cotton  braid  saturated  with  waterproof  compound. 


These  cables  are  insulated  with  a  rubber  oompound  contiuning  not  less 
than  thirty  per  cent  (30%)  of  pure  Para  rubber. 

These  specifications  have  been  adopted  by  the  various  telegraph  com- 
panies and  the  United  States  Government  for  general  use. 


No.  of 
Condue- 

tOTB. 


1 
2 
3 

4 
5 
6 

7 
10 


Gauge  of  Con- 


lauge 
due 


uctors. 


No.  of 
Aimor 
Wires. 


14  B.  &  S. 
14  B.  A  S. 
14  B.  &  8. 

14  B.  &  S. 
14  B.  A  S. 
14  B.  A  8. 

14  B.  &  8. 
14  B.  &  S. 


12 
16 
14 

16 
10 
21 

21 
22 


Gauge  of  Armor 


"*?^' 


ires. 


8  B.  W.  G. 
8  B.  W.  G. 
6  B.  W.  G. 

6  B.  W.  G. 
6  B.  W.  G. 
6  B.  W.  G. 

6  B.  W.  G. 
4  B.  W.  G. 


Outside 
Diameter. 


it" 


Weight 

per  1,000 

feet. 


1150 
1676 
2400 

2760 
8100 
860C 

8600 
4600 


Bach 


Conductors  built  up  of  7  No.  21  B.  ft  8.  copper  wires,  heavily  tinned, 
conductor  insulated  with  A"  Rubber  and  Taped. 

The  above  specifications  refer  only  to  river  and  harbor  cables.  Ocean 
cables  are  of  an  entirely  different  character,  and  consist  of  Shore  End,  In- 
termediate and  Deep  Sea  Types. 


PROPERTIES   OP  CONDUCTORS. 


•■  sf  ■»#•.  —  Ronove  th*  outaide  iHOtMlIu  bnld  ot 
taps,  and  bare  Iha  onnduclor  of  iu  rubber  iniulation  (or  two  or  tlirM  bmlwa 
bank  from  lbs  and.  Cleaa  ths  nwUl  oinfuUy  by  unplnc  «itb  >  knifa 
or  wltb  UDdtApar. 

m«tal  JslBt.—  IT  (Olid  conduotor,  aOBif  Uw  «ndi  with  •  Ble  >o  m  to 
jivo  B  mod  long  oontaet  mrface  (or  BoMerio(.  If  oopduolor  ii  itnoded. 
arefully  iiinBd  apart  tbe  itraDdi.  outtint  out  the  aat«B  K>  ooodlMMn 
ean  be  butMd  logetiiu'.  the  Ioom  andg  interiaalni  u  Id  Fi<.  1,  and  Und 
wirCB  down  tiiht  a>  in  Fie-  2.  with  pu  or  Dtber  plien.     Bolder  oanfuUy, 


••sIvT**  Oikle  CI«a»«ct*n.  —  The  cuta  below  show  a  etrle  of  oop- 
per  oonnecton  vtty  handy  in  joining  cables,  Thay  an  oopper  tinned  over, 
and  aflw  putting  In  pisoe  oan  be  "sweated"  on  with  eolder;  wbaa  diy  mn 
be  ineulat^  ae  prerioualy  doiotibed. 


COUNTS  IN  CABLES.  191 


tMe  Xolaf.— JolDten  must  have  abeolately  dry  and 
oleaa  hands,  uid  all  tools  most  be  kept  in  the  beet  poeslble  condition  of 
cleanliness.  Glean  the  joint  carefolly  of  all  flux  and  solder :  scarf  back  the 
rabber  insulation  like  a  lead-pencil  for  an  inch  or  more  vitn  a  sharp  knife. 
Carefully  wind  the  Joint  with  three  layers  of  pure  unvnlcanized  rubber, 
taking  care  not  to  touch  the  strip  with  the  hands  any  more  than  neces- 
sary ;  orer  this  wind  red  rubber  strip  ready  for  Tulcanizins.  Lap  the  tape 
upon  the  taper  ends  of  the  insulation,  and  make  the  covenne  of  the  same 
^uneter  as  the  rubber  insulation  on  the  conductor,  winmng  even  and 
round.    Corer  the  rabber  strip  with  two  or  three  layers  of  rubb«r-saturated 


c«T«iiBC.  —  if  the  insulation  is  coyered  and  protected  by  lead,  a 
loose  sleere  is  slipped  orer  one  end  before  Jointing,  and  slipped  back  oyer 
the  Joint  when  tae  insulation  is  finished,  a  plumber's  wiped  Joint  being 
made  al  the  ends. 


Fio.  9. 


#•!«#•  Im  'VrarlBsr  C3a]blM.— This  cable  is  ooTered  with  cotton, 
thorou^iily  impregnated  with  a  composition  of  hydro-carbon  oils  applied  at 
high  temperature,  the  whole  being  covered  with  lead  to  protect  the  Insula- 
tion.   The  insulating  properties  of  this  covering  are  very  high  if  the  lead  is 


kept  intact. 


Metal  lolnts  are  made  as  usual,  and  a  textile  tape  may  be  used  for  cover- 
ing  the  bare  copper.  A  large  lead-sleeve  is  then  drawn  over  the  Joint, 
and  wiped  onto  the  lead  covering  at  either  end :  then  the  interior  space  is 
filled  with  a  compound  similar  to  that  with  whloh  the  insulation  is  im- 


Xotsita  !■  P»peF  laavlatod  Cables.  — This  cable  is  covered  or 
insulated  with  narrow  stripe  of  thin  manila  paper  wound  on  spirally,  after 
which  the  whole  is  put  into  an  oven  and  thoroughly  dried,  then  plunged 
into  a  hot  bath  of  resin  oil,  which  thoroughly  Impregnates  the  paper.  This 
insulation  is  not  the  highest  in  measu^ement^but  the  electrostatic  capacity 
is  low  and  the  breakdown  properties  high,  when  used  for  telephone  pur- 
poses the  paper  is  left  dry,  and  is  wound  on  the  conductor  very  loosely,  thus 
leaving  large  air  spaces  and  givins  very  low  electrostatic  capacity. 

Joints  are  made  as  In  the  warTng  cable  by  covering  the  conauctor  with 
paper  tape  of  the  same  kind  as  the  insulation,  then  pulling  over  the  lead 
sleeve,  which  is  finally  filled  with  paraffine  wax. 

Poaacrt  J'^lat.  —  Dessert  &  Company,  New  York  City,  make  a 
mechanical  joint  for  solid  or  stranded  conductor  which  has  great  mechanical 
strength  and  an  electrical  conductance  in  excess  of  that  oithe  cable.  The 
joint  illustrated  in  Fig.  10  consists  of  a  nipple  (A),  two  compression  sleeves 
or  bushings  (B)  and  two  compression  nuts  (C). 

As  shown  in  Fig.  11,  the  compression  sleeves  are  split  lengthwise  and 
tapered  at  both  ends.  The  tapered  ends  of  the  sleeve  fit  into  correspond- 
inpy  tapered  parts  of  the  nipple  and  nut.  When  the  nut  is  screwed  upon 
the  nipple  the  action  of  the  taper  causes  the  compression  sleeve  to  decrease 
in  diameter  and  grip  the  strands  tightly  together,  thereby  getting  good  elec- 
trical contact. 

To  make  a  splice  with  thu  connector  cut  the  insulation  from  the  cables  to 
a  distance  equal  to  half  the  length  of  the  connector,  slip  the  cable  into  the 
oonoector  and  screw  the  nuts  up  tightly  on  the  nipple. 


PKUPERTIES    OF  CONDUCTOK8. 


DETmL  TWO-WAV   TOINT 


Luv.  3-W>yi.  Y'a.  Rsducwra.  Elbon  vA  raftny  other  types  of  oon 
u«  in*d*  with  thia  principle  [or  nuluns  Ihs  electrjcal  conaeclions  t 
b«  lUsd  for  oonDBotlou  dd  iwltchboftHA.  bua  ban,  Uvj]«foimers» 
oil  mltehM,  atonn  bsttoriM.  aloolHo  •mtltiiis  fuuiKiH  and  ibe  liks. 

A  apaciBt  ftppliulion  ol  thia  joint  ia  tbe  cable  Up  u  ahovn  Id  1 
»n.l  la.  U  oooaiaU  of  «  hcwk  M).  cov«  <fl).  jun  aut  <').  comi 
■Iwvn  (O)  RnJ  oompnaaioQ  nut  <£).  The  hook  ii  nuuhiDed  u  fit  tl 
ruMe  while  lu  ahitnk  ia  drilled  unij  threaded  to  form  the  oipirie  of  ■  al 
Dwaerl  luint  for  aias  of  brmnoh  required.    The  brwieh  ia  secured 


Omtn.   CfOLt     TAP 


Fn.  13  utB  13. 
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Fint  remove  the  guttarperoha  for  about  two  inohee  from  the  ends  of  the 
wires  wfaioh  are  to  be  jointed.    Fig.  14. 


Fio.   14. 

Next  orasB  the  wires  midway  from  the  guttarperoha,  and  grssp  with  the 
pheri.     Fig.  16. 


Fia.  15. 

Then  twist  tiie  wires,  the  overiapping  right-hand  wire  fint,  ^and  then, 
ravening  the  grip  of  the  pliers,  twist  the  left-hand  wire  over  the  ri^t.  Out 
off  the  supedSuous  ends  of  the  wires  and  solder  the  twist,  leaving  it  as  shown 
in  ¥Ut-  16. 


Fio.   16. 

Next  warm  up  the  gutta-percha  for  about  two  inches  on  each  side  of  the 
twist.     Then,  ust  draw  down  the  insulation  from  one  side,  half  way  over 


Fw.  17. 
dM  twieCed  wires,  F!g.  17,  and  then  from  liie  other  side  in  the  same  way,  Fig* 


Fro.  18. 


tfOB 


tool  the  raised  end  down  evenly  over  the  under  half  with  a  heated 
.  Then  warm  up  the  whole  and  work  the  "drawdown"  with  the  thumb 
forefingBr  until  it  resembles  Fig.  10..   Now  allow  the  joint  to  cool  an<fset. 


Fio.   10. 

Next  roui^ien  the  drawdown  with  a  knife,  and  place  over  it  a  tiiin  coating 
of  Chatterton's  compound  for  one  inch,  in  the  center  of  the  drawdown, 
wfaidi  is  also  allowed  to  set. 

Neact  eat  a  thick  strip  of  gutta-percha,  about  an  inch  wide  and  six  inches 


1 


194 


PROPERTIES  OF  CONDUCTORS. 


long,  and  wrap  this,  after  it  has  bean  well  warmed  by  the  lamp,  eTenly  OT«r 
the  center  of  &e  drawdown.    Fig.  SO. 


Flo.  90. 

The  strip  is  then  worked  in  each  direction  by  the  thumb  and  forefinger 
over  the  drawdown  until  it  extends  about  2  inches  from  center  of  draw- 
down. Then  tool  orer  carefully  where  the  new  insulation  Joins  the  old, 
after  which  the  loint  should  be  again  warmed  up  and  worked  with  Uie  fore- 
finger and  thumb  as  before.  Then  wet  and  soap  the  hand,  and  smooth  and 
round  out  the  Joint  as  shown  in  Fig.  21. 


Flo.  21. 

■ 

Between,  and  at  ererr  operation,  the  utmost  care  must  be  exercised  to 
remove  every  particle  of  foreign  matter,  resin,  etc. 

Note.    Chatterton  *a  compound  consists  of  1  part  by  weight  Stockholm  tar ; 
1  part  resin;  3  parts  Qutta-percha. 


Pliyalcal  C«iMtwita  vf  Comm«rclasllj  (99%) 


Per  cent  Conductivity  (Copper  100) 

Specific  Gravity 

Founds  in  1  cubic  foot 

Pounds  in  1  cubic  inch 

Pounds  per  mile  per  circular  mil 

Ultimate  strength, 


sq.  m. 


Modulus  of  Elasticity,  .- 


lb.  X  in. 


m.  X  iKl>  m. 

Coefficient  of  Linear  EiXpansion  per  ^  C 

Coefficient  of  Lineat  Expansion  per  **  F 

Melting  Point  in  ^ 

Melting  Point  in  <»F 

Specific  Heat  (watt-seoonds  to  heat  lib.  1"*  C). 

Inermal  Conductivity  (watts  through  cu.  in.  temperature  grad- 
ient 1*0.) 

Renttanee 

Microhms  of  centimeter  cube  at  0*  C 

Microhms  of  inch  cube  at  0^  C 

Ohms  per  mile-foot  at  0®  C 

Ohms  per  mil-foot  at  20^  C 

Ohms  per  mile  at  0<*  C. 


Ohms  per  mile  at  20* C.  .  .   . 

Pounds  per  mile-ohm  at  0®  C.  . 
Pounds  per  mile-ohm  at  20^  C 
Temperature  coefficient  per  **  C. 
Temperature  coefficient  per  ^  F. 


62 

2.88 

167 

.0967 

.00481 

26.000 

0.000.000 

.0000231 
.0000128 

625 
1157 

402 

36.5 


2.571 
1.012 
15.47 
16.70 
81,700 


oir.  mils 
88.200 

OT.  mils 

303 

424 

.004 

.0022 
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iHi  mid  Copper  Com 


Aluminum 
Aluminum     . 
per  per  pound, 
expenditure. 


CTMnpAvatlTO  Coet  of  AIvmuIb 
Coppor  for  Sq«al 


of  ••%   CoMdvctlTity  ana 
mmA  CoMducttTlty. 


Cost  per 
of  Copper  of  lOO 

Pound 

Cost  per  ] 

Pound 

%  Ckinductivity. 

of  Aluminum  of  62%  Conductivity. 

Uoenta 

28.8  cents 

15 

«• 

32.0 

«• 

16 

M 

34.1 

«t 

17 

•• 

86.2 

«• 

18 

M 

88.4 

M 

19 

M 

40.6 

M 

ao 

M 

42.6 

M 

21 

M 

44.7 

«4 

22 

M 

46.8 

•« 

28 

M 

40.0 

M 

24 

M 

51.1 

•• 

36 

M 

58.2 

•• 

f  Coppor  and  Ala 
for  Kq«al 


■tlnoMi  of  Varlone  Coodno- 
lUid  ConducttTitj. 


MetiJ. 

Conduc- 
tivity. 

Cross 
Section. 

Weight. 

Breaking 
Weight? 

Price 
per  lb. 

Copper    .... 

100 

100 

lOOsO 

100 

100 

54 

180 

54.0 

85.1 

186 

•• 

55 

176 

53.0 

83.5 

189 

M 

56 

173 

52.0 

82.0 

192 

•• 

57 

170 

51.1 

80.6 

196 

M 

58 

167 

50.2 

79.2 

199 

M 

• 

59 

164 

49.4 

77.9 

203 

M 

60 

162 

48.6 

76.6 

206 

M 

61 

159 

47.8 

76.3 

210 

M 

62 

157 

47.0 

74.1 

213 

M 

63 

154 

46.3 

72.9 

216 

•  Breaking  weights  (iwimds  to  break  wire  of  equsJ  conductivity)  are  cal- 
cnlaiad  ontne  assumption  of  an  ultimate  strength  of  65,000  pounds  per 
square  inch  for  oopper  and  26,000  pounds  per  square  inch  for  aluminum. 
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CoMlactintj'.* 


in.. 

«ci«h. 

167.111  pokuid*  per  inibic  foot. 

I 

IS 

Log  .P. 

■■STfE  ,2X. 

,/JE. 

Ohnu  POT  lb. 

Losfi. 

071104!         .41730 

13063. 

.00040986 

.336616 

,.»7847 

ooc 

.0D9IM 

saos 

10031 

.23480e 

i.9««3i 

00 

.liSffl 

0010364 

1,090301 

c 

.15MI 

M82 

0016479 

{.300002 

0020194 

;.8(ICM30 

iaasof 

0041606 

.3177* 

1 

3147 

0066250 

'oiofiM 

[:602127 

a 

3490 

010631 

1.603787 

1076 

010749 

isiBseo 

T.703515 

:e372( 

1G6B 

028628 

.419162 

^,804376 

.aoaso 

4 

3436 

043336 

.818446 

h:^> 

( 

M98 

D 

007318 

.217738 

t 

!3773 

1.106398 

.G  11 

17038 

! 0163 24 

.0313 

10 

723 

492 

27061 

.915016 

l!  307763 

12 

:  .5016 

13 

>36 

39Q 

43040 

.814910 

1,408494 

13 

.3300 

SOB 

1,609303 

14 

346 

1 

)877 

:6i34»a 

:i3M 

194 

I 

7308 

,818788 

l!  710674 

.*7B5 

164 

2 

7506 

.413083 

1.811378 

134 

123 

3740 

.311374 

1.913063 

388 

6 

MOO 

.310668 

.013887 

604 

06 

11 

)70 

.100900 

1.118443 

80 

WO 

61 

oa 

17 

1.214340 

109 

48 

37 

:  008640 

1,314899 

38 

44 

450 

.807838 

,416391 

173 

36 

46 

70 

700 

,707132 

,616271 

318 

24 

1( 

,617000 

19 

78 

! 606718 

347 

70 

384 

36 

,406010 

I818696 

438 

32 

13 

06 

462 

82 

-304304 

.619130 

38 

B 

66 

718 

.303696 

3,019822 

29 

68 

2.102890 

2.130674 

sa 

80 

01 

1817 

2 

2,00218: 

3.231233 

2L'':  ■■"' 

nM 

!> 

4 

77 

2S8S 

0 

,901470 

2.331909 

S3 

\M7 

7f 

4696 

6 

1.433731 

B3 

aa^^i;^ 

I7J0 

a 

7303 

0 

:700000 

420.87 

.'232 

2 

3 

N 

1827 

.6BB364 

s30.ao 

8 

» 

8440 

.498e4( 

ses.oo 

843.46 

tisa 

0 

40600 

3:936064 

lOM.O 

-.'.18 

0 

4140 

3,030943 

1341. 2 

71193 

9 

lia07C 

3.137494 

40 

69 

a!Bssii2 

3.328169 

•  CalmiUMci  on  the  buU  of  Dr.  tUtthin 
.141729  I  DtanuitiDul  OhmKtO°C.     The  pun 


in's  itendard,  vii.:  Ths  r»- 
having  a  wnsKt  of  1  ctaih— 
t  alununuiu  obtuiuiblc  hag  a 
1  ootiductivity  ia  «t  a  srevtly 


STRANDED    ALUUINDU     WntG. 


^-? 

^sr 

Lb..[>«r 

woblT 

«H 

m 

.770 

666 

lEtl 

72 

I  Aliuil>a 

H.  W.  Bn™. 

Relfttjni  CoudiuitiTity ''^■ 

Rc^Mmnoe  per  Hil-foot M.SSoblxi*. 

Tempenture 78*  P. 

Bsnic  Limit 14.000  Iba.  per  k 

Cilinute  SUwcth 28.000  Ibe.  per  K 


i 

FounJs 

Obut»r 

1 

J 

.Sa,. 

^.■3. 

^b*:*"b. 

ffij"- 

a 

Hn. 

^1 

WWW>00 

7S70 

1  m 

.oises 

OSO^fl 

20  4ZO 

* 

.w 

.IWli, 

38.5 

'" 

waoo 

^ 

450 

8,ia 

I 

'II 

■  11 


.Si 

u 
u 

Si 

m 


iiy 


li 
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^  Hill  lllii  iiiii  iiii*  '^^-^ 


|«|  3si|s  lips  sjaii  iiss  sssss 
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fflScSi^S  «!*!?■*»  msR-.-.  -SSoii 
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1.  Stranded  wire  should  always  be  used,  even  in  the  smaller  siies,  as, 
the  aotJk>n  of  the  wind  causes  solid  aluminum  wire  to  "orvstallise,"  thereby 
deoreanng  its  strength;  also,  there  is  less  liability  of  flaws  in  the  metal 
^^■^»w  breakage. 

g.    iTiwminiim  gathers  much  less  sleet  than  copper. 

3.  It  oosts  less  to  string  aluminum  than  copper,  due  to  the  less  weight. 

4.  Due  must  be  taken  in  stringing  aluminum  to  prevent  denting  and 
abrasion,  as  the  wire  is  very  soft. 

6.  Meohaoiical  and  spUoe  joints  made  without  the  use  of  solder  are  entirely 
satisfactory. 

A.  Wires  should  be  strung  far  enough  apart  to  prevent  trouble  from 
bunung-off  of  the  wire  in  case  of  a  short  circuit. 

7.  Due  to  its  high  coefficient  of  linear  expansion  and  low  tensile  strength. 
the  minimum  allowable  sag  for  aluminum  wire  is  considerably  greater  than 
for  copper.  This  is  one  great  objection  to  aluminum  for  telephone  and 
telegrmm  lines.  For  long  spans  the  difference  in  deflection  between  alu- 
minum and  copper  wires  may  be  so  great  as  to  require  a  considerably  higher 
pole  in  case  aluminum  is  used,  although  the  pole  need  not  be  as  strong  as 
wouki  be  required  for  copper,  as  the  weight  of  aluminum  for  equal  con- 
duetivity  is  but  47  per  cent  of  the  weight  of  copper. 


G4 


XMOir  Aim  0raBii  tmuB, 

of  ]l«at  Cfalvavlsed 


Per  cent  Conductivity  (copper  100) 
Per  eent  Conductivity  (piu«  iron  100) 

Specific  Gravity 

nvrndm  in  I  oubio  foot 

Pounds  in  I  cubic  inch 


Pounds  per  mile  per  circular  mil. 
Ultimate  strength, - 


sq.  m. 
Uodulns  of  elastioity, 


in.  X  s(}.  in. 

Coefficient  of  Linear  Expansion  per  **  C 

Coefficient  of  linear  Expansion  per  **  F 

Melting  Point  in  *»  C 

Melting  Point  in  <*  F 

gpeeifio  Heat  (watt  seconds  to  heat  1  lb.  1^  C.) . 
Tliermal  (conductivity  (watts  through  ou.  in., 


tea^>erature  gradient  I**  C.) 


Microhms  per  eentimeter  cube  at  0°  C. 
Microhms  per  inch  cube  at  0*  C.  .    .    . 

Ohms  per  nul  foot  at  0<*  C 

Ohms  per  mil  foot  at  20*"  C 

Ohme  per  mile  at  <*  C 


Ofama  per  mile  at  20*^  C.     ... 

Founds  per  mile-ohm  °  C.  .  .  . 
Pounds  per  mile-ohm  20**  d  .  . 
Temperature  Coeffident  per  ^  C. 
Temperature  Coefficient  per  **  F. 


Iron. 


16.8 
05.5 
7.8 
487 
.282 
.014 

65,000 

26,000.000 

.000012 

.0000067 

1600 

2910 

209 

1.39 

9.5 

3.74 

57.2 

62.9 

302,000 

cir.  mils 
332.000 

cir.  mils 

4230 

4700 

.005 

.0028 


Steel. 


12.2 
69.2 
7.86 
490 
.284 
.0141 

68.000 

30.000.000 

.000012 

.0000067 

1475 

2686 

209 

1.39 

13.1 
6.17 
78.9 
86.8 
417,000 


cir.  mils 
468.000 

cir.  mils 

6860 

6500 

.005 

.0028 


PBOPBBTIES  OF  CONDDCTOBS. 


1  «lwU«iM. 


'  it 

A 

L 

1 

k 

1 

,„iSS=-. 

in  Oh™  at  68'  K. 

1 

'} 

i 

i 

1 

i 

I 

E.D.B 

B.B. 

StoL-!. 

E.B.B 

B.B. 

sud. 

^ 

■ni 

TV 

i>.ilc 

2,100 

2.400 

2  701 

e  44 

T  S3 

S.H) 

im 

iiiilc. 

,1 

1  II,  ji^ 

70« 

M 

,..     ,. 

.■^-         nt, 

■'■■- 

41i.0F 

,,,.2? 

B,..l 

Tho/nre  ™li!S"t} 


liiasvwacclinKklncstrKiD  la  3.3  ti: 
111*  kv«nn  bnskinp  itTmin  ig  3.7  tii 
Th«  mUa-ahin  —  w»mhl  per  mile  X 


is  4,700  for  E.  B.  B.  win. 

i<  S.fiOO  lor  B.  B.  wire. 

ii  S,500  tor  Steel  wire. 

mee  the  wfifht  per  mile  for  EI.B, 


■ttsr- 

W»i«h(  per  1000'. 

t^ 

BvaStrud. 

^w.p^''|'^.^r'* 

IT-M 
3-l« 

518 

300 

lao 

eie 

510 
444 

270 
1 

6T7 

s 

163 

1 
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Pr*pertl«s  of  0te«l  IFire. 

ROBBLDIO, 

NoTK. — The  breakinc  weights  given  for  tied  wire  are  not  thoM  of  SUd 
TeUgraph  wire.  They  appl^  to  wire  with  a  tenaile  itrength  of  100,000 
pounds  per  square  in<A.    This  strength  is  higher  than  that  of  telegraph  wire. 


No.. 
Boeb- 
HngQ. 


6-0 
4-0 
3-0 
2-0 

0 
1 
2 
3 

4 

5 
A 

7 
8 

g 

10 

11 

12 
13 
14 

15 
10 
17 
18 
19 

20 
21 
22 
23 
24 

25 
20 
27 
28 


30 
31 
32 
33 
34 

35 
36 


Diam- 
eter in 
Inches. 


.400 
.430 
.303 
.302 
.831 

.307 
.283 
.303 
.244 
.225 

.207 
.192 
.177 
.102 
.148 

.135 
.120 
.106 
.002 
.080 

.072 
.003 
.064 
.047 
.041 

.036 
.032 
.028 
.025 
.023 

.020 
.018 
.017 
.010 
.016 

.014 

.0136 

.013 

.011 

.010 

.0096 
.009 


in 
Square 
Inohes. 


.100191 
.146221 
.121804 
.102022 
.080049 

.074023 
.002802 
.064326 
.040700 
.089701 

.088064 
.028963 
.024600 
.020012 
.017203 

.014814 
.011310 
.008059 
.000048 
.005027 

.004071 
.008117 
.002290 
.001736 
.001320 

.000902 
.000804 
.000010 
.000491 
.000416 

.000314 
.000264 
.000227 
.000201 
.000177 

.000164 
.000143 
.000133 
.000006 
.000079 

.000071 
.000004 


Brsaldng 

Strain 

100.000  lbs. 

sq.  inch. 


10.019 
14.622 
12.130 
10.292 
8.006 

7.402 
0.290 
6.433 
4.070 
3.970 

3.806 
2.896 
2.401 
2.001 
1.720 

1.431 

1,131 
800 
006 
608 

407 
312 
229 
174 
132 

90 
80 
02 
49 
42 

81 
25 
23 
20 
18 

16 

14 

13 
9.6 
7.9 

7.1 
0.4 


Weight  in  Pounds. 


Per 
1.000  ft. 


668.4 
487.9 
407.0 
346.8 
289.1 

248.7 
211.4 
182.6 
167.1 
133.0 

113.1 
97.3 
82.7 
09.3 
67.8 

48.1 
88.0 
29.1 
22.3 
10.9 

13  7 

10.6 
7.70 
6.88 
4.44 

3.23 
2.70 
2.07 
1.06 
1.40 

1.00 
.866 
.703 
.070 
.694 

.617 
.481 
.440 
.819 
.204 

.288 
.214 


PerMUe. 


2.948 
2.670 
2.162 
1.820 
1.627 

1.318 
1.110 

904 

830 

706 

697 
614 
437 
800 
306 

264 
201 
164 
118 
89.2 

72.2 
66.3 
40.0 
30.8 
23.4 

17.1 
14.3 
10.9 
8.71 
7.87 

6.68 
4.61 
4.03 
3.67 
3.14 

2.78 
2.64 
2.30 
1.09 
1.39 

1.20 
1.18 


Feet  in 
2.000  lbs. 


8.682 
4.099 
4»907 
6.783 
.   0.917 

8.041 

9.403 

10.967 

12.780 

14,970 

17.087 
20.669 
24,191 
28.878 
34,000 

41.684 
62.031 
08.762 
89.626 
118.418 

140,198 
191.022 
259.909 
343.112 
460,850 

018.020 
740.193 
900,061 


This  table  was  ealenlated  on  a  basis  of  483.84  pounds  per  cubic  foot  for 

eel  wire.    Iron  wire  is  a  trifle  lighter. 

The  breaking  strains  are  oalouutted  for  100.000  pounds  per  square  inch 
throughout.  dmpHy  for  convenience,  so  that  the  breaking  strains  of  wires 
of  any  strength  |>er  square  inch  may  be  quickly  determined  by  multiplsdng 
the  values  given  in  the  tables  by  the  ratio  between  the  strength  per  square 
ineh  and  100,000.     Thus,  a  No.  16  wire,  with  a  strength  per  aquare  inch  of 

150.000  pounds,  has  a  breaking  strain  of  407  X  j^'^  -  010.5  pounds. 

The  "Roebfing"  or  "Market  wire  Gauge"  is  now' used  as  standard  for 
in 
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PROPERTIES  OP  CONDUCTORS. 


Sphcific  Rbubtance  and  Tbmpbbaturb  GoBFrxcmrr. 


Substance. 


Platinum  silver 

(Pt66.AjE33) 
Paten  t-Mio£el 

(Cu74.41.Zn0.28,Ni25.10,Fe0.42. 

Mn0.13) .    .    . 

Platinoid 

<Cu  50  Zn  25.5.  Ni  14.  W  55) 
G^man  Silrer 

(Cu,  Zn,  Ni  in  varioUB  proportions) 

^u,  Ni.  and  F^Mn  in  various  propor- 

tions2 

Boker  &  Go.'s  lala,  hard 

Bokor  A  Co.'s  lala,  soft 

Krupp's  metal 

Driver-Harris  Co.'8  "a  B.» 

Driver-Harris  Co.'s  "Advance"  .  .  .  . 
Driv«r.HarrisCo.'8*'Fern)-Nicker'  .  . 
Constantin 


Microhms 

oer  Oubio 

Centimeter 

about 

20*  F. 


31.726 


34.2 


Temperature  Coeffi- 
cient per  *  C. 


:000243 


.00019 


19  to  46 

.00025  to  .00044 

42  to  74 

.000011  to  .00014 

50.2 

—  .000011 

47.1 

+.000005 

85.13 

.0007007 

55.8 

Small 

48.8 
28.3 

Very  small 
.00207 

50  to  52 

German  silver  is  an  alloy  of  copper,  nickel,  and  gino.  The  electrical 
properties  of  the  alloy  naturally  vary  considerably  with  the  proportions  of 
the  constituent  metals.  The  proportion  of  nickel  preeent  is  ordinarilsr  used 
to  distinguish  the  various  alloys,  as  the  amount  of  this  metal  present  in  the 
alloy  fixes  the  proportions  of  the  other  constituents  in  order  that  the  result- 
ing material  may  be  easily  worked.  As  made  in  the  United  States,  com- 
mercial German  silver  is  made  with  approximately  the  following  propor- 
tions. 


(Dr.  F.  a.  C. 

Perbine.) 

Designation. 

Constituents 

• 

Resistance  at  "*  C. 

Per  Cent. 
Alloy. 

Nickel. 

Copper. 

Zinc. 

Microhms 
Per  Centi- 
metor. 

• 

Ohms 

PerMU 

Foot. 

8 

12.5 
20 
30 

8 

12.5 
20 
30 

60 
57 
56 
50 

32 
30.5 
24 
20 

19 
25 
32 
46 

114 
150 
198 
277 

Specific  gravity,  8.5. 
Temperature  coefficient  per  *  C, 


.00025  to  .00044. 


GERMAN   SILVER  WIRES. 
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lt««i«taMccs  of  CfermaB  ftllrer  Wire  at  90^  W. 

AiiBBiCAN  Gauob. — (American  Electrical  Works). 


18%  Alloy. 

30%  Alloy. 

ReBistaDoe  variea  .03  of  one 

Resistance  varies  .022  of  one 

per  cent  for 

one  degree 

per  cent  for 

one  degree 

Geotisrade. 

Centigrade. 

Sise. 

Ohma  per 
1000  ft. 

Ohms  per 
pound. 

Ohms  per 
1000  ft. 

Ohms  per 
pound. 

No. 

8 

11.772 

.24702 

17.658 

.37054 

t« 

0 

14.83 

.39240 

22.22 

.68873 

•« 

10 

18.72 

.62443 

28.08 

.93666 

•• 

11 

23.598 

.99281 

35.897 

1.4927 

•• 

12 

29.754 

1.6785 

44.631 

2.3676 

•t 

13 

37.512 

2.5101 

56.268 

3.7650 

•1 

14 

47.304 

8.9911 

70.956 

5.9862 

•• 

15 

59.652 

6.3462 

89.478 

9.5192 

•i 

16 

75.222 

10.090 

112.833 

16.135 

•< 

17 

94.842 

16.045 

142.263 

24.066 

•• 

18 

119.61 

25.511 

179.41 

38.266 

•• 

19 

155.106 

42.909 

232.659 

64.362 

•• 

20 

190.188 

64.498 

285.282 

96.524 

•« 

21 

239.814 

102.56 

359.721 

153.84 

•« 

22 

302.382 

163.06 

453.573 

244.60 

«« 

28 

381.33 

259.33 

571.99 

388.99 

•« 

24 

480.834 

412.37 

721.251 

618.55 

•• 

25 

606.812 

655.61 

909.468 

983.43 

<i 

26 

764.586 

1042.7 

1146.879 

1563.8 

<• 

27 

964.134 

1667.7 

1446.201 

2486.6 

•• 

28 

1215.756 

2636.0 

1823.634 

3953.9 

•« 

29 

1533.06 

4191.5 

2209.59 

6287.2 

•• 

30 

1933.038 

6666.5 

2899.567 

9999.6 

•• 

31 

2437.236 

10594. 

3655.854 

15890. 

«• 

32 

3073.77 

16850. 

4610.65 

26275. 

•« 

33 

3875.616 

26788. 

6813.424 

40181. 

>i 

34 

4888.494 

42618. 

7332.741 

63927. 

«• 

35 

6163.974 

67759. 

9245.961 

101640. 

*• 

86 

7770.816 

107700. 

11656.224 

161540. 

•• 

37 

9797.166 

171170. 

14695.749 

256770. 

•• 

38 

12357.198 

269820. 

18535.797 

404740. 

•• 

39 

15570.828 

428720. 

23356.242 

643070. 

t» 

40 

19653.57 

682540. 

29480.35 

1023800. 

Specific  Gravity  8.5  approx. 


Dh.  F.  a.  C.  Pkbrdob. 

Perhftpe  the  most  remarkable  resistance  alloy  which  hfts  been  produced 
is  wM^TigMiiw,  invented  by  Edward  Weston  in  1889.  It  b  composed  of 
copper,  nickel,  and  ferro-manganese  in  varsring  proportions.  , 

I'rof.  Nichols  of  Cornell,  hiss  shown  that  coils  made  of  this  material 
BTB  apt  to  change  their  reidstanoe  when  successively  heated  to  100^  Cent. 
and  cooled  to  0^  Cent.,  but  Dr.  Lindeck,  working  for  the  Reichsanstalt.  states 
that  when  a  completed  coil  is  annealed  at  a  temperature  of  140**  C^t.  for 
five  hours,  no  further  difficulty  is  experienced  from  any  aging  change, 
whether  produced  by  time  or  repeated  heatings  and  eoolii^. 

A  furtner  advantage  of  manganin  which  has  been  noticea  by  Dr.  Lindeck, 
when  used  for  resistance  coi1s,ls  its  very  feeble  thermo-electno  iwwer  when 
soklared  to  copper,  as  is  almost  always  the  case  in  standard  coils.  W'^^* 
for  german  silver  the  thermo-electric  power  is  between  20  and  30  micro- 
volts per  dsgree  Centigrade,  and  for  oonstantin,  an  alloy  of  copper  50  parts 
with  nickel  50  parts,  naving  a  temperature  coefficient  between  .00003  and 
.00004,  a  thermo-electrio  power  of  40  micro-volts  per  degree  Centigrade  is 
found,  the  theniK>-eleetrie  power  of  manganin  is  not  abow  one  or  two  micro- 
volts per  degree. 


PBOPERTIBS  OP  CONDtJCTOHS, 


Dr.F 

A. 

C.P 

!»»>. 

Ohmi 

Ul- 
orobm. 

S^ 

Awhority. 

m 

rffili. 

Cu. 

Fe.Hn. 

Hi. 

mehol. 

8*. 

12. 

*■ 

o.oooo 

^  IMaiaadSBB,  ■ 


BOKDI  t  Co.'i  UIa. 

ftiMifia  crmvHjr ft* 

Uhirohma  p«r  oantimMer  mb«,  0°  C  hvd 

Uietohnu  par  mil-loot,  0°C.,  Iwrd 

Hierohmi  par  mil-loot,  0°C..K>ft 381. 

Tamixntiira  ooaffldent  per  O*  C,  tmid —  " 

T«inpvstiire  gosffident  par  {f  C,  wft 


"^  "■ 

S'- 

Are*, 

Circulv. 
Mil.. 

Ste-S. 

Approjd- 
mMely. 

40 

0031 

.81 

3671*. 

d  by  Baker  Co..  101-1 


I  DuuM  St..  New  York. 


boker's  resistance  ribbon. 
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I»  I*  ^aalltj. 


• 

ads? 

Thiokneu, 
Inch. 

Ohms  per  1000  feet. 

iin. 

i  in. 

fin. 

iin. 

f  in. 

fin. 

i  in. 

1  in. 

8 

.128 

14.81 

7.40 

4.93 

3.70 

2.96 

2.46 

2.11 

1.85 

9 

.114 

16.69 

8.34 

5.56 

4.17 

3.34 

2.78 

2.38 

2.08 

10 

.101 

18.80 

9.40 

6.26 

4.70 

3.76 

3.13 

2.70 

2.36 

11 

.0007 

20.97 

10.48 

6.99 

5.24 

4.19 

3.49 

2.99 

2.62 

12 

.0808 

23.46 

11.73 

7.82 

6.86 

4.69 

3.91 

3.36 

2.93 

13 

.0719 

26.63 

13.31 

8.87 

6.65 

5.32 

4.43 

3.80 

3.32 

14 

.0641 

29.62 

14.81 

9.87 

7.40 

5.92 

4.93 

4.22 

8.70 

15 

.0571 

33.38 

16.69 

11.12 

8.34 

6.68 

5.66 

4.77 

4.17 

16 

.0508 

37.60 

18.80 

12.53 

9.40 

7.62 

6.26 

5.37 

4.70 

17 

.0452 

41.94 

20.97 

13.98 

10.48 

8.38 

6.99 

6.99 

6.24 

18 

.0403 

46.92 

23.46 

15.64 

11.73 

9.38 

7.82 

6.70 

6.86 

19 

.0859 

53.26 

26.63 

17.78 

13.31 

10.64 

8.87 

7.60 

6.65 

20 

.0320 

59.24 

29.62 

19.75 

14.81 

11.84 

9.87 

8.46 

7.40 

21 

.0284 

66.76 

33.38 

22.25 

16.60 

13.35 

11.12 

9.63 

8.34 

22 

.0253 

75.20 

37.60 

25.07 

18.80 

15.04 

12.63 

10.74 

9.40 

23 

.0225 

83.88 

41.94 

27.96 

20.97 

16.77 

13.98 

11.98 

10.48 

24 

.0201 

93.84 

46.92 

31.28 

23.46 

18.77 

15.64 

13.40 

11.73 

25 

.0179 

106.52 

53.26 

35.50 

26.63 

21.30 

17.78 

15.21 

13.31 

26 

.0159 

118.48 

59.24 

39.49 

29.62 

23.69 

19.76 

16.91 

14.81 

27 

.0142 

133.52 

66.76 

44.50 

33.38 

26.70 

22.26 

19.07 

16.69 

28 

.0126 

150.40 

75.20 

50.13 

37.60 

30.08 

26.07 

21.60 

18.80 

29 

.0112 

167.76 

83.88 

55.92 

41.94 

33.66 

27.96 

23.96 

20.97 

30 

.0100 

187.68 

93.84 

62.56 

46.92 

37.63 

31.28 

26.81 

23.46 

31 

.0089 

213.04 

106.52 

71.01 

53.26 

42.60 

35.60 

30.43 

26.63 

32 

.0079 

236.96 

118.48 

78.98 

59.24 

47  .'40 

39.49 

33.82 

29.62 

33 

.0071 

267.04 

133.52 

89.01 

66.76 

53.40 

44.60 

38.16 

33.38 

34 

.0063 

300.80 

150.40 

100.26 

75.20 

60.16 

60.13 

42.97 

37.60 

35 

.0056 

335.52 

167.76 

111.84 

83.88 

67.10 

65.92 

47.93 

41.94 

36 

.006 

375.36 

187.68 

125.12 

93.84 

75.07 

62.66 

53.62 

46.92 

37 

.0044 

426.08 

213.04 

142.02 

106.52 

85.21 

71.01 

60.87 

53.26 

38 

.004 

473.92 

236.96 

157.97 

118.48 

94.78 

78.98 

67.64 

69.24 

206 


PROPERTIES  OP  CX)NDUCTOBS. 


Specific  gravity 8.102. 

Specific  reeiBtance  at  20**  C.  mean 85 .  13  miorohma. 

Temperature  coefficient,  mean .0007007. 

ReAiBtance  per  circular  mil-foot 314.  ohms. 

Resifltanoe  per  lOOO',  1  square  inch  area  .    .    .  .8513  ohms. 

This  metal  can  be  permanently  loaded  with  current  sufficient  to  raise  its 
temperature  to  600**  C.  (1112^  F.)  without  undergoing  any  structural  change. 
It  should  never  be  put  in  contact  with  asbestos,  however,  as  this  material 
causes  it  to  deteriorate  rapidly. 


Diam. 

IMam. 
in  Inches. 

Near- 

est 
B.&S. 
Gauge 

Feet 

Resistance  in  ohms  per  foot. 

In  m.m. 

at 

at 

at 

at 

No. 

680F. 

176°  F. 

2840F. 

428°  F. 

6 

.1968 

4 

9 

.0132 

.0138 

.0143 

.0150 

4 

.1772 

6 

12 

.0163 

.0170 

.0176 

.0184 

r 

.1575 

6 

15 

.0206 

.0215 

.0224 

.0235 

H 

.1378 

7 

19 

.0269 

.0280 

.0291 

.0907 

? 

.1181 

H- 

26 

.0368 

.0882 

.0396 

.0417 

2f 

.1063 

9-^ 

31 

.0437 

.0466 

.0472 

JO407 

n 

J0e84 

10 

37 

.0528 

.0660 

.0670 

.0601 

.0685 

11 

46 

.0663 

.0679 

.0705 

.0742 

2 

.0787 

12 

58 

.0825 

.0600 

J0892 

.0040 

11 

.0689 

13 

76 

.1078 

.112 

.116 

.123 

1} 

.0680 

15 

104 

.1468 

.153 

.159 

.167 

l{ 

.0492 

16 

150 

.2115 

.220 

.229 

.241 

1 

.0393 

18 

234 

.3305 

.dl4 

.366 

.376 

t 

.0295 

21 

415 

.5870 

.610 

.633 

.667 

.0196 

24 

987 

1.324 

1.38 

1.43 

1^1 

American  Agent,  Thomas  Prosser  &  Son,  15  Qold  St.,  New  York  City. 


Lealstsuice  ITIrea  RKade  by  Siiver^Harrta  IVtiv  Co., 

HarrlaoB,  If.  J** 


"  8.  B." — Resistance  per  mil-foot  at  76*  F. 

Low  temperature  oo^cient  and  low  thermo-eleotrio  effect 
against  copper.    Will  not  rust. 

"Advanck."  —  Resistance  per  mil-foot  at  75*F. 

A  oopper-niokel  alloy  containing  no  sine.    Temperature 
ooeffiicient  practically  nil. 


t« 


Ferro-Nickel."  —  Resistance  per  mil-foot  at  75"  F. 
Temperature  coefficient  per  *  F. 

About  the  same  resistance  as  German  Silver,  but  weighs 
ibout  ten  per  cent  less  and  is  cheapOT. 


330  ohms 


294  ohms 


170  ohms 
.00116 


DRIVKR-HABRIS  RESISTANCE   WIRES. 
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"8.  B." 

••Advance." 

"Ferro-Nickel." 

No*  B*  A  S. 

a 

OhzDB  per 
1.000  ft. 

Ohms  per 
1.000  Tt. 

Ohrnn  per 
1.000  Tt. 

10 

32 

28. 

2.0 

11 

40 

35.5 

2.5 

12 

51 

44.8 

3.2 

13 

64 

56.7 

4.1 

14 

82 

71.7 

5.1 

15 

103 

00.4 

6.5 

16 

130 

113 

8.2 

17 

168 

145 

10.4 

18 

210 

184 

18.1 

19 

260 

226 

16.3 

20 

328 

287 

20.5 

21 

415 

362 

25.9 

22 

526 

460 

32.7 

23 

660 

575 

41.5 

24 

831 

725 

52.3 

25 

1.060 

919 

65.4 

26 

1.328 

1.162 

85 

27 

1.667 

1.455 

106 

28 

2.112 

1.850 

131 

20 

2,625 

2,300 

166 

30 

3.360 

2.940 

209 

31 

4.250 

3,680 

266 

32 

5.250 

4.600 

333 

33 

6.660 

5,830 

425 

34 

8,400 

7.400 

531 

35 

10.700 

9.360 

672 

36 

13.440 

11.760 

850 

37 

16.640 

14.550 

1.070 

38 

21.000 

18.375 

1.330 

30 

27.540 

24.100 

1.700 

40 

37.300 

32.660 

2,120 

•       • 

•       •       ■ 

... 

.    >   • 

( 
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GVlUUBira  OJURlKYIWe  CAPACSVY  OF  WVRE0 

Ann*  CAUiElft. 

Let       D  "■  diameter  of  wire  or  oable  core  in  inches. 

T  ■-  temperature  elevation  of  wire  or  cable  core  in  *  Centigrade. 
/  ■»  current  in  wire  in  amperes. 

r  "■  specific  resistance  of  wire  in  ohms  per  mil-foot  at  final  tem- 
perature. 

The  following  approximate  formuln  give  results  sufficiently  accurate  for 
practical  purposes. 

Barb  Ovebhbad  Wires  Oxrr  or  Doors. 
Stranded : Solid : 

/  -  1100  ^I^.  I  -  1250  ^I^' 

Babk  Wzrbs  In  Doors,  Exfosbd. 
Stranded  :  Solid : 

/  -  610  ^T^'  /  -  600  JI^. 

SiNOLB  Conductor  Rubber  Covered  Cable  in  Still  Air. 
Stranded  ;  Solid j 

7-490  y/^.  7-630  ^I^. 

Single  Conductor  Rubber  Covered  Lead  Sheathed  Cable  in 
Underground  Single  Duct  Conduit. 

Stranded  :  Solid  : 

7-490  ^I^.  7-630  ^ I^. 

Sdvolb  Conductor  Paper  Covered  Lead  Sheathed  Cable  in 
Underground  Single  Duct  Conduit. 

Stranded  :  Solid : 

7-430^.  7-470  y'lie?. 

*  Threb-Conductor  Rubber  Covered  Lead  Sheathed  Cable  in 
Underground  Single  Duct  Conduit. 

Stranded  : Solid  : 

7  -  370  ^I^'  7-400  y/™?. 

*  Thrbe-'Oonductor  Paper  Covered  Lead  Sheathed  Cable  im 
Underground  Single  Duct  Conduit. 

Stranded:  Solid: 

7-320  y/l5?.  7-360  y/l??. 


^   /  is  here  current  per  wire. 


CAPACirr  or  wirbs  and  cables. 


"""x: 


B.A8. 

CircuUr 

Am- 

*H' 

*w 

Rubber 
Covand 

iir 

I»r«. 

sa 

,iS 

TTO 

Si 

isi 

t  Ctipttettr  of  Htr«Bil»d  CspvcF  CowlaoMra  for 


Natioh. 

L  Eleotiiic*!. 

CODB. 

B.Aa.G. 

AimActiwl 

sSi^;. 

SlHofStnnd 

Amp««. 

10 

1.288 

1,624 

u 

2.<M3 
£683 

«' 

16 

3.25T 

4.107 

is 

13 

0,530 

8 

7 

2^790 

30350 

8 

38,612 

7 

e 

eo,os8 

8 

75  770 

100 

»9;0M 

0 

0 

7 

145 

157.603 

e 

170 

198:677 

200 

ae«,a87 

270 

373  737 

4 

320 

413.038 

S 

340 

Pot  alumln 

m  win  Che  carry 

"«"E"!yjL 

■nvjive 

Qiiu 

s  Co  be  Mkeo 

M  par  MDt  at  the  T>lue  vvaa  lO 
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(fVon  Udmioal  teller  of  Otnerai  Electric  Conpatiy 


it  iadut  A'  (hiolc     Paper  ininilsted  cables  hia 

ubbflr  imulated  cablH  with  sajne  current  and  th,. 

I  nquin  about  four  hourg  to  reach  final  teDiperaturs. 


fhictiiwi  of  mnrinc*. 


OiUgg  immarsed  in 

of  temperature,  and  cables  buried  in __. 

eabiM  should  Dot  ba  run  above  TO*  C.    Puv  oablw  thouLd  i 
W>C. 


Ampene 

■t  30'  C 

Ampsre. 

M  60°  C. 

TH, 

laeltv 

R 

K 

pper 

1 

Dbk 

Braided. 

J,rit 

Braided. 

„Wi 

Coverwl. 

Covered. 

eB.A8.Bol>d 

lea 

01 

E8~ 

7S 

68 

4  B.  A  B.  Solid 

133 

121 

102 

148 

IBS 

141 

189 

170 

IBl 

sai 

210 

218 

368 

241 

000  B^  &  a.  Stranded 

aae 

34S 

32E 

208 

320 

2»1 

360000  CM. 

3fiS 

S24 

SOOOOOCH. 

414 

877 

aaooooc.M. 

460 

£68 

400000  CM. 

735 

512 

664 

4GO0OOC.U. 

787 

U2 

618 

HUOOOCH. 

820 

600 

MB 

MX) 

004 

1140 

034 

B2.; 

1388 

300 

asooooclM. 

1481 

338 

SOOOOOCH. 

480 

aoooooocM. 

760 

1766 

2178 

»«0 
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© 

®  ®  ® 

®- 

©  0  © 

(M) 

Fio.  22. 


Cable. 

Number  of 
Conductors. 

Siie  B.  A  S.  and 
C.  M. 

Insulation. 

A* 

B 

0» 

D 

E 

F 

G 

H 

I 

J 

K 

L 

1 

000 

600.000 

000 

500,000 

1.250.000 

1.250.000 

000 

000 

1,250,000 

1.250.000 

000 

000 

A'  and  j(j'  Paper 

^' Paper 

A'  and  A'  Paper 

A' Paper 

A' Paper 

A' Paper 

j&'P»P«r 
Rubber 

A' Paper 
A' Paper 
Rubber 
A' Paper 

*  The  three  oonductors  of  A  and  C  in  multiple.* 
FIsher'a  results  are  summarised  in  the  following  table : 


Conductors 

30«C. 

Rise. 

50"  C. 

Rise. 

Carrying  Current. 

Conductor. 

Amperes* 

Conductor. 

Amperes. 

AU 

A.  &C. 
IL 

11 

Id 

130 
165 
180 
600 
500 
560 
536 
355 
400 

A.  &G. 
G 
L 
I 
£ 
J 
F 
B 
D 

180 

\Jt  x&t  ^^r  ^^  •     ...»••• 

E.F,I.J 

A.  B,  C,  D,  E,  F.  I,  J.    ... 

100 
260 
765 
750 
725 

oeo 

426 
660 

An  inq>ection  of  this  table  will  show  that  the  current  corresponding  to  a 
giTen  temperature  elevation  is  in  each  case  less  than  that  given  by  the 
formulas  on  page  206.  the  difference  bein^  from  4  to  25  i>er  cent,  depend- 
ing on  the  number  of  conductors  in  service  and  the  location  of  the  cable 
in  question.  It  is  to  be  noted  that  comer  ducts  radiate  heat  the  best,  anq 
•U  outside  duets  racUate  beat  mudi  better  than  do  the  inside  duets. 
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to  of  Cvrr«Bto* 


''atto    P«r     Foot 


(From   Handbook  No.  XVII,   1006.     Copyrighted    by  Standard   Under- 
ground Cable  Company.) 


Hiie  B.  &  8. 

Current  in 

Amperes. 

i 

• 

6 

66 

81 

93 

104 

114 

123 

5 

74 

91 

105 

117 

128 

138 

4 

84 

102 

117 

131 

144 

153 

3 

03 

114 

132 

148 

161 

176 

t 

lOS 

1S8 

148 

166 

181 

196 

1 

118 

148 

166 

186 

203 

220 

0 

132 

162 

187 

209 

228 

247 

00 

149 

181 

210 

235 

256 

277 

000 

166 

204 

235 

263 

288 

311 

0000 

186 

229 

264 

296 

828 

860 

Area  in 

1000  C.  M. 

300 

222 

273 

315 

352 

385 

416 

400 

248 

315 

363 

406 

445 

480 

500 

288 

352 

406 

455 

498 

537 

000 

315 

385 

445 

497 

545 

587 

TOO 

841 

416 

480 

638 

688 

6S6 

800 

364 

446 

514 

575 

628 

670 

900 

386 

473 

545 

610 

666 

720 

1000 

407 

498 

575 

642 

703 

758 

1100 

426 

522 

602 

674 

736 

796 

ISOO 

446 

646 

630 

706 

772 

888 

1300 

462 

568 

655 

732 

802 

866 

1400 

480 

590 

681 

761 

834 

900 

1500 

496 

610 

704 

788 

862 

931 

1600 

512 

629 

726 

812 

889 

960 

1700 

629 

649 

780 

887 

916 

990 

1800 

543 

667 

770 

862 

943 

1018 

1900 

557 

686 

792 

886 

970 

1048 

2000 

573 

705 

813 

910 

995 

1075 

Watte  loi 

it  per  ft. 

Temp.  (100 

1.81 

2.71 

3.62 

4.52 

5.43 

6.33 

of  oond.  12S 

l.M 

2.87 

8.82 

4.78 

6.78 

6.69 

in«»F.   160 

2.00 

3.00 

4.00 

5.00 

6.00 

7.00 

The  watts  lost  per  foot  means  the  amount  of  eleotrio  energy  lost  in  heat- 
ing the  conductor  and  is  equal  to  the  product  of  tiie  resistance  per  foot  of 
cable  times  the  square  <A  the  current  in  amperes. 

The  above  table  is^  useful  in  showing  the  watts  lost  in  heatini^  effect  per 
foot  of  cable  with  different  currents,  and  also  in  finding  the  sise  of  con- 
ductor that  must  be  used  for  a  given  current  and  watts  per  foot  loss. 

Wmr  Two-CoMdactor  Cables  the  watts  corresponding  to  the  dif- 
ferent currents  must  be  multiplied  by  two,  and  to  obtain  the  currents 
corresponding  to  the  watts  in  the  table  multiply  the  currents  given  in  the 
table  by  .707. 

Cor  Xhree-CoBdactor  Cables  the  watts  corresponding  to  the 
currents  in  the  table,  must  be  multiplied  bv  3.  and  to  obtain  the  currents 
corresponding  to  the  watts  in  the  table  multiply  the  currents  given  in  the 
table  by  ^77. 
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it  Cmrwyint^  Capttcllgr  of  Iiead  Covered  Cables. 

(From  Handbook  No.  XVII,  1906.    Copyrighted  by  Standard   Under- 
ground O&ble  Company.) 

The  current  carrying  capacity  ci  ineuJated  copper  cables  sheathed  with 
lead  depends  primarily  upon 

(a)  The  siae  and  number  of  conductors  and  their  relative  position. 

(6)  The  ability  of  the  insulating  material  to  withstand  high  tempera- 
tures and  to  conduct  heat  away  from  the  copper  conductw,  —  this  latter 
being  in  turn  dependent  upon  land  oS  insulation  and  its  thiclmess. 

(c)  The  initial  temperature  of  the  medium  surrounding  the  cable. 

id)  The  ability  of  the  medium  surrounding  the  cable  to  dissipate  heat 
with  small  temperature  rise. 

(e)  The  number  of  operating  cables  in  close  proximity  and  their  relative 
poaitiona. 

Where  a  number  of  insulated  conductors  are  under  the  same  sheath, 
they  are  subject  to  an  interchange  of  heat  somewhat  similar  to  that  which 
takes  place  when  a  number  of  separate  cables  are  laid  closely  together, 
and  for  that  reason  each  conductor  of  a  multi-conductor  cable  will  have  a 
smaller  current  carrying  capacity  than  a  singlessonduotor  cable.  If  the 
various  conductors  are  separately  insulated  and  laid  tog^her  in  the  form 
of  flat  or  round  duplex  or  triplex,  their  carrying  capacity  will  be  greater 
than  if  they  are  laid  up  in  the  form  of  two-conductor  concentric  or  three- 
conductor  concentric,  smee  the  «iveloping  conductors  in  the  latter  forma- 
tion seriously  retard  the  dissipation  of  neat  from  the  inno-  conductors. 
Assuming  that  unity  (1.00)  represents  the  carrying  capacity  of  single- 
conductor  cables,  the  capacity  of  multi-conductor  cables  woiud  be  given 
by  the  following: 


2  oond.  flat  or  round  form, 

3  oond.  triplex  form 


.87;    concentric  form, 
.75;    concentric  form, 


.79 
.60 


{ 


The  following  experiment  on  duplex  concentric  cable  of  625,000  C.  M. 
indicates  deariy  the  danger  in  subjecting  this  t;vrpe  of  cable  to  heavy  over- 
loads of  even  snort  duration.  The  cable  was  nrst  heated  up  by  a  current 
of  440  amperes  for  5  hours.  An  overload  of  50  per  cent  was  then  applied, 
the  results  in  degrees  Fahrenheit  above  the  surrounding  air  bemg  as 
follows: 


Tims  from  Start. 

OMin. 

15Min. 

30Min. 

45Min. 

60Min. 

90Min. 

Inner  Conductor 
Outer  Conductor    . 
Lead  Cover     .    .    . 

70« 

55 

31 

84« 

65 

35 

99* 

76 

40 

111<> 
85 
45 

123* 
94 
49 

142° 
108 
67 

In  any  cable  the  area  over  which  dissipation  of  heat  must  take  place  b 
proportional  to  the  circumference  of  the  conductor  or  (since  the  circum- 
ference varies  as  the  diameter),  upon  the  diameter  of  the  conductor,  while 
the  cross  section  of  the  conductor  varies  as  the  square  of  the  diameter. 
Hence  the  sixe  of  conductor  varies  much  more  rapidly  than  its  heat  radiat- 
inc  surface,  and  in  consequence  the  amperage  per  square  inch,  or  circular 
^9  of  copper  section,  must  be  less  for  large  size  conductors  than  for  small, 
in  order  to  have  the  same  rise  of  temperature  under  the  same  conditions. 
The  usual  formula  for  carrying  capacity. 


Current 


(diam.  of  Cond.)* 
A  constant 


takes  aooount  of  this  fact  but  not  to  a  sufficient  degree,  and  we  find  that 
for  cables  as  ordinarily  used  in  underg^round  work,  a  more  correct  expression 
is  the  following: 

Current  —  (<^i»n>-  of  Cond.)> 
A  constant 


214 


PROPEBTIK8  or  CONDUCTOBS. 


90 

100 

110 

120 

180 

140 

IMl 

.86 

.78 

.70 

.00 

.48 

.84 

.oc 

Rubber  insulation  is  a  aomewhat  better  heat  conductor  than  dry  or 
saturated  paper,  and  therelore^  when  applied  to  the  same  sise  oonduetor  in 
equid  thickness,  will  permit  of  a  larger  current  flowing  in  the  conductor  for 
the  same  rise  of  temperature  above  the  surrounding  air.  On  the  other 
hand,  rubber  deteriorates  much  more  rapidly  at  hi^  temperatures  than 
saturated  paper,  and  while  this  disadvantuse  is  apparently  compensated 
for  up  to  about  100°  Fahrenheit  by  its  superior  heat  disslpatmg  qualities,  at 
hii^er  temperatures  deterioration  takes  place  and  becomes  so  serious  uutt 
its  value  as  an  insulating  medium  disappearB  in  a  comparatively  short  time. 

As  the  thickness  of  insulation  is  increased,  the  temperature  of  the  con- 
ductor, with  any  given  current  flowing  gradually,  increases  and  therrfors 
the  current  carrying  capacity  becomes  reduced.  The  reduction  in  capacity 
however,  is  not  very  great,  being  in  the  ratio  of  about  03  for  H  insulation 
to  100  for  it  insulation,  so  that  the  values  in  the  table  given  below  should 
be  sli^Uy  decreased  when  greater  thicknesses  than  A  are  used. 

As  It  is  the  final  temperature  reached  which  really  affects  the  carrsring 
capacity,  the  initial  temperature  of  surrounding  medium  must  be  taken 
into  account.  If,  for  instance,  the  conduit  svstcm  parallels  steam  or  hot 
water  mains,  the  temperature  of  lfiO°  F.  (which  nn  have  assumed  in  the 
table  on  pace  215  to  be  the  maxinium  for  safe  oontfaiuous  work  on  cables) 
will  be  reached  with  lower  values  of  current  than  would  otherwise  be  the 
case;  and  as  70°  is  the  actual  temperature  we  have  assumed  to  exist  in  ^e 
surrounding  medium  prior  to  loading  the  cables,  any  increase  over  70° 
must  be  compensated  for  by  reducing  the  current  carried. 

For  rough  calculations  it  will  be  safe  to  use  the  following  multiplicn  to 
reduce  the  current  carrying  capacity  ^ven  in  the  table  on  page  215  to  the 
proper  value  for  the  ooriesponding  initial  temperatures: 

Initial  Temp.  .       70        80 
Multipliers  .    .  1.00       .03 

The  ability  of  the  surrounding  medium  to  dissipate  heat,  direotlv  affeotc 

the  carrjring  capacity  of  the  cables,  as   with  the  same  current  tne  cable 

might  be  comparatively  cool  tf  laid  in  flood  heat  conducting  material  such 
as  water,  and  dangerously  hot  if  laid  in  poor  heat  conduct- 
ing material  such  as  dnr  sand.  Ordinary  conduit  systenui 
of  day  or  terra  ootta  ducts  laid  in  conentj  dissipate  heat 
fairiy  wdl,  the  outside  ducts,  however,  being  much  more 
efficient  in  this  function  than  the  inner  ones,  so  that  an  ideal 
system,  from  this  point  of  view,  would  consist  of  a  single 
horiaontal  layer  of  ducts.  As  this  would  require  an  cnormooa 
width  of  trench  and  considerable  inconvenience  in  handling 
the  cables  in  manholes  when  many  cables  are  to  be  installed, 
we  would  suoest  the  fonn  shown  in  Fig.  28  as  being  more 
practicable. 

Where  more  ducts  are  required,  the  vertical  section  shown 
could  be  easily  duplicatedla  considerable  space,  however, 
being  left  between  tnem.  With  this  arrangement,  the  carry- 
ing capacities  given  in  the  table  on  p.  216  could  be  somewhat 
incrsased. 
When  a  number  of  loaded  cables  are  operatins  in  dose  proximity  to  one 

another,  the  heat  from  one  radiates,  or  is  earned  by  conduction,  to  each  of 

the  others,  and  all  raised  in  temperature  beyond 

what  would  have  resulted  had  only  a  single  cable 

been  in  operation;  and   if   the   cables   oceupy 

adjacent  ducts  in  a  conduit  system  of  approxi- 

matdy  square  cross  section  laia  in  the  usual  way, 

the  centrally  located  cable  or  the  one  just  above 

the  center  in  large  installations  (A  in  Fig.  24) 

wiU  reach  the  hii^est  temperature.    This  is  equiv- 
alent  to  saying  that  its  carrying  capadty  is 

reduced,  and  while  this  reduction  does  not  amount 

to  more  than  about  12  per  cent  (as  compared 

with  the  cable  most  favorably  located,  —  as  at 

D,  Fig.  24)  in  the  duct  arrangement  given,  it  may  easily  assume  much 

greater  proportions  where  large  numbers  of  cables  are  massed  together. 


Fia.  23. 


Fio.  24. 
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Aaraminc  that  not  more  than  twelye  oablca,  arranced  as  shown  in  Fig. 
34.  can  be  used,  the  averace  oarrying  capacity  may  be  taken  as  the  crite- 
rion for  inoper  sise  of  oonaactor;  and  for  cables  of  a  given  type  and  sise 
the  carrying  capacities  of  all  cables,  even  though  placed  in  adjacent  ducts, 
will  be  represented  by  the  following  figures,  taking  unity  as  the  avenge 
carrying  capaeity  of  four  cables: 

No.  (>a>lce 2  4  6  8  10  13 

MulUplier 1.10        1.00         .88         .79         .71         .63 


CsiMc; 
er  Tool 


ittoa  for  Giiteh 


Wotta  iMMt  per  root. 

Foit  each  of  four  equally  loaded  sin^e  conductor  paper  insulated  lead 
covered  cables,  installed  in  adjacent  ducts  in  the  usual  type  of  eonduit 
system  where  the  initial  temperature  does  not  exceed  70"  F.,  the  Tnayimum 
aafe  temperature  for  oontinuous  operation  being  taken  at  160"  F. 


(Fh>m   Handbook   No.  XVII,   1906.    Gopvrighted   by  Standard   Under- 
ground Cable  Company.) 


Sise 
B.  ft  3.  G. 

Safe  Cur- 
rent in 
Amperes. 

Watts* 

lost  per' 

ft.  at 

150"  F. 

Sise 
CM. 

Safe  Cur- 
rent in 
Amperes. 

Watts* 
lost  per 

ft.  at 
150"  F. 

14 

18 

.97 

800,000 

823 

4.22 

13 

21 

1.08 

400,000 

890 

4.61 

12 

24 

1.09 

500.000 

460 

4.01 

11 

29 

1.15 

600,000 

505 

5.16 

10 

88 

1.86 

700^000 

018 

6.86 

9 

38 

1.39 

800,000 

607 

5.56 

8 

45 

1.53 

900.000 

660 

5.71 

7 

53 

1.67 

1,000,000 

696 

5.86 

6 

64 

1.85 

1,100.000 

740 

6.01 

• 

76 

S.06 

1,1M^000 

780 

6.18 

4 

91 

2.31 

1.300.000 

820 

6.25 

8 

108 

2.54 

1,400,000 

857 

6.37 

2 

125 

2.77 

1.500,000 

895 

6.49 

1 

146 

3.00 

1,600,000 

933 

6.61 

0 

i6i 

8.88 

1,700^000 

970 

6.78 

00 

195 

3.46 

1,800.000 

1010 

6.85 

000 

225 

3.69 

1,900.000 

1045 

6.97 

ooou 

260 

8.92 

2.000,000 

1085 

7.09 

{ 


*  Tilis  oolumn  represents  the  amount  of  energy  which  is  transformed 
into  heat  and  which  must  be  dissipated.  It  is  what  is  usually  called  the 
PR  loss  and  it  is  figured  by  using  for  /  the  current  values  given;  and  for  R 
the  resistance  of  the  respective  conductor  at  a  temperature  of  150"  F. 

N<yis.  —  The  table  is  compUed  from  a  long  sencs  of  tests  made  by  us 
in  conjunction  with  the  Niagara  Falls  Power  Company,  the  conduit  system 
being  of  the  type  shown  in  Fig.  24.  The  ducts  were  of  terra  cotta  with 
8-tncn  openings 
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a _-  Cnpacltr  la  HllswMM 

CsblH. 

s  Hudbook  No.  XVII,  igoe.     Copyrisbted  by  SUndud  Under- 
gnuDd  Cable  Company.) 


Volf. 

B.AS.G. 

1100 

2200 

3300  1  «ooo  1  eeoo  1 

11000 

..«. 

22000 

M.CI.C.M 

■c*or 

ClM>l.. 

A.C 

TD 

C. 

Siwln 

Volts. 

B.A8.a. 

125 

=■'« 

.W 

1100 

2200 

3300 

6600 

11000 

KilowmlU. 

135 

B 

271. 

1387 

3681 

liSfi 

^  paver  factor  —  1, 


it  currying  capadly  of 


9t  bfl  m^Uplied  by  the  power  faetoi  □(  the  delivered  load 
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riTAiif «  mwwmcmk  of  Bx«scTmc  cuiuuBif  n. 

By  W.  H.  Preece,  F.  B.  S.   See  "  Proc.  Boy.  Soo.,"  vol.  xliv.,  March  16, 1888. 

The  Law  —  1=  cufl ,  where  /.  currest ;  a.  constant ;  and  d,  diameter  — 
is  strictly  followed;  and  the  following  are  tne  Unal  values  of  the  constant 
"a,"  for  the  different  metals  as  determined  by  Mr.  Preece  :  — 


Inches. 

Ck>pper 10,244 

Almninnm       ....     7,685 

Platinum 6,172 

German  Silver.    .    .    .    6,230 

PUtinoid 4,750 

Iron 3,148 

Tin       1,042 

Alloy  (lead  and  tin  2  to  1)  1,318 
Leaa 1,379 


Centimeters. 

2,630 

1,878 

1,277 

1,292 

1,173 
777.4 
406.6 
326.5 
840.6 


Millimeters. 
80.0 
60.2 
40.4 
40.8 
37.1 
24.0 
12.8 
10.3 
10.8 


Table  OlvlMir  tttm  niameten  of  Wires  of  Varloaa  Ulaterl* 
ala  WMicli  Will  Be  Vaaed  l»7  a  Current  of  dlvea 
litreartli.  —  W.  H. Preece,  P.  B.  S.    d=  l-)*^ 


Diameter  in  Inches. 


1 

2 

8 

4 

6 

10 

16 

20 

35 

30 

36 

40 

45 

60 

eo 

70 
80 
90 
100 
130 
140 
100 
180 
300 


SO 


S75 


0.0021 
0X)034 
OMH 
0.0063 
Oj0062 
O.00B8 
0.0129 
0.0166 
0.0181 
0.0205 
0.0327 
0.0248 
0.0268 
0.0288 
0.0325 
O.0960 
0.0394 
0.0436 
0.0467 
O.0516 
0JI672 
0.0825 
0.0676 
0.0T26 
0.0784 
OMM 
0.0897 
OuOOCO 


O.O028 
0.0041 
0.0064 
0J0O65 
0.0076 
0.0120 
0J016S 
0.0191 
0.0222 
0.0260 
0.0277 
0.0303 

ojoas» 

0.0362 
0.0397 
0.(M40 
0.0481 
O.OG20 
0.0668 
0.0630 
0.0698 
0X763 
0.0626 
0.0686 
0J096S 
0.1028 
0.1096 
0.1161 


.  . 
ig 

ST"  * 


0.0033 

0.0063 

0.0070 

0.0064 

0-0098 

0.0166 

0.0203 

0.0246 

0.0286 

0.0323 

0.0868 

0.0991 

0.0423 

0.0464 

0.0613 

0.0668 

0.0621 

0.0672 

0.0720 

0.0614 

0.0002 

0.0966 

0.1066. 

0.1144 

0.1237 

0.1327 

0.1414 

0.1406 


hi 


II 


s 


0.0033 
0.0063 
0.0069 
0.0064 
OJ0007 
0.0164 
0.0202 
0.0246 
0.0284 
0.0320 
0.0366 
0.0388 
0.0420 
0.0460 
0.0609 
0X)664 
0.0616 
0.0667 
0.0716 
0.0608 
0.0696 
0.0978 
0.1068 
0.1136 
0.1228 
0.1317 
0.1404 
0.1487 


OR 


0.0036 
0.0066 
0.0074 
0.0069 
0.0104 
0.0164 
0.0216 
0.0261 
0.0303 
0.0342 
O.0879 
0.0414 
0.0448 
0.0480 
0X>642 
0.0601 
0.0667 
0.0711 
0.0762 
0.0861 
0.0964 
0.1043 
0.1128 
0.1210 
0.1309 
0.1404 
0.1497 
0.1686 


« 


0.0047 
0.0074 
0.0097 
0.0117 
0.0186 
0.0216 
0.0283 
0.0343 
0.0398 
0.0460 
0.0498 
0.0646 
0.0689 
0.0632 
0.0714 
0.0791 
0.0664 
0.0936 
0.1008 
0.1133 
0.1266 
0.1372 
0.1484 
0.1592 
0.1722 
0.1848 
0.1969 
0.2066 


0.0072 
0.0118 

aoi49 

0.0181 
0.0210 
0.0334 
0.0437 
0.0629 
0.0614 
0.0694 
0.0769 
0.0840 
0.0909 
0.0976 
0.1101 
0.1220 
0.1334 
0.1443 
0.1548 
0.1748 
0.1937 
0.2118 
0.2291 
0.2467 
0.2658 
0.28M 
0.3038 
0.3220 


0.0063 
0.0132 
0.0173 
0.0210 
0.0243 
0.0686 
0.0606 
0.0613 
0.0711 
0.0803 
0.0890 
0.0973 
0.1052 
0.1129 
0.1276 
0.1413 
0.1644 
0.1671 
0.1792 
0.2024 
0.2243 
0.2462 
0.2652 
0.2846 
0.3077 
0.3301 
0.3618 
0.3728 


1 


II 


0.0081 
0.0128 
0.0168 
0.0208 
0.0236 
0.0376 
0.0491 
0.0595 
OjD600 
0.0770 
0.0664 
0.0944 
0.1021 
0.1096 
0.1237 
0.1371 
0.1499 
0.1621 
0.1739 
0.1964 
0.2176 
0.2379 
0.2573 
0.2760 
0.2986 
0.3203 
0.3418 
0.3617 
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The  aooompansring  eharts  *  (No.  1  for  long  spans.  No.  2  for  short  spans) 
enable  one  to  determine  without  arithmetical  computation  the  variation 
of  the  tension  and  sag  in  copper  wire  spans  with  the  temperature  and  resul- 
tant load  on  the  wire.  Similar  charts  can  be  readily  prepared  for  wires  of 
anymaterial. 

The  symbols  used  in  the  discussion  below  are  as  follows: 

m  "■  wei|dit  of  wire  per  cubic  inch  in  pounds, 
a  "■  coefficient  of  linear  expansion  of  wire  per  degree  Fahr. 
M  -"  modulus  of  elasticity  of  wire  (pounds  —  square  inch). 
^  —  ratio  of  resultant  of  the  weight  of  wire,  toe  weight  of  sleet  and  the 

wind  pressure  to  the  weight  of  wire. 
I  —  length  of  span  in  feet. 
I  —  rise  in  temperature  in  degrees  Fahr. 
T  —  tension  in  thousands  of  pounds  per  square  inch. 
D  —  deflection  at  center  of  span  in  feet  in  du«ction  of  resmtant  force  when 

points  of  suspension  are  on  the  same  level. 
8  -"  vertical  sag  at  center  of  span  in  feet  when  pointe  of  support  are  on 
the  same  level. 

The  lines  on  the  diarta  are  plotted  ae  follows: 

The  hyperbolic  curves  on  the  rif^t  have  the  equation  y  —  (^  when  y 

is  the  ordinate  and  T  the  abscissa.  A  curve  is  plotted  for  p  —  1.0,  1.2, 
1.4  .  .  .  4.0.  The  value  of  p  for  each  curve  is  indicated  at  the  top  of  the 
chart.  It  is  to  be  noted  that  the  horisontal  distance  between  these  curves 
at  any  level  is  directly  proportional  to  the  increment  in  the  value  of  p. 
These  curves  are  independent  of  the  material  of  the  wire. 

The  inclined  atraii^t  lines  have  the  equation  y  —  ^-rz — ^  7*.    For  a 

given  material  the  equation  of  these  tines  depends  only  on  the  length  of  the 
span.  The  lines  on  the  charts  are  drawn  for  copper  wire  for  which  m  ■- 
0.321  and  M  —  12  X  10*.  The  corresponding  length  of  span  is  indicated 
on  the  ri|^t-hand  margin  of  the  charts.  For  any  other  material,  the  line 
for  a  given  length  of  spcui  will  have  a  different  slope. 

The  temperature  scale  on  the  X  axis  to  the  right  of  the  origin  is  laid  off 
■o  that  X  •-  Ma  t.  The  soale  given  on  the  chart  is  for  copper,  for  which 
Af  -  12  X  10*  and  a  -  9.0  X  10~*.  This  scale  wiU  be  different  for  any 
other  material. 

Tlieparabolic  curves  on  the  left  of  the  chart  have  the  equation  D  «•  0.0015 

m  P  ViT  where  D  is  measured  off  from  the  left  of  the  origin.  For  a  given 
material  these  curves  are  fixed  by  the  length  of  the  span.  The  curves 
given  on  the  chart  are  for  copper,  for  which  m  ■*■  0.321.  The  correspond^ 
mg  lengths  of  span  are  indicated  on  the  curves.  These  curves  wiU  be 
durarent  for  any  other  material. 

Ii«I«e  f«r  tlie  lTa«  •f  tUm  Charts. 

Given:  A  span  of  length  I  and  the  points  of  support  on  the  same  level, 
tension  Tt;  ratio  of  resultant  force  to  weight  of  wire^  pi;  to  find  the  tension 
T  when  the  temperature  rises  t  degrees  and  the  ratio  of  resultent  force  to 
weight  of  wire  dumoes  top  (for  example,  sleet  melts  off). 

At  the  point  1  (Fig.  27)  on  the  curve  corresponding  to  pi  and  having 
the  abscissa  7*i,  lay  off  12  —  the  ordinate  of  the  point  3  on  the  line  corre- 
sponding to  I  having  the  abeoiasa  t  on  the  temi>erature  scale. 

*  These  charts  were  devised  to  obtain  a  graphical  solution  of  the  equa- 
tions deduced  by  the  author  in  an  article  in  the  Electrical  World  for  Jan. 
12,  1007.  Vol.  49,  p.  99.  The  present  article  also  appeared  in  the  Bltelrieal 
WoHd  for  Sept.  28,  1907. 
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Thxou^  2  draw  a  line  parallel  to  the  line  I :  the  abscissa  of  the  point  4 
where  this  line  outs  the  ourve  corresponding  to  p  is  the  tension  T  at  the 
temperature  t  when  the  ratio  of  resultant  force  to  weight  of  wire  is  p.  The 
abscissa  of  the  point  5  where  the  horiaontal  line  through  4  cute  the  i)ara- 
bolic  curve  corresponding  to  /  gives  the  corresponding  deflection  D  at  the 
omter  of  the  span  in  feet.  Instead  of  actually  drawing  the  straight  line 
24,  a  pair  of  compasses  may  be  used;  i.e.,  lay  off  the  distance  12,  then  oi>en 
the  compasses  until  the  lower  point  touches  the  straii^t  line  li  then  keep- 
ing the  compasses  vertical,  slide  the  lower  point  along  I  until  the  upper 
point  intersects  the  curve  corresponding  to  p.  If  <  is  negative,  ».«.,  if  the 
temperature  decreases,  lay  off  12  in  the  opposite  direction.  To  determine 
D  with  greater  accuracy  use  the  formula 

D  -  .0015  mP^* 


Fig.  25. 

Calcal«itl«M  of  p. 

Let  w  —  wei^t  of  wire  in  pounds  per  foot. 

The  weii^t  of  sleet  (and  hemp  core,  if  any)  in  pounds  per  foot  of  wire  is 

Wt  -  0.314  (di*  -  <P)  +  0.25  do*. 

where  d  is  the  diameter  of  the  wire,  di  the  diameter  over  sleet  and  do  the 
diameter  of  the  core,  all  in  inches. 
The  wind  pressure  in  pounds  per  foot  of  wire  is  * 

wa- 0.00021  V»d,, 

iHiere  V  is  the  actual  wind  velocity  in  miles  per  hour;  di  »  d  in  case  of  no 
sleet.  The  relation  between  indicated  wind  velocity  (as  given  by  U.  8. 
Weather  Reports)  and  actual  velocity  is  as  follows: 


( 


lodioated  Velocity. 

Actual  Velocity. 

0.00021  r». 

10 

9.6 

0.0194 

20 

17.8 

0.0667 

30 

25.7 

0.139 

40 

33.3 

0.233 

50 

40.8 

0.360 

60 

48.0 

0.485 

70 

55.2 

0.640 

80 

62.2 

0.812 

90 

69.2 

1.01 

100 

76.2 

1.29 

The  ratio  p  is  then 

P 

-/(■ 

+ 

^h(^)- 

*  U.  W.  Buck  in  Transactions  International  Electrical  (Congress,  1904. 
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CalcalattoM  of  ITertlcal 

In  oase  of  no  wind  the  vertical  sag  8  is  the  same  as  the  deflection  D. 
The  wind  pressure  gives  a  horiiontal  component  to  the  resultant  force  so 
that  the  vertical  sag  when  wind  u  blowing  is, 


JS- 


\/^  -  (^y 


BzampU:  A  No.  00  stranded  copper  cable  is  to  be  strung  in  sUU  air 
at  70^  F.  between  two  points  on  the  same  level  800  feet  apart,  so  that  at  a 
temperature  of  sero  degrees  Fahrenheit,  with  a  coating  of  sleet  0.41  mch  thick 
all  around  and  wind  blowing  perpendicularly  to  the  cable  at  09 US  miles  an 
hour  (actual  velocitv)  the  tension  in  the  cable  will  be  30,000  lbs.  per  sq. 
in.;  (1)  at  what  tension  must  the  cable  be  strung  and  (2)  what  will  oe  the 
vertical  sag  at  stringing  temperature,  t.0.,  70^  also  (3)  what  will  be  the  sag 
at  sero  temperature  when  the  cable  is  coated  with  i-in.  of  sleet  and  wind 
is  blowing  with  a  velocity  of  05  milei  an  hour,  and  (4)  what  will  be  the  sag 
ftt  the  temperature  of  ISO**,  in  the  still  airT 

We  have 

tr—  0.406 


to> -0.314  (1.238S-0.418S) -0.425 


t09-. 00021 +69. 5>  +  l.  238-1. 2ft. 
Therafora,  at  aero  degrees  with  wind  and  sleet. 


-v^(-§:D'-G^y-3». 


(1)  Measure  off  with  compasses,  on  chart  No.  1,  the  vertical  distance 
from  I  —  70  on  JT  axis  to  the  straight  line  corresponding  to  2  —  800.  Lay 
this  distance  off  vertically  above  we  point  on  the  curve  corresponding  to 
>  —  3.72  having  the  abscissa  7*  —  30.  Keep  the  uppwpoint  fixed,  open  the 
compasses  until  the  lower  point  touches  the  line  I  —  800;  then,  keeping  the 
compMses  vertical,  slide  the  lower  point  along  the  line  I  —  800  until  the  upper 
point  intersects  the  curve  p  —  1  at  7*  —  8.95:  the  cable  must  therefore  be 
strung  at  a  tension  of  8950  lbs.  per  sq.  in.  (2)  The  abscissa  of  the  point 
on  the  parabolic  curve  I  —  800,  having  the  same  ordinate  as  the  point 
eorresponding  to  p  —  1  and  T  —  8.95  is  D  —  34.4  feet,  which  is  the  vertical 
sag  /S,  in  still  air  at  70^  F. 

(3)  The  deflection  at  aero  degrees  with  sleet  and  wind  is  the  abscissa 
of  the  point  on  the  parabolic  curve  I  —  800  having  the  aame  ordinate  as 
thepoint  corresponding  to  po  —  8.72 aad  To  —  30,  i.e..  Do  —  88.2 feet. 

'rhe  vertical  sag  is 

8 .     ^^'^  -  21.0feet. 


v/-(^' 


C4)  To  find  the  sag  at  150**  proceed  as  under  (1)  and  (2)  taking  f  —  180. 
The  sag  will  be  founcT  to  be  5  —  36.8  feet. 
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The  charts  also  apply  direetly  to  the  determination  of  the  change  in 
tension  in  apane  when  the  points  of  support  are  at  different  heights.  In 
this  case,  however,  the  vertical  sag  St  (  —  deflection  in  case  of  no  wind) 
below  the  highest  point  of  support  is  given  by  the  formula 


*-^(i  +  i^' 


where  h  is  the  difference  in  height  of  the  two  points  of  support,  and  8  is  the 
vertical  sag  for  a  span  d  etual  length,  but  points  of  support  on  the  mMnu 
level:  S  is  calculated  by  the  formula  given  above,  i.e.» 


fl- 


V''  -  (^^^' 


D  bdnc  the  deflection,  taken  directly  from  the  chart,  for  a  span  of  equal 
loncth  out  points  of  support  on  the  same  level;  in  case  of  no  wind  S  **  D. 
The  distance  of  the  point  d  maximum  sag  from  the  hii^est  point  of  support 


2V  ^  48/ 


When  h  is  greater  than  4  8  the  lowest  point  of  support  is  the  point  of  max- 
imum sag,  %^.,  the  lowest  point  in  the  span. 

Sxampie:  In  the  example  niven  above,  suppose  the  difference  in  height 
of  the  points  of  sui^port  is  20  feet :  Then  (1)  the  tension  at  70°  will  still  be 
8050  lbs.  per  sq.  m.  (2)  The  corresponding  vertical  sag  at  70°  in  still 
air  for  points  of  support  at  same  level  is  34.4  ft.,  therefore,  for  the  span 
under  conaidention  the  vertical  sag  from  the  highest  point  of  support  is 


"•*  (i  +  fifkr)'- «•"'• 


(3)  The  vertical  sag  at  sero  degrees  with  sleet  and  wind  for  points  of 
support  on  the  same  level  is  21  ft. ;  therefore,  for  a  20-f t.  difference  in  the 
hei^t  of  points  of  support  the  vertical  sag  from  the  highest  point  of  sup- 
port ifl 


2>  ('  +  ifsi)'-  32.1  "• 


(4)  The  vertical  sag  at  a  temperature  of  150°,  for  points  of  support  on 
the  same  level  is  36.8  ft.;  therefore,  for  a  20-ft.  difference  in  height  of  the 
points  of  support  the  vertical  sag  from  the  highest  point  of  support  is 


»"-«0  +  ?irk8  )'-«•»"• 


The  aeeompanying  table,  giving  the  value  of  T  and  p  for  various  values 
of  y  —  r=;J  will  be  found  useful  in  plotting  thehyi>erbolic  curves  in  case  one 
to  make  charts  on  a  larger  scale  than  those  given  herein,  or  similar 


diarta  for  wires  having  different  constants.    The  other  lines  are  readily 
plotted  from  the  equations  given  above. 
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DeflecttOMt  iM  Feet  of  Atnuided  AlamlMi 

AtUl  Air. 

H.  W.  Buck. 


W^lre  iM 


Wlie  tlmoc  so  ttuit  the  nuudmiim  tcoiloii  at  mlnlmim  tamperaliire  of 
fp  r  with  wind  blowing  At  fl5inllM  par  hoiir(aotiialT«k>olty)wmb«  14,1^ 
UM.  ptr  tqnare  Inoh. 


Span  in 
Feet. 

Area 

of  Wire 

inCir. 

Mils. 

Degrees  Fahrenheit  Kiae  above  Minimum  Temperature. 

0*» 

20** 

40" 

eo** 

80" 

1.07 
1.13 
1.30 

100** 

120*» 

140* 

160« 

200 

663.160 
265.400 
132.300 

.42 
.46 
.46 

.61 
.62 
.65 

.66 
.66 
.60 

.83 
.86 
.92 

1.67 
1.65 
1.82 

2.20 
2.27 
2.46 

2.76 
2.80 
2.96 

2.97 
3.03 
3.10 

400 

663.160 
266.400 
132,300 

1.80 
1.96 
2.20 

2.20 
2.42 
2.76 

2.70 
2.90 
3.40 

3.36 
3.70 
4.20 

4.16 
4.60 
6.10 

5.06 
6.46 
6.00 

6.00 
6.40 
7.00 

6.90 
7.36 
7.86 

7.20 
7.78 
8.60 

600 

663,150 
266,400 
132,300 

4.3 
6.1 
6.2 

6.1 
6.1 
7.2 

6.0 
7.1 
8.4 

7.0 
8.2 
9.7 

8.2 

9.6 

11.0 

9.6 
10.8 
12.2 

10.8 
12.0 
13.8 

11.9 
18.1 
14.4 

12.5 
13.6 
16.7 

800 

663.160 
266,400 
132.300 

8.4 
10.3 
14.0 

9.6 

11.7 
16.4 

10.8 
13.2 
16.9 

12.3 
14.7 
18.3 

13.8 
16.4 
19.6 

16.4 
17.7 
20.0 

16.9 
19.1 
22.2 

18.3 
20:4 
23.4 

19.0 
21.6 
25.5 

1000 

663.160 
266.400 
132,300 

13.9 
18.6 
26.0 

16.6 
20.3 
27.6 

17.3 
22.0 
29.0 

19.1 
23.8 
30.6 

20.8 
26.6 
31.8 

22.6 
27.1 
33.1 

24.2 
28.6 
34.4 

25.9 
30.0 
35.8 

26.7 
31.6 
37.5 

Im  Imclft^ 


AtlU  Air. 


H.  W.  Buck. 

Wire  ■tnmg  ao  that  the  maximum  teniiion  at  minimum  temperature  of 
0^  r  with  wind  blowing  at  65  mllea  per  hour  (actual  relooltf)  will  be  14,000 
Iba.  par  aquare  inch. 

Odoulationa  made  for  No.  2  B.  and  8.  stranded  conductor,  but  it  is  safe 
to  follow  this  table  for  all  sizes  of  cable,  for  the  larger  sises  will  have 
■Ughtly  smaller  deflections  without  exceeding  their  elastic  limit  on  account 
of  their  greater  relative  strength. 


Degrees 

Fahren- 

Length of  Span  in  Feet 

k 

heit  Rise 

above 

Minimum 

200 

180 

160      . 

140 

120 

100 

Temp. 

0 

6.3 

6.3 

4.2 

3.1 

2.2 

1.7 

10 

7.0 

6.7 

4.6 

3.4 

2.4 

1.8 

20 

7.8 

6.4 

6.1 

3.8 

2.8 

1.9 

30 

8.8 

7.3 

6.8 

4.6 

3.2 

2.2 

40 

10.2 

8.4 

6.7 

6.2 

3.8 

2.7 

60 

12.0 

9.8 

7.8 

6.4 

4.6 

3.3 

60 

14.0 

11.6 

9.4 

7.6 

6.6 

4.0 

70 

16.5 

14.0 

11.5 

9.2 

7.0 

6.2 

80 

19.8 

17.0 

14.3 

11.4 

8.9 

6.8 

90 

23.1 

20.0 

16.8 

13.8 

10.3 

8.8 

100 

26.6 

23.3 

20.0 

16.6 

13.1 

10.8 

110 

29.8 

26.6 

23.0 

19.6 

16.5 

13.1 

120 

33.6 

29.8 

25.8 

22.2 

18.7 

16.2 

130 

36.8 

32.8 

28.7 

24.6 

20.8 

17.2 

140 

40.0 

36.8 

31.6 

26.8 

22.8 

18.8 

160 

43.0 

38.4 

33.6 

29.1 

24.8 

20.3 

^ 
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▲ppr*KiBMit«  Vala«i  of  Avcctflc  Mndactlve  Ciftpaclij  •f 

Vail««i  iHelectrlca. 

NoD-eoiiduotixig  materials  or  inaulaton  mn  ealled  dleleotrici.     Ttia  di— 
■leotrie  eonstant  or  Bpecifio  induetive  OMMudty  of  a  di«leotrio  Is  the  imtio 
of  the  capacity  of  a  condenser  having  the  space  between  its  plates  filled 
with  this  substance  to  the  capacity  of  the  same  condenser  with  this  space 
filled  with  air. 

All  gases  and  vacuum 1 .00 

Glass 8to8 

Treated  paper  used  in  manufacture  of  power  cables  2  to  4 

Porcelain 4.4 

Ebonite 2.5 

Gutta-percha 2.5 

Pure  I^ra  Rubber 2.2 

Vulcanised  Rubber 2.5 

Paraffin 2.3 

Rosin 1.8 

Pitch • 1.8 

Wax 1.6 

Mica 6 

Water 80 

Turpentine  oil 2.2 

Petroleum 2 

•peciAc  B«alfl«aBce  of  IHel«c«rlca  mt  wOtmnt  MT^  C. 

Tliese  are  approximate  values;  the  resistance  of  dielectrics  varies  greatly 
with  their  punty  and  method  of  preparation. 


i 


Haterial. 


Bensine 

Ebonite 

Glass,  flint 

Glass,  ordinary 

Gutta-percha 

Jucanxte 

Micanite  doth 

llicanite  paper 

CHI  asbestos 

Olive  oil 

Oaokerite  (crude) 

Paper,  parchment 

Paper,  ordinary 

Treated  paper  used  in  manufacture  of  power 

cables 

ParaflSn 

Paiaflin  oil 

«h*ii«M^ 

Vulcanised  fiber,  black 

Vulcanised  fiber,  red 

Vulcanised  fiber.'  white 

Wood,  ordinary 

Wood,  paraffined 

Wood,  tar 

Wood,  walnut 


Resistance  in 

Millions  of 
Megohms  per 
Cubio  Centi- 
meter. 


14 

28,000 

20.000 

00 

460 

80 

2,500 

300 

1.200 

850 

1 

450 

0 


03 


0.05 

10  to  20 

24,000 

8 

0.000 

68 

10 

14 

600 

3,700 

1,700 

50 


Resistance 

in  Millions 

of  Meg- 

ohmsper 

Cubic  Inch. 


5.22 

11,000 

8.000 

86 

180 

80 

000 

120 

500 

315 

0.4 
180 
0.01 
0.02 

4to8 

13.000 

3 

3.500 

27 

4 

6 

260 

1.500 

670 

20 
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ir«ria«i«»M  •f  MMiiilaace  wlOi 


The  Tariations  in  resistance  of  dielectrics  with  temperature  is  much  more 
rapid  than  in  the  ease  of  metals.  The  variation  can  be  expressed  by  an 
ezponaatial  equation. 

'  R^  ■"  itga . 

Where     Ro  -•  resistance  at  standard  temperature. 

fi|  -•  resistance  at  temperatiire  differing  t  degrees  from  standard 
temperature. 
i  -•  temperature. 
a  »  constant  depending  on  the  material. 

For  gutta-percha,  f  in  **  C a  —  0.88 

For  pure  rubber,  f  in  **  0 a  —  0.95 

For  other  substances,  the  processes  of  manufacture  vary  too  widely  to 
permit  the  establishment  of  temperature  coefficients. 


IMeleetrtc  ^trmmtptik  of  iMsmlatlMir  THHLmMmrtmlm, 

C.  KlNSBBUNNBR. 

Let       V  «■  Voltage  retiuired  to  punoture  a  given  thiclmww  of  material. 

V  "-  Volts  required  to  puncture  a  sheet  of  material  .001  inch  thick. 
I  "-  Thickness  of  the  material  in  thousandths  of  an  inch. 

For  all  the  materials  given  in  table  below,  except  pure  para, 

For  pure  para, 

F-el. 

For  an  the  materials  given  below,  exoept  ordinary  paper  and  impn^- 
nated  paper,  tiie  puncturing  voltage  is  the  same  for  a  solid  sheet  of  material 
as  for  a  sheet  bmlt  up  of  thin  lajrers.  In  the  case  of  ordinary  paper  and 
impregnated  paper  the  puncturing  voltage  is  proportional  to  the  number 

of  layers;    i.e.,  V  —  nif^^tft  where  n  is  the  number  of  layers  and  f  the 
thiolmeos  of  eaioh  layer. 

PunetvHnif  VoUagf  for  Sheet  .001  in,  thick  (v.) 

Presspahn 117 

Manila  paper 56 

Ordinary  paper 37 

Fiber      67 

Varnished  paper 267 

Red  Rope  paper 239 

Impregnated  paper 107 

Varnished  linen 256 

Empire  cloth 201 

Leatheroid 73 

Ebonite 682 

Rubber 502 

Gutta-percha 454 

Phra 370 
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The  values  in  the  preoeding  table  are  for  tests  made  under  the  follow* 
ing  oonditioDB: 

1.  ESectrodes,  flat  disks  with  round  edges  1.5  inches  in  diameter. 

2.  Pressure  on  electrodes  0.5  pounds  per  square  inch. 

3.  Voltage  curve  sinusoidal. 

4.  Frequency  of  the  alternating  current  between  20  and  75  cycles  per 

second. 
6.  Temperature  17^  C,  humidity  of  the  air  about  70  per  cent, 
d.  Ftessure  ^>plied  for  15  minutes. 


Pure  rubber  is  a  liquid  gum  having  a  specific  gravity  of  .915.  The 
rubber  of  commerce  is  obtained  by  coagulating  this  gvan.  by  varipus  means, 
the  most  approved  method  being  by  the  hot  vapor  rising  from  a  smudge 
made  from  oily  nuts.  Rubbers  prepared  in  this  way  are  called  "Para" 
rubbers;  Para  is  the  name  of  a  province  of  Brasil  which  supplies  a  large 
quantity  of  this  idnd  of  rubber.  Vulcanised  rubber  is  a  mixture  of  this 
coagulated  gum,  thoroughly  cleaned  and  dried,  with  sulphur.  Pure  rubber 
deteriorates  rapidly,  whereas  vulcanised  rubber  is  compkaratively  stable, 
and  at  the  same  time  retains  the  properties  which  make  it  vaJuable  as  an 
insulating  material.  The  amount  of  sulphur  present  varies  from  five 
to  twenty  per  cent  of  the  entire  mass,  the  amount  determining  the  hardness 
of  the  product.  Rubber  with  a  large  admixture  of  sulphur  is  called  vari- 
ouslv  ^hard  rubber."  "vxilcanite"  or  "ebonite."  Vuloaniied  rubber  is 
used  largely  for  insulating  cables  of  all  kinds. 


•peciflcatloBii  for  30%  ]iiil»ber  Ina«latliic  Conspowsd. 

Adopted  1906,  by  the  following  wire  manufacturers: 

American  Steel  A  Wire  Co.  Indiana  Rubber  &  Ins.  Wire  Co. 

American  Electrical  Works.  National  India  Rubber  Co. 

Bishop  Gutta  Percha  Co.  New  York  Ins.  Wire  Co. 

Canadian  Gen.  Electric  Co.  John  A.  Roebling's  Sons  Co. 

Crescent  Ins.  Wire  &  Cable  Co.  Safety  Ins.  Wire  &  Cable  Co. 

General  Electric  Co.  Simplex  Electrical  Co. 

Hasard  M£e.  Co.  Standard  Underground  Cable  Co. 
India  Rubber  A  Gutta  Percha  Ins.  Co. 

The  compound  shall  contain  not  less  than  80%  by  weight  of  fine  dry 
Para  rubber  which  has  not  previously  been  used  in  rubber  compounds. 
The  composition  of  the  remaining  70%  shall  be  left  to  the  discretion  of  the 
manufacturer. 

CMensical. — The  vulcanized  rubber  compound  shall  contain  not  more 
than  6%  by  wdght  of '  Acetone  Extract.  For  tbis  determination,  the 
Acetone  extraction  shall  be  carried  on  for  five  hours  in  a  Soxhlet  extractor, 
as  improved  by  Dr.  C,  O.  Weber. 

Mecliaafcsili — The  rubber  insulation  shall  be  homogeneous  in  char- 
acter, shall  be  placed  concentrically  about  the  conductor,  and  shall  have  a 
tensile  strength  of  not  less  than  800  pounds  per  square  inch. 

A  sample  of  vulcanised  rubber  oompouna,  not  less  than  four  inches  in 
length  shall  be  cut  from  the  wire,  with  a  sharp  knife  held  tangent  to  the 
copper.  Marks  should  be  placed  on  the  sample  two  inches  apart.  The 
sample  shall  be  stretched  until  the  marks  are  six  inches  apart  and  then 
immediatdv  released;  one  minute  after  such  release,  the  marks  shall  not  be 
over  2i  inches  apart.  The  samples  shall  then  be  stretched  until  the  marks 
are  9  inches  apart  before  breaking. 

For  the  purpose  of  these  tests,  care  must  be  used  in  cutting  to  obtain  a 
proper  sample,  and  the  manufacturer  shall  not  be  responsible  for  resvilts 
obtained^  from  samples  imperfectly  out. 

■lectrfcal. — iQach  and  every  length  of  conductor  shall  comply  with 
the  requirements  given  in  the  following  table.  The  tests  shall  be  inade  at 
the  Works  of  the  Manufacturer  when  the  conductor  is  covered  with  vulcan- 
ised rubber,  and  before  the  application  of  other  coverings  than  tape  or  braid. 
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Testa  shall  be  made  after  at  least  twelve  hours'  submersion  in  water  and 
while  still  immersed.  The  voltace  specified  shall  be  wplied  for  five  minutes. 
The  insulation  test  shall  follow  the  voltage  test,  shall  be  made  with  a  battery 
of  not  less  than  100  nor  more  than  500  volts,  and  the  reading  shall  be  taken 
after  one  minute's  electrification.  Where  tests  for  aoceptanoe  are  made  by 
the  purchaser  on  his  own  premises,  such  tests  shall  be  made  within  ten  days 
of  receipt  of  wire  of  cable  oy  purchaser. 

iB^pectteB. — The  purchaser  ma  v  send  to  the  works  of  the  manufacturer 
a  representative,  who  snail  be  afforded  all  necessary  facilities  to  make  the 
above  specified  electrical  and  mechanical  tests,  and,  also,  to  assure  himself 
that  the  30%  of  rubber  above  specified  is  actually  put  into  the  compound, 
but  he  shall  not  beprivileged  to  inquire  what  ingreaients  are  used  to  make 
up  the  remaining  70%  of  the  compound. 


0  KvMber  CompovMd  Voltec«  Teat  for  ft  HIavtea. 

Fob  30  Morums  Tbst,  Taxm  80%  or  Tbub  FiouREa. 

I. 


Sise. 

Thickness  of  Insulation  ii 

i  Inches. 

A 

A 

A 

A 

A 

A 

1.000,000  to  550,000   . 

4.000 

6,000 

8.000 

10.000 

11.000 

6.000 

500.000  to  250,000    . 

4.000 
6,000 
8.000 
0.000 

8,000 

4/0  to  1 

Zto7 

8  to  14 

3,666 

6.000 

4.000 
6,000 
7.000 

10.000 
12.000 
13,000 

11. 


Siae. 

Thickness  of  Insulation  in  Inches. 

A 

A 

A 

A 

A 

ii 

1,000.000  to  550,000   . 
500.000  to  250.000   . 

4/0  to  1 

2to7 

8  to  14 

10.000 
12.000 
14,000 
16,000 
17,000 

14,000 
16,000 
18,000 
20,000 
21,000 

18.000 
20  000 
22,000 
24.000 
25.000 

22.000 
24.000 
26  000 
28.000 

26,000 
28,000 
30,000 
32.000 

30.000 
32.000 
34.000 
36000 
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A 

A 

.^ 

^i 

A 

A 

A 

A 

h 

Itooooor-M. 

~ 

310 

336 

36E 

300 

30 

316 

360 

800000  cilL 

370 

430 

700000  CM. 

900000  C  M. 

385 

540 

£00000  c.u. 

406 

eoo 

400000  0.^ 

4fiO 

670 

-13» 

470 

606 

a&oocouM. 

600 

640 

5;!ii4 

060 

750 

810 

450 

490 

635 

680 

07fi 

770 

SBO 

^oaini. 

MS 

690 

000 

SBO 

l/OBt«L 

IH 

eo 

rsoB 

B30 

086 

700 

sso 

1060 

a  Soli 

rflO 

5M 

Sit 

880 

7E0 

BOO 

1160 

SBdU 

M 

OSS 

4  Soli 

w 

mo 

6  Sol 

B55 

TOO 

870 

040 

1180 

» 

B«l 

T« 

S40 

020 

100 

1230 

id 

ID 

BOO 

BBS 

$U 

240 

1370 

50 

so 

Hl> 

lOBoli 

90 

IIiO* 

1120 

1300 

380 

1610 

lasou. 

50 

9li0 

\'^ 

12S0 

1170 

540 

1680 

7M 

I4So!u 

no 

rao^ 

106O 

1340 

1470 

040 

1780 

s«a 

1^ 


.  the  ooDMnutiaQ  of  tbs  ianilatad  « 

. «iB*Hy,  0.9603  to  O.BBI. 

'dldkt  p«  cobie  foot,  00.66  to  01.33  pounc 
'^t  PS  imbiB  inob.  0.660  to  0.507  oi. 
*• —  U  lis  dwren  F. 

--KBtiaOdotTMaF. 


OKidJjwaJ  beoomai  brittle,  abrinluaiul  moks  whm  exposed  to  the  air, 
eqMully  at  t«mp«ratwei  beiweeo  70  Bud  SO  desreea  F. 
Oxldatkio  b  ha«tned  by  aipoiun  to  Uvit. 
rt_:j-.s_j  ju^  Ijj  detajiid  by  eovoiiu  the  pitt»-per»h«  InsulstioD  with  ■ 

hu  Bmo  •Oftkcd  In  prepand  BtocUwIiD  far. 

bare  cuttftKio'iha  ia  kept  contioually  u— ' •—  '•— 

detirforrtMi;  Biul  tt "-  -^- 


l5b«ro 


ud  ptHa-psrsha.  r 

k  itnio  of  IJJOO  nnmiii  per 
1lw  breaUns  nniii  ii  Bt 
The  tanaeity  o(fi 


cabin,  will  itaud 


inch  before  any  elongation, 
nut  a.DuO  pounds  per  iiquan  inch, 
rtha  ia  increaned  by  irtietching  it. 
-  ~ ""  MMliiir  riraanrr  — Ther«d«tano« 

n  according  to  the  following  formulA. 

ire  of  the  atmoephere,  and  r  the  tttir- 

-R  (I +0.00033  p). 
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Let    '  D  —  diameter  in  mils  of  over  gutta-pereha  i"f"lfttion. 
d  »•  diameter  of  cable  core. 
W  ■■  weight  in  pounds  of  gutta-percha  per  knot. 
IP  -■  weight  in  pounds  of  copper. 


Then  for  8oUd  CeMe 


For  Stranded  CabU: 


D  -  V55  w  H-  491  JT. 


s-v 


1  +  8.93  -  • 
to 


D  -  ^70Aio-{-49iW 


?-v 


w 
I  +  6.97  -  • 
w 


AppntximaU  ElectroatoHc  Capacity  of  a  gutta-percha  cable  per  knot  is 


0.19 


log  D  —  log  d 


microfarads. 


The  eUdroatatie  capacity  of  a  ^tta-percha  insulated  cable  compared  with 
one  of  the  same  sise  insulated  with  inaia  rubber  is  about  as  120  is  to  100- 


]>iTidinr  €?•• 

ice  of  C^M 


lis   for  CorrectlBC  tli«    obaerred    1 

itte-Percksft  at  aaj  Vemporatiirf)  to  Vft<^  F. 


K.   WlNMBRTS 1907. 


Degree  F. 

Coefficient. 

Degree  F. 

Coefficient. 

Degree  F. 

Coefficient. 

95 

0.1415 

74 

1.089 

53 

6.015 

94 

0.1561 

73 

1.187 

52 

6.873 

93 

0.1721 

72 

1.293 

51 

6.722 

92 

0.1898 

71 

1.409 

50 

7.057 

91 

0.2105 

70 

1.635 

49 

7.377 

90 

0.2332 

U 

1.672 

48 

7.670 

89 

0.2674 

1.821 

47 

7.943 

88 

0.2836 

67 

1.984 

46 

8.178 

87 

0.3125 

66 

2.161 

45 

8.383 

86 

0.3442 

65 

2.353 

44 

8.499 

86 

0.3833 

64 

2.562 

43 

8.585 

84 

0.4304 

63 

2.700 

42 

8.637 

83 

0.4801 

62 

3.035 

41 

8.678 

82 

0.5251 

61 

3.302 

40 

8.719 

81 

0.5848 

60 

3.588 

39 

8.757 

80 

0.6458 

59 

3.896 

38 

8.796 

79 

0.7066 

58 

4.223 

87 

8.834 

78 

0.7707 

57 

4.564 

36 

8.880 

77 

0.8406 

56 

4.019 

35 

8.932 

76 

0.9168 

55 

5.282 

34 

8.990 

76 

1.0000 

54 

5.650 

33 

9.053 
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IMelectrf c  fttreaifftli  of  Air. 

The  voltage  required  to  break  down  the  air  between  two  terminals  de- 
pends on  the  shape  of  the  terminals,  the  distance  between  the  terminals, 
and  the  constants  of  the  circuit  in  series  with  the  terminab. 

The  followins  curves,  published  by  Mr.  S.  M.  Eintner  in  the  proceedings 
of  the  American  Institute  of  Electrical  BIngineers,  give  the  voltage  re- 
quired to  break  down  air  gaps  of  various  lengths  under  various  conditions. 
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Fio.  29. 


With  rogard  to  the  use  of  a  spark  gap  for  measuring  high  voltages.  Mr. 
Kintner  nuJEes  the  following  recommendations: 

"For  the  measurement  of  sudden  prsesuie  variations,  such  as  those  pro- 
duced on  transmission  lines  by  lightning,  switching,  c^ounds,  short  cir- 
cuits, etc.,  where  the  use  of  on  oscillograph  or  similar  oevice  is  not  feasible, 
the  sparic-gap  method  is  very  useful.  It  is,  in  fact,  the  onlv  method  bv 
which  any  satisfactory  quantitative  results  can  be  obtained  under  sudi 
eonditions. 

"When  using  a  gap  the  writw  prefers  'round  nose'  Qiftmispherical 
shielded  terminals);  ^ghtly  ooncave  shields  placed  back  of  and  coaxial  with 
the  terminals)  I  the  gap  shomd  be  standardised  over  the  range  for  which  it 
is  to  be  used  lust  prior  to  taking  measurements,  and  under  as  nearly  the 
same  surrounajngs,  connections,  etc..  as  possible.  This  preference  is  based 
on  the  convenience  of  operation  ana  greater  freedom  from  erratic  behavior 
of  this  form  of  gap. 

"The  spark  gap,  although  apparently  a  verjr  simple  deviee,  requires  an 
expert  operator  to  get  results  that  are  at  all  satisfaotory." 
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Tnnsa  OIL 


Thickness  of 

Average  Puno- 

Thiokneesof 

Average  Punc- 
turing Voltage. 

Mios. 

turins  Voltage. 

Mioa. 

.001' 

8,800 

.006* 

6.700 

.0015' 

4.500 

.0065' 

6.930 

.002* 

4.600 

.007' 

7,220 

.0026' 

4,760 

.0075' 

7.400 

.003' 

5.300 

.008' 

7,700 

.004' 

5,570 

.0085' 

8.550 

.00475' 

5.950 

.01' 

8,900 

.006' 

6.050 

•pcciflc  ThenMal  Caadvctivlty  of  IMeloctiice. 

Watts  Through  Iiiob  Ouaa.  Tempsratttrb  Gradient  1**  C. 


Name  of  Substance. 

Specific 
Conduc- 
tivity. 

Name  of  Substance. 

Specific 
Conduc- 
tivity. 

Air 

.0006 

.00105 

.00093 

.00093 

.00089 

.00046 

.00131 

.00140 

.00121 

Vulcanised  Rubber   .   . 

Beeswax 

Feit 

Gia^.    .   ; 

Wood 

Caoutchouc 

Gutta-percha    .... 
Sandy  Loam     .... 
Bricks  and  Cement 
India  Rubber   .... 
Sand  with  Air  Spaces 

.0058 

.032 

.0044 

Vulcanite 

Cotton  Wool 

Sawdust 

Sand 

Paraffin 

.0051 

.085 

.082 

.0043 

.96 

DDBLECTRIGS. 
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Thft  Ion  of  eoBTgy  in  a  high  tension  transmission  line  due  to  the  brush 
disohaiiBe  from  the  wires  depends  on  tha  eleotrio  pressure,  the  siae  of  the 
MHidufltors  and  the  atmospherio  tempenture  and  barometrie  pressure. 
For  any  given  stse  of  conductor  a  certain  critical  eleotrio  pressure  exists  for 
which  there  is  a  sudden  rise  in  the  curve  of  *'1obs  between  wires."  Con- 
duetors  should  never  be  used  in  practice  so  small  that  the  operating  pres- 
sure is  greater  than  this  critical  pressure.  Mr.  H.  J.  Ryan  has  deduced 
the  following  tablsL  giving  the  minimum  sise  of  conductor  which  should  be 
used  for  iwessmes  mkn.  50,000  to  360,000  volts  for  a  distance  between  con- 
ductors of  48  i 


Operating  Pressure; 

QOpercenlofCdtical 

Kffective  Volts. 

Minimum  Diameter 

of  Conductor  in 

Inches. 

• 

60,000 

0.058 

75,000 

0.106 

100.000 

0.192 

1^.000 

0.430 

200.000 

0.710 

260.000 

0.000 

The  equation  showing  the  relation  between  the  maximum  value  of  the 
pressure  wave,  the  atmospheric  temperature  and  barometric  pressure,  the 
distance  between  the  Una  conductors  and  the  radius  of  the  conductors 
for  oondootors  larger  than  No.  4  B.  and  8.  gauge  is  as  follows: 


I 


B-m 


17.040 


459 


^    X  850.000  logio  (^  (r  +  .07) 


where 


B  -■  eritical  preasure  at  which  the  sudden  increase  in  the 

brush  discharge  takes  place, 
r  «  radius  of  conductors  in  inches. 
•  >■  distance  between  conductors  from  center  to  center  in 

inches. 
(  i*  atmospheric  temperature  in  degrees  Fahrenheit. 
6  •«  barometric  pressure  in  inches  of  mercury. 


PROPBBTIBS  OP  CONDUCTORS  CABBYINQ 
ALTBBNATING  CURRENTS. 

BsYissD  BT  Habold  Pbndbb,  Fa  J). 

Besides  the  ohmio  resistance  of  a  wire,  the  foUowizig  phenomena  affect 
the  flow  of  an  alternating  current: 

Shin  effeott  a  retardation  of  the  current  due  to  the  property  of  alter- 
nating currents  apparently  flowiiu;  alone  the  outer  surface  or  shell  of  the 
conductor,  thus  not  makiny  use  ofthe  fuU  area. 

InducHve s/fecto,  (a)  9eU%ndvction  of  the  current  due  to  its  alternations, 
inducing  a  counter  E.M.F.  in  the  conductor;  and  (6)  mtUtuU  indttdanee,  or 
the  effect  of  other  alternating  current  circuits. 

Capacity  effeeU,  dile  to  the  fact  that  all  lines  ch'  conductors  act  as  eleo- 
trical  condensers,  which  are  alternately  charged  and  discharged  with  the 
fluctuations  of  the  E.M.F. 


The  effeeHve  renatanee  of  a  drcuit  to  an  alternating  current  depends 
on  the  shape  of  the  circuit,  the  specific  resistance,  permeability,  cross 
section  and  shape  of  the  conductor,  and  the  frequency  of  the  current.  The 
current  density  over  the  cross  section  of  the  conductor  is  a  minimum  at 
the  center,  increasing  to  a  maximum  at  the  periphery;  in  a  solid  eonductor 
of  large  cross  section  the  current  is  confined  almost  entirdy  to  an  out«r 
shell  or  "sldn."  The  "Skin  Effect  Factor"  is  th%  number  by  which  the  r^ 
sistanoe  of  the  circuit  to  a  continuous  current  must  be  multiplied  to  give 
the  effective  resistance  to  an  alternating  current.  The  following  ourv^ 
formula  and  table  give  the  *'Skin  Effect  Factor"  for  a  straight  wire  of 
circular  cross  section,  the  return  wire  of  the  circuit  being  assumed  suffi- 
ciently remote  to  be  without  effect,  which  is  practically  the  case  in  an 
aSrial  transmission  line. 

Let      R  'm  Reristance  of  wire  in  ohms  to  a  continuous  current. 

R'  «  Effective  resistance  of  wire  in  ohms  to  an  alternating  current. 
/  •■  Cycles  per  second.  - 
A  "■  Cross  section  of  wire  in  circular  mils. 
M  ■"  Permeability  of  wire  in  C.G.S.  units. 
I    -■  Temperature  in  ®C. 
a   ■"  Temperature  coefficient  per  *C. 

C  M  Percentage  conductiinty  of  wire  referred   to  Katthiessen's 
copper  standard  at  0^  C. 

Then  ^  -  funcfion  of  {i^^  • 

This  fimction  is  a  complex  one,  and  can  be  represented  best  by  th« 
accompanying  curve;  however,  for 


{^>3X10«. 


the  approximate  formula  ^   -  ^^"^  V  i^^r^+0.28 

is  suffidently  accurate  for  all  practicable  purposes. 
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nclB  SfTcci 

Facton  at  MT*  C.  for  Stnilrlii  ITir 
Circalar  CroM  S«ctl«n. 

M  HaTiBf 

Product  of  Cir- 
colar  Mils  by 
Cyol«s  per  Sec- 
ond. 
/X  A. 

Factor  *  for 

Product  of  Cir- 
cular Mils  by 
Cyclee  per  Sec- 
ond. 
fXA. 

Factor  for 

Iron  Wire. 
C-    17 
M-150. 

Copper  Wire 

Aluminum 

Wire 

C-62 

M-1. 

500,000 

1.000 

5,000,000 

1.000 

1.000 

1,000,000 

1.015 

10.000.000 

1.000 

1.000 

2.000,000 

1.068 

20,000.000 

1.008    • 

1.000 

3,000.000 

1.144 

30.000.000 

1.025 

1.006 

4,000,000 

1.234 

40.000.000 

1.045 

1.015 

5,000,000 

1.832 

50.000.000 

1.070 

1.026 

6,000.000 

1.435 

60,000,000 

1.096 

1.040 

7.000.000 

1.535 

70.000.000 

1.126 

1.053 

8,000,000 

1.628 

80.000.000 

1.158 

1.069 

9,000,000 

1.714 

90,000,000 

1.195 

1.085 

10,000,000 

1.705 

100,000.000 

1.230 

1.104 

12.500,000 

1.074 

125.000.000 

1.332 

1.151 

15.000.000 

2.14 

150.000,000 

1.433 

1.206 

17,500,000 

2.20 

175.000.000 

1.530 

1.266 

20,000,000 

2.42 

200.000.000 

1.622 

1.330 

25,000.000 

2.68 

250,000.000 

1.700 

1.455 

30.000,000 

2.00 

300.000.000 

1.937 

1.575 

35,000,000 

3.11 

350.000,000 

2.07 

1.686 

40,000.000 

8.31 

400.000.000 

2.20 

1.787 

45,000,000 

3.40 

450.000.000 

2.31 

1.870 

50,000,000 

3.67 

500.000.000 

2.42 

1.965 

55.000,000 

3.83 

550,000.000 

2.53 

2.05 

60,000.000 

3.00 

600,000.000 

2.68 

2.18 
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*  This  oorreeponde  to  E.B.B.  telegraph  wire. 
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The  approacimato  formula 

For  Iron  (E.B.B.  telegraph  wire),  reduces  to 

~  -  479  X  IQ-^VfA  +  0.28 
for  fA  >  12.6  X  lO*  and  ^  -  20°  C. 
For  Copper,  reduoes  to 

^'  -  96  X  10^  VfA  +0.28 

for  M  >  300  X  10*  and  I  -  20*  C. 
For  ii  Juminum,  reduoes  to 

^'  -  76X  lO-V/I+0.28 
for  M  >  500  X  10*  and  I  -  20*  C. 

Examples:  To  find  the  effective  resistance  of  a  round-wire  .6  inch  in 
diameter,  permeability  500,  conductivity  10  per  cent,  at  15  cycles  per 
second  andO*' C:  ^         *^ 

fpCA  _  15X500X  lOX  .25X  10*      ,  oo^.  ,nio 
l-^ai  I  "  A.OOX  lu*. 

D/ 

From  the  curve  ^-  »  1.63 

or  effective  resistance  /2'-~  1.63  R. 

To  find  the  effective  resistance  of  the  same  wire  at  60  cycles  per  second: 

i^    -7.6X10-. 

a.«fo«,  f«,m  formul.  B;  _  ^  ^3  ^.  ojjg  _  3.01 

or  effective  resistance  R*  ^  3.01  R. 


•SUP  nrsijcvio^  aivs  nrDucrrrs  jubactaivck 

or  VmAMSllUASIOlf  CKRCUITA  rOSMSS 
BY  PAltAJLI^El.  ^TKAfiS. 

The  CoeMcierU  of  Self  Induction  (L)  of  an  elementary  circuit  is  defined  as 
the  ratio  of  the  number  of  lines  of  induction  produced  by  a  current  flowing 
in  the  circuit  divided  by  the  current  in  the  circuit.  When  the  conductor  has 
a  finite  croc::  section  the  exact  definition  of  the  coefficient  of  self  induction 
is  the  ratio  of  twice  the  energy  of  the  magnetic  field  produced  by  the  cur- 
rent flowing  to  the  square  of  toe  current. 

The  practical  unit  of  self  induction  is  the  henry;  sometimes  the  milli« 
henry  is  used,  which  is  equal  to  x^^  of  a  henry. 

The  coefficient  of  self  induction  of  a  circuit  depends  on  the  sise  and 
shai>e  of  the  circuit,  the  cross  section  and  shape  of  the  conductor,  the  per- 
meabilities of  the  conductor  and  the  surrounding  medium,  also,  when  the 
skin  effect  is  large,  upon  the  frequency  of  the  current  ana  the  s|>ecifio  re- 
sistance of  the  conductor.    The  instantaneous  E.M.F.  induced  in  a  oir- 

euit  by  any  change  of  the  current  flowing  in  the  circuit  >"  ^  **  ~~  ^  (^*  or, 

if  L  is  constant,  which  is  strictly  true  when  there  is  no  iron  in  the  circuit, 

and  approximately  so  in  any  case,  e  ^  ~  ^  w#  * 

When  a  constant  E.M.F.  is  impressed  on  a  circuit  or  coil  oontaintiy 
inductance,  the  current  does  not  reach  its  full  value  instantly,  as  it  is 


^ 
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opposed  at  first  by  a  countarHdeotromotive  force  due  to  the  induetanoe. 
1^8  counter-electromotive  force  gradually  grows  leas  until  the  current 
reaches  its  full  strength,  which  theoretically  takes  an  infinite  time,  and  in 
practice  it  is  usual  to  determine  the  time  taken  for  the  current  to  attain 
68J2%  of  its  full  Talue  and  this  period  is  called  the  time-eonrianL 

Time-constant  in  seconds  —  -r ^rT 

ohms  resistance 

henrys  X  final  amperes 

applied  volts 

If  the  impressed  E.M.F.  varies  according  to  the  sine  law  and  L  \b  con- 
stant, the  effective  value  of  the  counter  inductive  E.M.F.  is 

£-2v/ZJ 

where  /  »  cycles  per  second  or  frequency  and  /  ■•  the  effective  value  of 
the  current.  2  v/L  is  called  the  indttcHve  reactance  or  simply  the  inductance 
of  the  circuit. 

The  induced  E.M.F.  lags  90°  behind  the  current.    The  E.M.F.  required 
to  overcome  the  induced  EJf.F.  leads  the  current  by  90*. 

Wwrmmim  for  0«lf  M»d«ctl«M  mmA  MmAmcUre  meacteaco. 


Let     r  >■  radius  of  wire  in  inches. 

n  —  number  of  wire  on  B.  and  S.  gauge.* 
D  ■->  distance  between  wires  in  inches. 
I  ^  distance  of  transmission  (length  of  one  wire)  in  1000  feet. 
L  —  coefifident  of  self  induction  of  1000  feet  of  wire  in  millihenrys. 
/  ■■  frequency  of  current  in  cycles  per  second. 
A  -  2  «/L  X  10-*  -  inductive  reactance  of  1000  feet  of  wire  m  ohms. 

SXHaLB-PRASS  CnCUIT 2  WiREB. 


iu 


Fio.  2. 

Total  self  induction  of  circuit  —  2  £L. 
Total  inductive  reactance  of  circuit  ->■  2 IX, 

Tbbb»-fhabb  CiRcuTr  —  3  Wirbb. 


r — Q 

Fis.  3. 

Total  self  induction  per  phase  (circuit  formed  by  any  two  wires)  "y/zilj. 
Total  inductive  reactance  per  phase  '^  y/Z  IX, 


L  -  0j01524  +  0.14  logio  (^ 

-0.00705n+A. 
where  A  —  0.14  logn  +  0.1258. 

•  See  table  on  nest  page  for  values  of  n  for  wires  larger  than  No.  0. 
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For  llftOV  irOUB, 


£  -  aOlSM  ^  +  0.14  log,o  ^^ 


where  /ui  ■-  permeability  of  the  iron,  n  Tarles  with  the  quality  of  the  iron 
and  alBO  ynth.  the  strength  of  the  current.  The  abore  formula  ia  true 
only  in  case  ft  is  constant  over  the  cross  section  of  the  wire,  which  in  any 
practical  case  is  only  approximately  true.  The  tables  on  p.  218  are  calcu- 
lated for  M  »  160,  corresponding  to  good  quality  telegraph  wire,  and, 
therefore, 


X- 


+  0.141ogM^ 


T-sUvM  •€  A  (=0^4  lor,QP+*lS»9>  '•'  ▼•*!• 


D. 

A. 

• 

in. 

•2SS3 

.0687 

.1083 

.1258- 

2 

.1670 

8 

.1925 

6 

.2347 

12 

.2768 

18 

.3015 

24 

.8100 

86 

.8436 

48 

.3611 

60 

.3747 

72            ' 

.3867 

Vsil««a  of  a  for  ITIrM  Iiargvr  tluui  Ifo.  •,  H. 


S. 


Siae. 


00  B.  and  S. 

000 

0000 
260,000  CM. 
800.000 
850,000 
400.000 
460.000 
500.000 
560.000 
600.000 
650.000 
700.000 
750.000 
800.000 
860,000 
900,000 
950,000 
1,000.000 


n. 


-1 

-  2 
-3 

-  3.719 
-4.505 

-  5.170 
-5.746 
-6.264 

-  6.708 
-7.119 

-  7.495 

-  7.840 

-  8.159 
-8.457 
-8.785 
-8.997 
-9.243 

-  9.476 
-9.697 


n  -  49.8812  -  9.92978  log  CM, 


SBLV  ivdhctioit. 


Hots. — Tha  mU  induetioD  of  >  ■trauled  wira  U  ■lichtlj'leM  tlum  tb»t 
of  a  solid  wire  of  the  Muoe  enm  •ution.  uid  aGsbtly  graatsr  thui 
tlwt  of  K  Mbl  wir*  h»Tin(  tha  auns  diuiula',^but  mor*  omrly  aqukl  Co 
that  of  m  aoHd  win  with  equal  eroa  eeelion.  The  ezast  tbIuo  of  the  eell 
induetioD  of  k  itrAad  is  K  oomplex  ezpnaaion  inmhrinc  both  the  mte  end 

- Ll  wins.     (See  L'&JaAvM  SUcti^ue.  Vol.  III.  p. 

puTpoeea  l£t  BiU  lulwUoa  of  K  itnod  nuy  be 
■olid  oonduotor  hkrini  the  aBiiw  oroa  Motkui. 

L-  .00706  n  + 4. 
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iBdvctlTe 


ReactSBce  la  Oboui  Per  lOOO  Veei  of  il#lM  H< 
Hagvetic  Wire. 

S6  Ctcub  Pbb  Sboohd.    Z  -•  .1571  Ir. 


IntarazUl  Distaaoee. 

B.aiMlS. 
Gauge. 

r 

i' 

r 

r 

2* 

3* 

OOQO 

.0U7 

.0160 

.0230 

.0209 

000 

.0148 

.0175 

.0242 

.0279 

00 

.0U9 

.0186 

.0263 

.0391 

0 

.0170 

.0198 

.0264 

.0302 

1 

.0181 

.0200 

.0275 

.0313 

2 

.0158 

.0192 

.0220 

.0286 

.0325 

4 

.0176 

.0214 

.0242 

.0308 

.0347 

6 

.0159 

.0187 

.0225 

.0253 

.0319 

.0368 

6 

.0170 

.0108 

.0236 

.0284 

.0330 

.0869 

8 

.0192 

.0220 

.0260 

.0286 

.0852 

.0891 

10 

.0215 

.0242 

.0281 

.0308 

.0374 

.0413 

12 

.0237 

.0264 

.0803 

.0380 

.0896 

.0435 

14 

.0269 

.0286 

.0325 

.0352 

.0418 

.0457 

Cir.Mibaad 

Interazial  DutaDoea. 

B.aiKiS. 
Gance. 

6' 

12' 

18' 

24' 

36' 

48' 

60' 

72' 

1,000,000 

.0261 

.0827 

.0366 

.0393 

.0432 

.0460 

.0481 

.0498 

900.000 

.0266 

.0832 

.0871 

.0398 

.0437 

.0465 

.0486 

.0508 

800,000 

.0272 

.0838 

.0877 

.0404 

.0443 

.0471 

.0492 

.0509 

700,000 

.0278 

'.0844 

.0883 

.0410 

.0449 

.0477 

.0498 

.0615 

600,000 

.0285 

.0351 

.0390 

.0417 

.0456 

.0484 

.0506 

.0522 

600,000 

.0294 

.0360 

.0309 

.0426 

.0465 

.0498 

.0514 

.0531 

4504)00 

.0299 

.0866 

.0404 

.0431 

.0470 

.0498 

.0619 

.0536 

400,000 

.0805 

.0871 

.0410 

.0437 

.0476 

.0608 

.0625 

.0542 

360,000 

.0311 

.0377 

.0416 

.0444 

.0482 

.0510 

.0581 

.0648 

300,000 

.0319 

.0385 

.0423 

.0451 

.0490 

.0517 

.0538 

.0656 

250.000 

.0327 

.0393 

.0432 

.0460 

.0498 

.0626 

.0647 

.0564 

OOQO 

.0335 

.0402 

.0440 

.0468 

.0505 

.0534 

.0555 

.0573 

000 

.0347 

.0413 

.0452 

.0479 

.0618 

.0545 

.0567 

.0684 

00 

.0858 

.0424 

.0463 

.0490 

.0529 

.0556 

.0678 

.0595 

0 

.0860 

.0435 

.0474 

.0601 

.0540 

.0567 

.0580 

.0606 

1 

.0380 

.0446 

.0485 

.0512 

.0551 

.0578 

.0600 

.0617 

2 

.0991 

.0457 

.0496 

.0623 

.0662 

.0689 

.0611 

.0628 

4 

.0118 

.0479 

.0518 

.0545 

.0584 

.0612 

.0633 

.0650 

6 

.0485 

.0501 

.0540 

.0568 

.0606 

.0634 

.0655 

.0672 

8 

.0157 

.0623 

.0662 

.0090 

.0628 

.0656 

.0677 

.0695 

10 

.0480 

.0546 

.0684 

.0612 

.0651 

.0678 

.0699 

.0717 

COHDDOTOBS. 


80  Ctclu  Pbi 


•  per  !•••  V««t  ar  • 

JE  -0.3TT0t, 


1' 

*• 

r 

■■ 

B* 

3- 

OODO 

1 
1 

1! 

1 

1 

1 

.OGOT 

i 

03M 

ii 

1 

i 

Or.  Mill  ud 
B.  «.d  8. 

'■ 

.!- 

»• 

24- 

1.- 1  «- 

flO- 

72- 

1,000 
BOO 
80f 

soc 

flOC 
35( 

s 

] 

i 
s 

! 

00 
07 

i 
1 

11 

? 
1 

.»784 

:002a 

.    150 

087T 

1 

:  401 

01 

ii 
i 

23 

It 

.  092 

:  2 
:  E 

;  M 

'4 

'.  50 
.     01 

:  i8i 
:  2K 

!  301 

:l 

ID 

1 

1 
1 

3S« 

1 
1 

ii 
p 

ii 

ii 

INDUCTIVB  BBACTAMOK. 


MlMl*a  Ub< 


Tw»  Wlra*  mi  ■ 


■bS."- 

f 

*• 

r 

>■ 

8- 

8- 

1 

1 

iff 

i 

ii 

1 

484 

1 

138 

i 

MS 

1 

.ISM 

;i 

i 
1 

3054 
2708 

i 


Or.  Itil 
B.  UK 

.»H 

In 

Br-xial 

IJisInn 

■«. 

«- 

12- 

18- 

■M' 

3«- 

(M- 

72- 

.4«4, 

*  Length  of  liu  eqi'Kl'  oik  half  the  (ot«l  length  of  irire  In  the  loop. 


COKD1TCTOEB. 


B  at  IiBop  Vaned  br  Tw*  fl 

Ohw  Pbb  1000  Farr  or  Lhb.*     (Cohducvob  Noh-Haq 
2S  CTCLn  rsB  Sicohd. 
Xloop  -  VS  X  for  Bincle  ^i^- 


a«w«. 

r 

'■ 

*• 

!■ 

3- 

1 

i 

0206 

i 
i 

S5 

0333 

1 

i 

0736 

E 

i 
1 

07»a 

e- 

la- 

la- 

24- 

38- 

«■ 

«.- 

72- 

fl«2 

0B33 

nasi 

.i>^a\ 

.004.'^ 

,in!3 

.iir.' 

121 

,!24i 

*  Lancth  of  line  «qiu1i  h&ir  the  total  lencth  of  wira  in  the  bop. 


INDUCTIVK    BEACTANCE. 


r  Link.*     (CoHoncToa  NoM-MAaHmcJ 

40  CiCLHB  PBS  SbCOND. 

Zkwp  —   VS  2  'or  liDBle  wire. 


B.BiidS. 

1' 

V 

** 

^' 

2- 

3- 

lira 

:6«i 

■s 

^ 

14            .1OT5 

.1189 

«. 

Oh«i>. 

B' 

■  ^ 

18' 

^- 

36- 

4S" 

eo- 

72- 

1.O0O.0OO 

ns4 

1.159 

ISlfl 

1834 

17B5 

Mo5oo 

■m 

■ffi 

irj7 

.1908 

2173 

•■^i 

.IMfl 

,»» 

wos 

2fiW) 

< 


l>  DM  hslf  the  toUl  Icrvtli  ot  wire  in  tlw  loop. 
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CONDUCTORS. 


ftttir 


1  Vrira.    Peraieabill^  IftO  G.  «•  ft.  lJ»lte, 

L- 2.286 +.14  log,,  (I)- 


Reebling 
Gauge. 


4 

6 

8 

0 

10 

11 

12 

14 


Dia. 
In. 


.225 
.102 
.162 
.178 
.135 
.120 
.105 
.080 


Interaxial  Distanoee. 


2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 


4180 
4285 
4380 
4443 
4400 
4571 
4652 
4817 


4610 
4706 
4800 
4865 
4021 
4002 
5074 
5230 


2.4857 
2.4053 
2.5056 
2.5111 
2.5167 
2.5239 
2.5310 
2.5485 


6' 


5278 
5374 
5478 
5533 
5580 
5660 
5742 
5007 


O' 


2.5525 
2.5621 
2.5724 
2.5770 
2.5835 
2.5007 
2.5088 
2.6153 


12* 


2.5600 
2.5706 
2.5800 
2.5054 
2.6010 
2.6082 
2.6163 
2.6328 


18- 


2.5046 
2.6042 
2.6146 
2.6201 
2.6257 
2.6328 
2.6400 
2.6575 


24' 


.6121 
.6217 
.6321 
,6876 
.6432 
.6503 
.6584 
6740 


uotlTe  ReactMice  la  Olmia  per  !•••  Wmt  of  ftolM 

Mrom  IV'lr*. 

100  Cycles  Per  Second.     X  -  0.6283  L. 

Note.  —  Induetive    reaotanee    at    other    frequencies    proportional     to 
values  given  in  this  table. 


Roebling 

Dia. 
In. 

.225 
.102 
.162 
.148 
.135 
.120 
.105 
.080 

Interaxial  Distances. 

Qauge. 

1' 

2* 

8' 

6' 

0* 

12* 

18' 

24' 

4 

6 

8 

0 

10 

11 

12 

14 

1.5101 
1.5251 
1.5316 
1.5350 
1.5386 
1.5431 
1.5482 
1.5585 

1.5455 
1.5516 
1.5581 
1.5615 
1.5650 
1.5605 
1.5746 
1.5850 

1.5610 
1.5671 
1.5735 
1.5760 
1.5805 
1.5850 
1.5001 
1.6005 

1.6876 
1.5035 
1.6000 
1.6035 
1.6060 
1.6115 
1.6166 
1.6260 

1.6020 
1.6000 
1.6156 
1.6180 
1.6225 
1.6260 
1.6320 
1.6424 

1.6130 
1.6100 
1.6265 
1.6200 
1.6335 
1.6370 
1.6430 
1.6534 

1.6294 
1.6366 
1.6410 
1.6464 
1.6480 
1.6634 
1.6686 
1.6680 

1.6404 
1.6466 
1.6620 
1.6664 
1.6600 
1.6644 
1.6605 
1.6700 

GAPAcnrr  iubactawcib,  abto  ctulmci- 


Whenever  a  difference  of  potential  is  established  between  two  or  more 
conductors  a  static  charge  manifests  itself  on  each  conductor.  If  there 
are  but  two  conductors  present  these  static  charges  are  equal  and  opponte. 
Two  conductors  thus  carrying  equal  and  opposite  chaiges  are  said  to  form 
a  condenser.  The  ratio  of  the  charge  (q)  on  one  of  the  conductors  to  the 
difference  of  potential  (e)  between  the  two  conductors  is  called  the  capa- 
city (C)  of  the  condenser,  ue., 

« 
If  9  i*  exjiressed  in  coulombs  and  e  in  volts,  the  unit  of  capacity  as  de- 
fined oy  this  equation  is  called  the  farad.     A  capacity  as  large  as  a  farad 
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is  a  mathemAtioal  fiction ;  the  unit  emplosred  in  praoUoe  is  the  miorofarad, 
which  18  one  miUionth  of  a  fanA. 

The  capacity  of  a  oondaofler  depends  on  the  nse  and  sbape  of  the  oon- 
dnctocB,  the  q>eoific  inductive  capacity  of  the  aurrounding  medium,  and 
ita  distance  from  other  conductors.    ,    .  ..    ,       .^ 

Tbe  instantaneous  capacity  B.M.F.  is  m  practical  units. 


and  the  eflFeotiTO  value  of  this  E.M.F.  for  a  sine  wave  current  is 


-B- 


2wfC 


TIm  exnresiion  --^  is  called  the  capacity  reastanee,  or  simply  the  eapaci- 

toiMe,  of  the  circuit.     The  reciprocal  of  this  quantity,  namely,  -j^,  '» 

called  the  capaeity  autceptancef    this  is  the  quantity  used  in  the  treat- 
ment of  the  capacity  of  transmission  circuits. 

The  currant  required  to  charge  and  dischaiige  a  condenser  is  called 
the  duMnfing  current;  for  a  sine  wave  of  impressed  KM,¥,  the  charging 
current  is 

/^  -  2  wfCB  X  10-*. 

The  capacity  KM.F.  leads  the  current  by  90*;  the  E.M.F.  required  to 
oveicome  the  capacity  E.M.F.  lags  90*  behind  the  current. 

MBrle«PlMMTraiia«ilaaloai  MAmm. — The  capacity  efiFect  m  a  single- 
phase  transmission  line  is  the  same  as  would  be  produced  by  shunting 
across  the  line  at  each  point  an  infinitesimal  condenser  havmg  a  capacity 
equal  to  that  of  an  infinitceimal  length  of  csrcmt.  The 
exact  calculation  of  this  eCTect  involves  the  use  of  hyperbobc 
functions  and  conmler  algebraic  quantities.  A  dose  approx-  ^  |  ^ 
imation  is  to  oonidder  a  condenser  of  half  the  capacity  of  the  V— 1  ^ 
line  shunted  across  the  line  at  each  end.     A  stiU  closer  ap-  | 

prozimation  is  to  divide  the  line  ?nto  three  equal  ijarts  and       «.  *     . 
consider  the  capacity  of  each  section    concentrated  m  a  «)n-       'to.  «. 
denser  at  the  center  of  that  section,   but  in  most   practical  ,    ,    ,       . 
cases  this  refinement  is  not  necessary.      For  the  purpose  of  calculating  the 
chaiging  current  a  very  simple  and  in  general  sufficiently  accurate  method 
is  to  determine  the  current  taken  by  a  condenser  having  a  <»pacity  equal 
to  that  of  the  entire  line  when  charged  to  the  pressure  on  the  hne  at  the 
gjnentting  end.    For  the  calculation  of  the  effect  of  capacity  on  the  effi- 
ciency ana  regulation  of  transmisnon  lines  seepage  264. 
Tlw«e-Pniie  VnuMaUsaloBi  MJatm*  —  The  capacity  effect  in  a  three- 
phase  transmission    line  is  the  same  as  would 
DC  produced  by  shunting  the  line  at  each  point  by 
three  infinitesimal  condensers  connected  in  star 
with  Uie   neutral  point  grounded,  the  capadty 
oS  each  condenser  being  equal  to  twice  that  of 
a  condenser  of  infinitesimal  length  formed  by  any 
.  two  of  the  wires.    The  effect  of  capacity  on  the 

\y'^>^/  rMiulation  and  efficiency  of  the  line  can  Be  detei^ 

^X^  '^s^  mined  with  sufficient  accuracy  in  most  cases  by 

Q^  ^v^      considering  the  line  shunted  at  each  end  by  three 

^      condensers  connected  in  star,  the  capacity  of  each 
Fio.  5.  condenser  being  equal  to  that  formed  by  any  two 

wires  of  the  line.    (See  page  264.) 
Ab  Mprosdmate  value  for  the  charging  current  per  wire  is  the  current 
required  to  charge  a  condenser,  equal  m  capadty  to  that  of  any  two  of  the 
wires,  to  the  pressure  at  the  generating  end  of  the  line  between  any  one 
wire  and  the  neutral  point. 
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FormulcB: 

Let         r  ■■  radiuB  of  wire  in  inches. 

n  —  number  of  wire  on  B.  and  S.  gauce.* 
H  ■"  heigtit  of  wires  above  ground. 
D  ■-  distance  between  wires  in  inches. 

I  »  distance  of  transmission  (length  of  one  wire)  in  1000  feet. 
V  ■-  impressed  voltage  between  a(^aoent  wires  at  generating  end. 
Vo^  impressed  volts  between  any  wire  and  ground  or  neutral 

at  generating  end. 
Co*  capacity  per  1000  feet  of  a  single  wire  parallel  to  the  earth 

in  microfarads. 
C  —  capacity  per  1000  feet  of  circuit  (2000  feet  of  wire)  formed 

by  two  parallel  wires. 
•/  —  freauency  of  impressed  E.M.F.  in  cycles  per  second. 

^  ""  ~~10*^  ""  ^"^P'^ty  susoeptanoe  per  1000  feet  of  a  sin^e  wire 

parallel  to  the  earth. 

&  ~  "TKr  ■■  capacity  susoeptanoe  per  1(X)0  feet  of  circuit  (2000 

feet  of  wire)  formed  bv  two  parallel  wires. 
K  ■-  dielectric  constant  of  surroimding  medium.     For  bare  or 
insulated  overhead  wires,  without  metallic  sheath,  IC  —  1. 

9teirl«  Qrerhcad  fTlre  with  Itertli  Iftetim. 

.007864 


Co- 


logio-— - 


Total  capadty  of  circuit  '^  IC, 
Total  capacity  susoeptanoe  of  drouit  '^  lb, 
mWMmmMyJMmm    ^^^  charging  current  "  IbVo, 
Fio.  6. 

Two  Overhead  fTlree,  ftlnrle-Phi 

n       '003677  \*-^ 

k)gio  — 


'      ■        ■  -0- 


B  +  13.7n 

Total  capacity  of  drcuit  ■■  2  C  Fia.  7. 

Total  capadty  susoeptanoe  of  circuit— 2  b. 
Total  chaiiging  current  —  2  b  V. 

Two  IV'tro*  iM  «ro«Bdod  Metallic  Sheatli,  ftlorle-PliOMt. 

.003677  K 


C- 


log 


10 


r2a  H»  -  0*1 
L  r      fi^+aU 


Total  capacity  of  circuit  »^  IC, 
Total  capadty  susoeptance  of  drcuit  —  2  6. 
Total  charging  current  "  lb  V. 
Fio.  8. 

*  For  values  of  n  for  wires  larger  than  No.  0  see  page  240. 

t  B  —  272  logiQ  /;  +  215.  For  values  of  B  see  p.  251.  For  stranded  wires 
ndther  formula  is  strictly  accurate:  the  logarithmic  formtila  gives  results 
practically  correct;  values  calculated  by  the  second  formula  are  about  3  j>er 
cent  too  small. 
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C^mmmntrie  Cable  ia  «ro«Bided  MetelUc  SlMath* 

Mnfle-PlMM. 

Let  C '  -  o&pacity  in  microfankb  p«r  1000  feet  of  oondenaer  fonned  by 
the  two  oonduotora. 

C'l- capacity  in  microfarads  per 
1000  feet  of  condeneer  formed  by 
outer  conductor  and  aheath. 


logio  — 
.007354  Ki 


6HEATH 


OONOUCTOII 


C"- 


Fio.  9. 


log«,^ 

Total  ehai^Dg  current  "  lb*  V +  lb"  Vo- 

Tlir«»«  Overhead  IV'lrea,  Hiree-Pliaae. 

.003677 


C- 


logio 


r 
1 


C- 


B  +  13.7  n 

Total  capacity  per  wire  ^  2lC. 
Total  capadtanoe  per  wire  —  2  *^-    ^ 

Total  charging  current  per  wire  —  ■"/=" "  2  i  6  Vi. 
Metallic  Sbeath,  Tlaree-Pliaae. 


.007364^ 


r3  a«  (^-a2)fl 


Total  capacity  per  wire  —  2  i  C. 
Total  capacitance  per  wire  -"2  2  0. 

Total  charsinc  current  per  wire  —  — rrr-  —  2  2  6  Ko- 

^^  Fio.  11. 

Sheath  Grounded. 

Valaea  of  li  ->  999  loffio  0+«U- 


D. 

B, 

1 

90 

1 

133 

1 

181 

f 

215 

2 

297 

3 

344 

6 

426 

12 

508 

18 

556 

24 

590 

36 

638 

48 

672 

60 

608 

72 

720 

•  B  —  272  logit  D  +  215.  For  values  see  table.  For  stranded  wires 
neither  formula  is  strictly  accurate;  the  logarithmic  formula  gives  roults 
practically  correct;  values  calculated  by  the  second  formula  are  about  3  per 

it  too  smalL 


COMDDCTOBS. 
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TBAMSKIBSION   OIBCUIIS. 


CfeMntaw   Carrel  )a  Abmcfm  p«r  VMMt  VM>t    vf  Mtm 
V^HB  OlroiBlt  (MMrVBot  af  ITIn)  FaTwed  kj 

pMHniBE.  S  =  10.000  Vtx/n.    FuQDnci,  f-100  Cici.»  m  Sh 

Chibqihii  CUBmmr  —  a.28S  C. 

Note.  —  Valuea  of  oluuwiiic  ourrcsit  M  othor  proinina  vkd  fraqua 
v«  proportional  to  tboM  (iveo  in  (his  Ubia. 


o  . 

<dS 

■f 

*- 

»- 

r 

I- 

r 

S* 

r 

U- 

W 

woo 

.OtM 

.owia 

.02087 

.OlMf 

.oina 

.08360 

.01879 

!0U71 

.01308 

.01187 

w 

.(wn 

:0371 

.08133 

ioZJIi 

.01820 

.01168 

.OllM 

0 

otua 

.0M1 

.taai 

.02117 

.01287 

.tt»23 

;017M 

!  01426 

.01180 

'.OUM 

Item 

D1B8B 

.OIBM 

.01382 

.01188 

.01074 

:«» 

:03M 

:oi8e 

OHM 

.OITM 

.01871 

.01807 

.01112 

lOlOH 

.08778 

.SBI 

.OHM 

.0172: 

.0IB9O 

.01288 

.01087 

DSSU 

.OM 

.OZtll 

'.ooam 

0»13 

mat 

'.ax» 

'.oat 

.oua 

'01641 

'01188 

ioioie 

00842 

M 

.otm 

.OM 

tam 

.0W7I 

.•1764 

.0144B 

:ouiw 

OIIIS 

.00073 

Amy 

.OMM 

.OUB 

.013S 

.01231 

u 

.mm 

OM 

.Dim 

.OHM 

01017 

iooosa 

00843 

"SSA"- 

B' 

12- 

18- 

24- 

.OJ.-'     M,.no 

80- 

72* 

1000  000 

1 

)  7S3 

0  M 

0  426 

0  143 

0090 

'900i000 

.Ol..^-     N.K? 

0  13 

0  087 

soolooo 

1 

1  871 

a  4si 

0  380 
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AUJPI.B  AI.TB]tirATIlf«  dntREirT  CIItCIJITft. 

The  tmpedanoe  (2)  of  a  circuit  is  defined  as  the  ratio  of  the  differenoe  in 
praesure  (effective)  between  the  two  ends  of  the  conductor  to  the  current 
(effective)  flowing  through  the  conductor. 

Tlie  E.M.F.  requii:^  to  overcome  impedance  is 

S  '^  It. 

In  the  case  of  direct  currents  s  >-  r. 

The  following  are  typical  alternating  current  circuits: 


Let  . 


B  ^  resistance  in  ohms. 
Z  M  impedance. 

•  -  2  »/. 

L  -»  oocxfficient  of  self  induction. 

C  —  ciHI>acity. 


and  Xndnciance,  li 


or  diagrammatieaUy 


or  diagrammatioaUy» 


Fxo.  12. 
and  Cttpactty  im  A«fli< 


Fm.  13. 


,  Inductance,  and  Cnpndtj  in  ftcrlea. 


or  diagrammatically. 


Note. — In  transmission  lines  the  capacit;)r  is  in  parallel  with  the  resist- 
anee  and  inductance;  the  above  formuln  involving  capacitv  do  not  there* 
fora  apirfy.    For  the  discussion  ot  capacity  of  transmission  hnes  see  p.  264 
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THB   DIMENSIONS  OF   CONDUCTORS   FOR 
DISTRIBUTION    SYSTEMS. 

Bt  Habold  Pbndbb.  Fb.D. 

To  proportion  properly  the  siie  of  the  conductors  for  a  distribution 
syst«n,  the  following  data  with  regard  to  each  circuit  is  necessary:. 

1.  liie  mit-ritnMin  powcr  to  bc  transmitted,  or  the  maTinnim  load  on  the 

line. 

2.  The  load  factor,  or  the  yariation  d  the  powv  delivwed  with  time. 

3.  The  length  of  the  line. 

4.  The  dbtribution  of  the  load  aloni^  the  line. 

5.  The  pressure  at  which  the  power  is  to  be  transmitted. 
0.  The  loss  of  power  wiiich  may  be  allowed  in  the  line. 

These  six  oonoitions  will  determine  a  conductor  of  a  definite  oroes  tee- 
tion,  but  no  conductor  should  ever  be  used  which  is  not  of  sufficient  siie 
both  to  insure  the  proper  mechanical  strength  and  also  to  prerent  a  dan- 
gerous temperature  elevation;  the  first  condition  is  of  j>articular  impoi^ 
tance  in  overhead  lines,  the  second  in  undei]Kround  and  interior  wiring. 

Assuming  that  the  amount  and  distribution  of  the  load  and  the  trana- 
mission  distance  are  known,  the  engineer  has  next  to  determine  what  line 
pressure  to  employ  and  what  jiower  loss  to  allow.  To  do  this,  he  must 
keep  hi  mind  two  fundamental  facts,  namely,  that  the  transmission  system 
is  but  part  of  the  entire  plant,  and  that  the  object  of  the  plant  as  a  whole 
is  to  gain  the  maximum  net  revenue  for  the  least  expenditure  of  money; 
also,  that  there  is  usually  a  limit  to  the  capital  available  for  the  enter- 
prise, which  the  first  cost  of  the  entire  plant  must  not  exceed,  even  though 
a  further  increase  of  the  capital  outlay  might  gain  a  desirable  revenue. 
Consequently,  in  the  selection  of  the  pressure  and  efficiency  for  a  distribu- 
tion ssrstern.  many  complex  factors  enter,  such  as  the  nature  of 
the  supply  oi  energy,  the  nature  of  the  load  supplied,  the  probability  of 
increase  in  the  demand  for  power,  etc.,  as  well  as  the  relative  costs  of  the 
various  parts  of  the  plant.  Space  does  not  permit  of  a  detailed  discus- 
sion of  all  these  factors  here;  it  will  suffice  to  state  briefly  the  general  Amer- 
ican practice  under  the  most  common  conditions. 

JLMJfM  PJRBAftUMB.  —  To  transmit  a  given  amount  of  power  a  given 
distance  at  a  fixed  effioiencv,  the  amount  of  copper  required  wiU  vary 
inversely  as  the  square  of  the  pressure.  High  pressure  then  means  d»- 
orease  in  the  cost  of  the  conducting  material,  but  an  increase  in  the  cost 
of  insulating  the  line  and  the  rest  of  the  system.  As  a  general  rule,  eq>*- 
dally  in  long  distance  transmission,  the  saving  in  copper  as  the  pressure 
is  increased  more  than  offsets  the  increased  cost  of  insulation,  up  to  about 
60,000  volts,  but  in  many  cases  other  factors  fix  a  much  lower  economical 
limit  to  the  line  pressure.  Recent  improvements  in  the  design  of  insula- 
tors accompanied  by  a  decrease  cost  of  manufacture  have  raised  the 
economic  limit  of  line  pressure  to  100,000  volts. 

IMreci  CnrreMt  I>totrll»«ti«B.  —  On  direct  current  systems  supply- 
ing directlv  incandescent  lamps  and  small  motors,  the  maximum  pressure 
allowable  is  125  volts  for  two-wire  dirtribution,  250  volts  for  three-wire 
distribution;  in  certain  cases  where  cheap  power  may" be  had,  these  figures 
may  be  increased  to  250  and  500  respectively.  For  large  direct  current 
motor  systems  the  corresponding  figures  are  500  to  600  volts  for  two-wire 
and  1000  to  1200  volts  for  three-wire  systems.  The  limiting  transmission 
pressure  is  fixed  by  the  maximum  preesure  which  can  be  employed  on  the 
various  translating  devices,  motors,  lamps,  and  the  like.  Future  devel- 
opments in  the  latter  may  set  a  new  limit  to  the  allowable  pressure;  in 
fact,  the  compensating  pole  direct  current  motors  now  being  placed  on  the 
market  will  permit  the  use  of  pressure  as  high  as  1200  volts  for  two-wire 
and  2400  volts  for  three-wire  systems.  On  ciroiiits  supplying  direct  cur- 
rent series  are  lamps,  pressures  as  high  as  5000  volts  are  used. 
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_  The  Une  praMure  on  that 

part  of  an  aliefnatinc  currant  distribution  syatem  connected  directly  to 
the  varioos  tranriating  devices,  motors,  lamps*  and  the  like,  is  fixed  by 
the  |»aoticable  pressure  that  mav  be  used  on  these  devices.  For  direct 
distribution  for  incandescent  UgntiEiff,  the  Une  pressure  between  wires 
should  not  exceed  125  volts,  or  possibly  260  volts  if  power  is  cheap  and 
220  to  250  volt  incandescent  lamps  can  be  advantageously  employed. 

1Hstiibvtl«B  IB  Cltlca.  —  In  the  larger  cities  the  tendency  of  modem 
pfHctioe  (1907)  is  to  generate  three^hase  alternating  current  at  11,000 
or  13,000  volts  (delta),  and  to  transmit  the  power  at  this  pressure  either 
to  static  transformer  or  rotary  conTerter  sub-stations.  For  the  dis* 
tribution  of  direct  current  from  rotary  converter  sub-stations  see  above 
under  "line  Pressure  for  Direct  Current  Distribution."  At  the  static 
transformer  sub-stations  the  pressure  is  reduced  to  2200  volts,  and  the 
power  transmitted  at  this  pressure  to  the  centers  of  distribution,  where 
another  reduction  in  pressure  to  about  125  or  260  volts  takes  place,  and 
from  here  the  eneris^  is  distributed  direoUy  to  the  lamps,  motors,  or 
othM-  translating  device.  In  smaller  cities,  or  when  it  is  desirea  to  employ 
overhead  lines  entirely  (since  11,0(X)  volts  overhead  in  cities  is  not  advis- 
able), the  sub-stations  may  be  omitted  and  generators  for  2200  volts  be 
used.  Laxge  induction  motors  may  be  suppued  directly  with  2200  volt 
current,  the  very  largest  sometimes  with  current  at  11,000  or  13,000  volts. 


M3i  THIB  ItMJiB* — To  transmit  a  given  amount 
of  power  a  given  distance  at  a  given  pressure,  the  amount  of  copper 
required  will  varv  inversely  as  the  amount  of  power  lost  in. transmission. 
Low  eflSciency,  therefore,  means  decrease  in  the  cost  of  the  conducting 
materia],  but  an  increase  in  the  central  station  output. 

K.elvte'a  Iaw.  —  In  general,  if  two  quantities  A  and  B  are  both  func- 
tions of  the  same  variable  «,  then  the  sum  of  A  +  B  is  a  minimum  when 
the  rate  of  change  of  A  with  respect  to  that  variable  is  equal  and  opposite 
to  the  rate  of  ehange  of  B  with  respect  to  that  variable,  t.e.,  when 

dA^^dB^ 
dx       "  dx 

Numerous  attempts  have  been  made  to  apply  this  law  to  the  determi- 
nation of  the  most  economical  efficiency  for  a  transmission  line.  At  first 
sight  it  would  seem  logical  to  proportion  the  costs  of  the  central  station 
and  transmisrion  line  so  that  the  annual  cost  of  delivering  an  additional 
kik>wmtt  of  power  by  increasing  the  central  station  capacity  will  equal  the 
annual  cost  of  delivering  an  adctitional  kilowatt  of  power  bv  adding 
more  coppCT  to  the  line.  On  this  basis  a  very  simple  law  is  found  to  hold, 
namely,  that  the  most  economical  current  density  per  million  circular 
mils  is  * 


880 


V^t- 


where  JT*  ■■  increase  in  annual  charges  on  transmission  line,  resulting 
from  increasing  the  weight  of  copper  one  ton  (2000  lbs.),  and  Kp  ■*  increase 
in  annual  operating  and  capital  charges  on  the  central  station,  resulting  from 
increasing  the  output  one  kilowatt. 

This  law,  however,  is  true  only  for  a  given  current;  when  the  power  sup- 
plied by  any  plant,  and  therefore  the  current,  varies  over  wide  limits 
during  the  year,  as  is  almost  invariably  the  case,  the  current  density  as 
determined  by  the  above  law  refers  to  tne  square  root  of  the  mean  square 
enrreni  for  ue  year,  a  quantity  which  can  be  determined  only  to  the 
roos^est  approximation. 

Further,  the  whole  discussion  of  economical  cross  section  is  based  on 
two  assumptions,  usually  unwarranted,  namely,  that  the  amount  of  capital 
av:^pable  is  unlimited^  and  that  a  market  can  be  foimd  for  the  maximum 
output  of  the  plant:  it  will  evidently  not  be  economical  to  install  copper 
to  save  power  which  cannot  be  sold.     In  short,  neither  Kelvin's  law  nor 


*  The  formula  for  aluminum  is  1C5 


v/^- 
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any  modification  of  it  is  a  safe  general  guide  in  detennining  the  proper 
allowance  for  Ion  of  power  in  the  line.  Each  plant  has  to  be  considered 
on  its  individual  merits,  and  various  conditions  are  likdy  to  determine  the 
pressure  and  loss  in  different  cases. 

m»trll»iitiOB  INrect  to  TruBalafttinc  DeTlcoa.  —  The  power  loss 
in  a  transmission  line  also  fixes  the  pressure  loss  or  volts  drop.  In  direct 
current  systems  the  per  cent  power  loss  equals  the  p^r  cent  pressure  loss; 
in  an  alternating  current  line  there  is  also  a  fixed  relation  between  the  two, 
see  pMgfi  264.  In  that  part  of  a  distribution  system  connected  directly 
to  the  translating  devices,  lamps,  motors,  etc.,  the  regulation  of  the  line, 
or  the  percentage  pressure  loss,  must  not  exceed  a  certain  amount  con- 
sistent with  reasonably  efficient  operation  of  these  translating  devices. 
For  example,  the  maximum  variation  in  pressure  on  incandescent  lamps 
should  not  be  more  than  2  per  cent;  distribution  lines  which  supply  incan- 
descent lamps  and  on  which  the  pressure  at  the  sending  end  is  fixed, 
should  therefore  be  of  sufficient  sixe  to  insure  a  pressure  loss  of  not  over  2 
per  cent  at  maximum  load.  When  a  line  supplies  a  large  number  of  lamps, 
all  of  which  are  not  likely  to  be  burning  simultaneously,  the  per  oent  drop 
in  pressure  for  the  connected  load  may  be  taken  oonsidexably  greater. 
For  example,  if  the  probable  maximum  load  be  figured  at  one  third  of 
the  connected  load,  a  drop  of  6  per  oent  for  all  lamps  burning  may  be 
allowed. 

IMstrlbiitioB  !■  0«n«ral*  —  The  following  discussion  of  the  proper 
power  loss  to  allow  in  transmission  lines  is  taken  from  Bell,  "Electric 
I^ower  Transmission." 

"The  commonest  cases  which  arise  are  as  follows,  curanged  in  order  of 
their  frequency  as  occurring  in  American  practice.  Each  case  requires  a 
somewhat  different  treatment  in  the  matter  of  ^  line  loss,  and  the  whole 
classification  is  the  result  not  of  a  priori  reasoning  but  of  the  study  of  a 
very  large  number  of  concrete  cases. 

Cass  I.  General  distribution  of  power  and  light  from  water-power. 
This  includes  something  like  two  thirds  of  all  the  power  transmission  enters 
prises.  The  oases  which  have  been  investigated  by  the  author  have  ranged 
from  100  to  20,000  H.P.,  to  be  transmitted  all  the  way  from  one  to  one 
hundred  and  fifty  miles.  The  market  for  power  and  light  is  usually  uncer- 
tain, the  proposition  of  power  to  light  unknown  within  wide  limits,  and  the 
total  amount  required  only  to  be  determined  by  future  conditions.  The 
average  load  defies  even  approximate  estimation,  and  as  a  rule  even  when  the 
l^eneral  character  of  the  market  is  most  carefully  investigated  little  certainty 
is«uned. 

For  one  without  the  gift  of  prophecy  the  attempt  to  figure  the  line  for 
such  a  transmission  by  following  any  canonical  rules  for  maximum  econ- 
omy is  merely  the  wildest  sort  of  guesswork.  The  safest  process  u  as  fol- 
lows: Assume  an  amount  of  power  to  be  transmitted  which  can  certainly 
be  disposed  of.  Figure  the  line  for  an  assumed  loss  of  energy  at  full  load 
smidl  enough  to  insure  good  and  easy  regulation,  which  determines  the 
quality  of  the  service,  and  hence,  in  large  measure,  its  growth.  Arrange 
both  power  station  and  line  with  reference  to  subsequent  increase  if  needed. 
The  exact  line  loss  assumed  is  more  a  result  of  trained  Judgment  than  of 
formal  calculation.  It  will  be  in  general  between  6  and  16  per  cent,  for 
which  losses  generators  can  be  conveniently  regulated.  If  raising  and 
lowering  transformers  are  used  the  losses  of  energy  in  them  should  be  in- 
cluded m  the  estimate  for  total  loss  in  the  line.  In  this  case  the  loss  in  the 
line  proper  should  seldom  exceed  10  per  cent.  A  loss  of  less  than  6  per 
cent  18  seldom  advisable. 

It  should  not  be  forgotten  that  in  an  alternating  circuit  two  small  con- 
ductors are  generally  better  than  one  lar^  one,  so  that  the  labor  of  installa- 
tion often  will  not  be  increased  by  waiting  for  developments  before  adding 
to  the  line.  It  frequently  happens,  too,  that  it  is  very  necessary  to  keep 
down  the  first  cost  of  installation, .  to  lessen  the  finandu  burden  during  the 
early  stages  of  a  plant's  devdopment. 

Case  II.  Delivery  of  a  known  amount  of  power  from  ample  water- 
power.  This  condition  frequently  arises  in  connection  with  manufactur- 
ing establishments.  A  water-power  is  bought  or  leased  in  (oto,  and  the 
Eroblem  consists  of  transmitting  sufficient  power  for  the  comparatively 
xed  needs  of  the  works.    The  total  amount  is  generally  not  iarse.  mddan 
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more  than  a  few  hundred  hoiee-power.  Under  these  drcumetanoes  the 
plant  ■hoold  be  dengned  for  minimum  first  cost,  and  any  loss  in  the  line 
18  permissible  that  does  not  lower  the  efficienoy^enough  to  force  the  use 
of  larger  siies  of  dynamos  and  water-wheels.  These  siies  almost  invari- 
ably are  near  enough  tosether  to  involve  no  trouble  in  regulation  if  the 
line  be  thus  designed.  The  operating  expense  becomes  practiflally  a  fixed 
ohaxge  so  that  the  first  cost  only  neea  be  oonsidwed. 

Such  plants  are  increasingly  common.  A  brief  trial  calculation  will 
show  at  once  the  conditions  of  economy  and  the  way  to  meet  them. 

Cask  III.  Delivery  of  a  known  power  from  a  closely  Km\%»ii  source. 
Ihas  case  resembles  the  last,  except  that  there  is  a  definite  limit  set  for  the 
losses  in  the  system.  InstesMl,  then,  of  fixing  a  loss  in  the  line  based  on  regu- 
lation and  first  cost  alone,  the  first  necessity  is  to  deliver  the  required 
power.  This  may  call  for  a  line  more  mq;>ensive  than  wot^  be  indicated 
by  any  of  the  formula  for  maximum  economy,  since  it  is  far  more  impor- 
tant to  avoid  a  supplementary  steam  plant  entirely  than  to  escape  a  con- 
siderable increase  m  cost  of  bne.  The  data  to  be  seriously  considered  are 
the  cost  of  maintaining  such  a  supplementary  plant  properly  capitalised, 
and  theprice  of  the  additional  copper  that  render  it  unnecessary.  Maxi- 
mum eflScieney  is  here  the  govermng  factor.  In  cases  where  the  motive- 
jkower  is  rented  or  derived  from  steam,  formula  like  Kelvin's  may  som^ 
times  be  convenient.  Losses  in  the  line  will  often  be  as  low  as  5  per  cent, 
sometimes  only  2  or  3. 

Cabs  IV.  Imribution  of  power  in  known  amount  and  units,  with  or 
without  long  distJLnee  transmission,  with  motive-power  which,  like  steam 
or  rented  water-power  costs  a  certain  amount  per  horse-power.  Here  the 
desideratum  is  minimum  cost  per  H.P.,  and  design  for  this  purpose  may 
be  carried  out  with  fair  accuracy.  Small  line  loss  is  generallv  desirable 
unless  the  system  is  complicated  by  a  long  transmission.  Such  problems 
usually  or  often  appear  as  distributions  only.  Where  electric  motors  are 
in  conqietition  with  distribution  by  shafting,  rope  transmission,  and  the 
like,  2  to  5  per  cent  line  loss  may  advantageously  be  used  in  a  trial  com- 
putation. 

The  problem  of  power  transmisson  may  arise  in  still  other  forms  than 
tfuee  just  mentioned.  Those  are,  however,  the  commonest  types,  and  are 
instanced  to  show  how  completely  the  point  of  view  has  to  change  when 
designing  plants  under  vanous  circumstances.  The  controlling  element 
may  be  mmimum  first  cost,  maximum  efficiency,  minimum  cost  of  trans- 
miarion,  or  combinations  of  any  one  of  these,  with  locally  fixed  require- 
ments as  to  one  or  more  of  the  others,  or  as  to  special  conditions  quite  apart 
from  any  of  them. 

In  very  many  cases  it  is  absolutelsr  necessary  to  keep  down  the  initial 
coat,  even  at  a  considerable  sacrifice  in  other  respects.  Or  economy  in  a 
certain  direction  must  be  sought,  even  at  a  considerable  expense  in  some 
other  direction.  For  these  reasons  no  rigid  system  can  be  followed,  and 
there  is  constant  necessity  for  individual  skill  and  judgment.  It  is  no 
moommon  thing  to  find  two  plants  for  transmitting  equal  powers  over 
the  eame  distance  under  very  similar  conditions,  which  must,  nowever.  be 
ifrttftll^  on  totally  different  plans  in  order  to  best  meet  the  requirementa  " 
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Let 

S  —  pranure  between  adjacent  wireB  at  receiving  end  in  volte. 

W  »  power  delivered  in  kilowatts. 

k    >■  power  factor  of  the  load  exprened  as  a  decimal  fraction. 

A   —  cross  section  of  each  wire  in  millions  of  circular  mils. 

U7  Mi  total  weight  of  conductors  in  pounds. 

I     ">  len^h  of  circuit  (length  of  each  wire)  in  feet. 

R  »B  resistance  of  each  wire  in  ohms. 

L    >-  reactance  factor  of  line  —  ratio  of  line  reactance  to  line  resistance 

(Table  II). 
Q  >-  per  cent  power  loss  in  terms  of  delivered  power. 
P  ■■  per  cent  pressure  drop  in  teims  oi  delivered  pressure. 

Put 
P  - 


In  Table  I  are  given  formulae  for  calculating  the  cross  section,  weight, 
and  power  loss  for  any  kind  of  conductor.  The  per  cent  pressure  drop,  P, 
can  be  readily  calculated  when  the  per  cent  power  loss  is  known  by  means 
of  the  formma 

P'^MQ  +  N(^, 

Where  M  and  N  are  constants  depending  on  the  povror  factor  (/;)  :^d  the 
ratio  i|  of  the  line  reactance  to  the  lino  reeistance,  tliic  ratio  ic  callocl  the 
"  reactance-factor "t  Tables  III  and  IV  rive  the  valucc  of  the  conctaaitc  IT 
and  AT  for  various  values  of  A;  and  ti.  To  a  cIobo  approximatiou.  oxoent 
when  the  power  factor  is  nearly  unity,  or  the  receiver  current  is  leading,  too 
term  NQ^  may  be  neglected,  l.e.,  in  most  practical  cases  P  »  MQ.  The 
complete  expression  P^™  MO  +  nQ^  is  exact  in  all  oaccs  for  a  10  i)er  cent 
power  loss;  it  is  in  error  less  than  3  per  cent  for  any  valuo  oT  P  lesc  than  30; 
m  any  case  likely  to  arise  in  practice  the  discrepancy  is  less  tlian  1  per  cent 
in  the  value  of  P.      The  exact  expression  for  P  izx  terms  of  Q  is 

P  =  Vio<  +  200  (1  +  «,)  *«0  +  (1  +  Ij2)  JfcaQ2  -  100 
where  t  is  the  tangent  corresponding  to  the  cosine  k.     (See  p.  276.) 


BCect  of  Iiiae  Ctti^act^. 

The  effect  of  the  capacity  of  the  line  is  to  reduce  the  pressure  drop,  i.e., 
improve  the  regulation,  and  to  decrease  or  increase  the  power  loss  depend- 
ing on  the  load  and  power  factor  of  the  receiver.     Let 

6  =  2  irfC  X  10-«. 

Where  C  is  the  capacity  of  the  condenser  in  microfarads  formed  by  any  pair 
of  wires  of  the  line,  /  is  the  frequency;  6  is  called  the  capacitv  susceptance 
of  the  line  (for  a  single-phase  line,  the  charging  current  is  bE;  for  a  three- 
phase  line  the  charging  curcent  per  wire  is  1.155  bE. 

Table  V  gives  the  values  of  the  capacity  susceptance  per  10(X)  feet  of 
circuit  for  various  sises  of  wire  spaced  various  distances  apart  for  a  frequency 
of  ICK)  cycles  per  second ;  the  values  for  other  frequencies  are  directly  pro- 
portional.    (Continued  on  p.  270.) 
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Table  lU. — Valaes  •£  M. 


Power  Facton  of  Receiver. 

Reactance 
Faoton. 

Curreafe  Leadinf. 

Current  Lacsinff* 

«i- 

90 

95 

98 

100 

98 

96 

90 

86 

80 

70 

0.0 
0.1 
0.2 

.81 
.77 
.73 

.90 
.87 
.84 

.90 
.94 
.92 

1.00 
1.00 
1.00 

.95 

.98 

1.00 

.90 
.93 
.90 

.81 
.85 
.89 

.72 
.70 
.81 

.04 
.09 

.74 

.49 
.64 
.59 

0.3 
0.4 
0.6 

.09 
.05 
.01 

.81 
.78 
.75 

.90 
.88 
.80 

1.00 
1.00 
1.00 

1.02 
1.04 
1.00 

.99 
1.02 
1.06 

.93 

.97 

1.01 

.80 
.90 
.94 

.79 
.83 
.88 

.04 
.09 
.74 

0.0 
0.7 
0.8 

.58 
.54 
.fiO 

.72 
.69 
.00 

.84 
.82 
.80 

1.00 
1.00 
1.00 

1.08 
1.10 
1.12 

1.08 
1.11 
1.14 

1.06 
1.09 
1.13 

.99 
1.03 
1.08 

.93 

.98 

1.02 

.79 
.84 
.89 

0.9 
1.0 
1.1 

.40 
.42 
.38 

.03 
.01 
.58 

.78 
.77 
.75 

1.00 
1.00 
1.00 

1.14 
1.10 
1.18 

1.17 
1.20 
1.23 

1.17 
1.20 
1.24 

1.13 
1.17 
1.21 

1.07 
1.12 
1.17 

.94 

.99 

1.04 

1.2 
1.3 
1.4 

.34 
.30 
.20 

.55 
.52 
.49 

.73 
.71 
.09 

1.00 
1.00 
1.00 

1.19 
1.21 
1.23 

1.20 
1.29 
1.32 

1.28 
1.32 
1.30 

1.20 
1.31 
1.35 

1.22 
1.27 
1.31 

1.09 
1.14 
1.19 

1.5 
1.0 
1.7 

.22 
.18 
.14 

.40 
.43 
.40 

.07 
.05 
.03 

1.00 
1.00 
1.00 

1.25 
1.27 
1.29 

1.35 
1.38 
1.41 

1.40 
1.44 
1.48 

1.39 
1.44 
1.48 

1.30 
1.41 
1.40 

1.24 
1.29 
1.34 

1.8 
1.9 
2.0 

.10 
.07 
.08 

.37 
.34 
.31 

.01 
.59 
.67 

1.00 
1.00 
1.00 

1.31 
1.33 
1.35 

1.44 
1.47 
1.60 

1.61 
1.65 
1.69 

1.63 
1.58 
1.02 

1.60 
1.65 
1.00 

1.39 
1.44 
1.49 

2.1 
2.2 
2.3 

-.01 
-.06 
-.09 

.28 
.25 
.22 

.55 
.53 
.51 

1.00 
1.00 
1.00 

1.37 
1.39 
1.41 

1.63 
1.50 
1.59 

1.03 
1.07 
1.71 

1.00 
1.70 
1.76 

1.05 
1.70 
1.76 

1.54 
1.59 
1.64 

2.4 
2.6 
2.0 

-.13 
-.17 
-.21 

.19 
.10 
.13 

.49 
.47 
.45 

1.00 
1.00 
1.00 

1.43 
1.45 
1.47 

1.02 
1.04 
1.07 

1.75 
1.79 
1.83 

1.80 
1.84 
1.88 

1.79 
1.84 
1.89 

1.09 
1.74 
1.79 

2.7 
2.8 
2.9 

-.25 
-.29 
-.33 

.30 
.07 
.04 

.43 
.41 
.39 

1.00 
1.00 
1.00 

1.49 
1.61 
1.63 

1.70 
1.73 
1.70 

1.87 
1.91 
1.90 

1.93 
1.98 
2.02 

1.94 
1.98 
2.03 

1.84 
1.89 
1.94 

3.0 
3.1 
3.2 

-.30 
-.40 
-.44 

-.01 
-.02 
-.05 

.37 
.30 
.34 

1.00 
1.00 
1  00 

1.56 
1.57 
1.68 

1.79 
1.82 
1.86 

1.99 
2.03 
2.04 

2.00 
2.11 
2.15 

2.08 
2.13 
2.18 

1.99 
2.04 
2.09 

3.3 
3.4 
3.5 

-.48 
-.52 
-.60 

-.08 
-.11 
-.14 

.32 
.30 
.28 

1.00 
1.00 
1.00 

1.00 
1.02 
1.04 

1.88 
1.91 
1.94 

2.10 
2.14 
2.18 

2.20 
2.24 
2.29 

2.23 
2.27 
2.32 

2.14 
2.19 
2.24 
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Table  IV.— V«li 


Power  Fmaton  of  Receiver. 

Raaetanoe 
Faotora. 

Currant  Leading. 

Current  Tiftgging. 

<i. 

90 

95 

98 

100 

98 

95 

00 

85 

80 

70 

0.0 
0.1 
0.2 

.001 
.001 
.002 

.001 
.001 
.001 

.000 
.000 
.001 

.000 
.000 
.000 

.000 
.000 
.000 

.001 
.000 
.000 

.001 
.000 
.000 

.001 
.001 
.001 

.001 

001 

.001 

.002 
.001 
.001 

0.3 
0.4 
0.5 

.002 
.003 
.003 

.002 
.002 
.003 

.001 
.002 
.002 

.000 
.001 
.001 

.000 
.000 
.000 

.000 
.000 
.000 

.000 
.000 
.000 

.000 
.000 
.000 

.000 
.000 
.000 

.001 
.000 
.000 

0.0 
0.7 
0.8 

.003 
.004 

.oa^ 

.003 
.004 

.oa^ 

.003 
.004 
.005 

.002 
.002 
.003 

.000 
.001 
.001 

.000 
.000 
.001 

.000 
.000 
.000 

.000 
.000 
.000 

.000 
.000 
.000 

.(MX) 
.000 
.000 

0.0 
1.0 
1.1 

.006 
.007 
.008 

.006 
.006 
.007 

.006 
.006 
.007 

.004 
.005 
.006 

.002 
.002 
.003 

.001 
.002 
.002 

.001 
.001 
.001 

.000 
.001 
.001 

.000 
.000 
.000 

.000 
.000 
.(KK) 

1.2 
1.3 
1.4 

.009 
.010 
.011 

.008 
.010 
.011 

.008 
.009 
.011 

.007 
.008 
.009 

.004 
.005 
.006 

.003 
.003 
.004 

.002 
.002 
.003 

.001 
.001 
.001 

.000 
.000 
.001 

.000 
.000 
.(KK) 

1.5 
1.6 
1.7 

.013 
.014 
.016 

.013 
.014 
.016 

.012 
.014 
.015 

.010 
.011 
.013 

.007 
.008 
.009 

.005 
.006 
.007 

.008 
.004 
.004 

.002 
.002 
.003 

.001 
.001 
.002 

.000 
.000 
.(KK) 

1.8 
1.9 
2.0 

.017 
.018 
.020 

.018 
.019 
.021 

.017 
.019 
.021 

.015 
.016 
.018 

.011 
.012 
.013 

.008 
.009 
.010 

.006 
.006 
.006 

.0(X{ 
.003 
.004 

.002 
.002 
.008 

.000 
.000 
.001 

2.1 
2.2 
2.3 

.022 
.023 
.025 

.023 
.025 
.027 

.023 
.025 
.027 

.020 
.022 
.024 

.015 
.016 
.017 

.011 
.012 
.014 

.007 
.008 
.009 

.005 
.006 
.006 

.(XI3 
.003 
.004 

.001 
.001 
.002 

2.4 
2.5 
2.6 

.027 
.029 
.032 

.029 
.081 
.084 

.030 
.082 
.034 

.026 
.028 
.030 

.019 
.021 
.023 

.015 
.017 
.018 

.010 
.011 
.012 

.007 
.008 
.009 

.006 
.005 
.006 

.002 
.002 
.003 

2.7 
2.8 
2.9 

.034 
.036 
.088 

.036 
.089 
.041 

.037 
.040 
.042 

.033 
.035 
.037 

.024 
.026 
.028 

.020 
.021 
.023 

.013 
.015 
.016 

.010 
.010 
.011 

.006 
.007 
.006 

.003 
.003 
.004 

3.0 
3.1 
3.2 

.040 
.042 
.045 

.044 
.046 
.049 

.045 
.047 
.060 

.040 
.042 
.045 

.030 

.as3 

.035 

.024 
.026 
.028 

.018 
.019 
.020 

.012 
.013 
.014 

.009 
.009 
.010 

.004 
.004 
.005 

3.3 
3.4 
3.5 

.048 
.051 
.053 

.052 
.055 
.050 

.063 
.066 
.060 

.048 
.051 
.054 

.038 
.040 
.043 

.030 
.032 
.034 

.021 
.023 
.024 

.015 
.017 
.018 

.011 
.012 
.013 

.005 
.006 
.000 
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Using  the  same  notation  as  i^ven  on  page  364«  puttins  R  for  the  total 
resistanoe  and  X  (  ^  tiR)  for  the  total  reactanee  of  eaon  leg  of  the  line. 


Decrease  in  per) 
oent    pressures    p— 
drop  ) 

Decrease   in  per)  ^. 
oent  power  Iocs ) 


Three  Phase. 


IWbX 


2at  - 


*»Q 


where  a  ■■  100  bR  and  ( is  the*  tangent  corresponding  to  the  cosine  k.  (See 
p.  276.)  The  true  regulation  of  the  line  is  then  P  —  p,  and  the  true  per 
cent  power  loss  is  Q  —  q,P  and  Q  being  calculated  by  the  formuls  given 
on  pages  264  and  266.  These  formuls  are  approximate,  being  deduced  on 
the  assumption  that  the  line  capacity  can  be  reDresented  by  a  condenser  <^ 
half  the  capacity  of  the  line  shunted  across  the  une  at  each  end,  but  they 
are  sufficiently  accurate  for  any  case  likely  to  arise  in  practice.  It  is  to  be 
noted  that  tne  chan^se  in  regulation  is  mdependent  of  the  load  and  the 
power  factor,  and  is  mdepenoent  of  the  line  resistance;  the  diange  in  the 
per  cent  power  loss  varies  with  both  the  load  and  the  power  factor.  . 

IMreci  GMiraat,  Tluwe- Wire  M^mtmmt,  —  Figure  the  weii^t  and 
eross  section  of  the  outer  conductors  as  if  the  middle  or  neutral  wire  was 
not  present,  putting  E  ■■  volts  between  outside  wires.  The  neutral  wire 
is  usually  taken  from  one-third  to  full  sise  of  each  outer  conductor.  The 
totril  weight  of  copper  required  will  therefore  be  one-sixth  to  one-half 
greater  than  the  w«ght  determined  by  the  above  formula. 

Vwo-Pbaee,  Fenr- W^lre  S jaiem.  —  Treat  each  phase  separately, 
remembering  that  half  the  power  is  delivered  by  each  phase,  uid  E  «■ 
volts  between  diametrically  opposite  wires. 

Two«PluMe,  Tlire«-wtre  Syvtoai. — 


Let 
B 
V 


pressure  between  each  outer  and  nuddle  wire  at  receiving  end  in  volts, 
pressure  between  each  outer  and  middle  wire  at  generating  end  in 

volts. 
Other  symbols  as  above. 


Then  for  equal  rise  of  temperature  in  the  three  conductors  the  following 
formulae  hold.^  (The  total  weight  of  conductor  required  for  this  condition 
is  only  a  fraction  of  one  per  cent  greater  than  for  the  condition  of  maximum 
economy.) 


Cross  section    of  each) 
outer  wire  in  million  \  At  <^ 
CM.  ) 

Cross  section  of  middle  \a^ 
wire  in  million  CM.    /  ^* 

Total  weight  in  pounds    vf  — 
Total  weight  in  pounds    w   » 


Copper. 

100  %  conduc- 
tivity. 

20**  Centigrade 
or  68"  F. 


0.93F 

1.26ili 

9.85ZXt 
9.16/1? 


Aluminum. 
62  %  conduc- 
tivity. 
20**  Centigrade 

or  68*  F. 


1.50F 

1.26i4j 

2.97Zi4i 
4.45/F 


Any  liaterial. 
p-microhma 

per  cu.  in. 
B  -a  lbs.  per 

cu.  in. 


\.Z7pP 

1.26Ai 

30.7«Ai 
42.I1MF 


On  the  B.  A  S.  gauge  the  middle  wire  is  larger  than  each  outer  by  one 
number  (see  p.  145). 
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Tw«  •r  Hiere  Circuits  fa  A«rl 

The  above  formubD  and  tables  are  aiao  applicable  to  the  eaie  of  two  or 
more  eirouits  in  serieB,  i.e.,  a  tranamission  line  and  transformer,  if  we  put 

R  ■■  fli  +  R%  +  .  • .  . 

•     ^^  n  •     •   •    •    • 

where  Rf  Rt,  ete.,  are  the  reoistanoeB  oi  the  seiparate  eirouite  and  tu  fa*  etc., 
are  the  reactance  factors  oi  the  separate  dromts. 


WCmmtULCAM.    KXAMPUIBA    OV    CA]X)17IiAVKOVS,   •« 

BI«HIT,  CKOftS  SBCVIOlf »  BTC. 


IMveet  Cvrrmity  Xwo-Wlre  Sjetoak 

CopPKB  Wzaaii 
• 

Given  IF  -  40  kilowatts. 

£  «*  200  volts. 
Z  -  500  feet. 
Q  —  6  per  cent. 

--^  500X40 

"^  '^  (200)  >        "•*• 

Crocs  section  A  -  ?'Q^X0.5  „  q  2O8  million  O.M. 

o 

The  nearest  commercial  siie  is  No.  0000  B.  &  S.  (see  Table  II)  which  hab 
an  area  of  0.212  million  CM. 
Total  wcisht  of  copper  w  —  6.06  X  600  X  0.212  —  641  pounds. 

D  1  r»       2.08  XO.5       .  rt«  . 

Power  loss  Q  —  — o~2l2 —  *"  '**''  ®*° 

PrsMure  drop  P  —  Q  —  4.92  per  cent. 

Pressure  at  seneratinff  end  —  1.0492  X  200  —  209.84   volts. 

JDIrect  Owrreat,  Ttare«-irti«  Byttmrnt, 


Take  the  same  constants  as  in  the  preoedins  ease,  considering  S  ■■  200 
volts  as  the  pressure  between  outer  wires.  If  the  neutral  wire  is  to  be  half 
the  siae  of  CMh  outer,  the  total  weight  of  copper  required  will  be 

641  +  ^-801  pounds. 

When  the  ssratem  is  balanced  there  will  be  no  current  in  the 'neutral  wire 
ftnd  the  regulation  and  efficiency  will  be  the  same  as  above.  If  one  ride 
of  the  system  is  fully  loaded,  and  the  other  ride  not  loaded  at  all,  the  volts 
driH)  in  the  loaded  outer  will  be  the  same  as  if  the  system  was  balanced, 
rinee  the  same  current  flows,  and  the  volts  drop  in  the  neutral  will  be  twice 
the  drop  in  the  outer  tetme  current  and  double  reristance);  hence  total  drop 
win  be  14.8  volts  in  100  volts  or  14.8  per  cent.  The  power  loss  will  also  be 
14.8  per  cent  or  3.96  kilowatts. 
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GoppsB  WiRss  Spagbd  3  E^BT  Afabt. 

QiTeo  /  >-  25  ovdeB  per  second. 

IF  "  500  kilowatts. 

S  -  10.000  volta. 

I  -  45,000  feet. 

k  —  0.9,  i.e.,  90  per  oant  powv  faetor. 
Q  >«  10  per  cent. 

TK-n  P «     45.000X500        ^  -^ 

^•°  ^  "  (0.9  X  10.000)«  -  ^'^' 

Crow  section  A  -  ^'^  XO'278  _  q  ^g^g „jyj^  CJf . 

The  nearest  oomxnerolal  siie  is  No.  2  B.  ft  S.  (Table  II),  which  has  an  area 
of  0.0664  mUUon  CM. 

Total  weight  of  copper      w  -  6.06  X  45.000  X  0.0664  -  18,100  lbs. 

ti       ^  I  ^       2.08  X  0.278       o  _, 

Exact  power  loss  Q  —  — ^  q^q. —   —  8.71  per  coit. 

Reactance  factor  (.  -  ^^  -  0.36.  (Table  11). 

4 

Therefore  ilf  -  0.95  (Table  III). 

N  -  0.000.  (Table  IV). 

Then,  neglecting  the  capacity  of  the  line^ 

Pressure  drop  P  —  0.05  X  8.71  —  8.27  per  cent. 

Pressure  at  generatmg  end  —  1.0827  X  10,000-  10,827  volts. 


CopPBC  WiBBs  Spacbd  3  Fbbt  Apart. 

Given  /  —  25  cycles  per  second. 

IT  -  600   kilowatts. 

B  -  10,000  volts. 

I  -  45,000  feet. 

k  —  0.9.  i.e.,  90  per  cent  power  factor. 

Q  B  10  per  cent. 
Then 


F" 


45,000  XfiOO    _  ^  07P 
(0.9  X  10.000)*      "•       • 


Cross  section  of  outers  At  -  Q-^  X0.278  _  q  q259  million  CM. 

The  nearest  commercial  sise  is  No.  6  B.  ft  S.  (Table  II)  which  has  an  area 
of  0.0263  million  CM.    The  middle  wire  must  therefore  be  No.  5  B.  ft  S. 

Total  weight  of  copper    w  -  9.85  X  45,000  X  0.0263  -  11,600  lbs. 

i:'        *  I  r^        ^-^  XO.278         .  ^ 

Exact  power  loss  Q  —  — q  q^^o ~  ^'^  PW  <«>t. 

The  pressure  loss  will  depend  upon  bow  the  wires  are  arranged  on  tfa« 
poles.  As  a  first  approximation  for  any  ordinary  arrangement,  the  reao* 
tance  of  each  phase  can  be  considered  the  same  as  in  a  sina^e  phase  system 
with  wires  6f  Uie  same  cross  section  as  the  outer,  spaced  a  distanoe  apart 
equal  to  that  between  each  outer  and  the  middle  wire. 

From  Table  II  tiie  reactance  factor  of  a  No.  6  wire  oorresponding  to  a 
three-foot  spacing  and  25  cycles  is 

,..2^_0.16. 
Whenoe  U  -  0.87. 
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Tlian  n^eeting  the  capacity  of  the  line,  and  using  the  approximate 
fonnula  P  -  MQ, 

Prenuredrop  P  -  9.87  X  0.87  —  8.69  per  cent. 

Prenure  at  generating  end      -  1.0859  X  10,000  —  10,850  volts. 


OoFPBR  WiHBS  SpAcan  6  Fbbt  Afabt. 

Given  /    —  00  cycles  per  second. 

W  -  10,000  kilowatts. 
B  -  60.000  volts. 
I     "  400.000  feet. 

ib    "0.85,  i.e.,  85  per  cent  powv  factor. 
Q   "-  12  per  cent. 

Th-«  w  -  400.000  X  10.000      ,   _. 

^**  ^        (0.85x60.000)t"^-"' 

Croflsseetion  A  -    ^  ^  X  104    ..  q.  133  miUion  CM. 

The  nearest  commercial  sise  is  No.  00  (see  Table  II),  which  has  an  area 
of  O.lSSmiUionC.M. 

Total  weight  of  copper    to   ->  9.00  X  400,000  X  0.133  -  484,0001b. 

Neglectino  Une  capacity. 

Exact  power  loss  Q  -  ^'%^^^  -  12  per  cent. 

Reaetanoe  factor  <,    »  3.06  X  0.6  -  1.84. 

ThArefore  M  »  1.55. 

AT  -0.003. 
Pressure  drop  P  -  1.55  X  12  +  [0.003  X  (12)*]  -  19.0. 

Bff0ct  of  line  eajtaeity  (see  p.  204). 

6    -  .00000069  X  0.6  X  400  -  0.000214. 

(Table  V). 

R  -  0.0778  X  400  -  31.1    (Table    II). 

X  -  1.84X31.1  -  57.2. 


Deerease  in  per  cent  pressure  drop  —  p  «>  100  X  0.000214  X  57.2  —  1.2. 

a    -100x0.000214x31.1-0.67. 
t  -  0.62. 

Decrease  in  per  cent  power  loss -9 —2X0.67  X  0.62—  /q  85)»X12  "  ^'^ 

Wnenoe 

True  pressure  drop  —  19.0  -  1.2  —  17.8  per  cent. 

True  power  loss  -  12.0  -  0.8  -  11.2  P«r  cent. 

PkeHure  at  generating  end         -  1 .  173  X  60,000  -  70.680  volts. 
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TRAirsfluuMioir  liOnB  of  Knoinv  gomstavts. 

The  following  formuUe  and  tables  give  an  exact  method  of  calculating 
the  efficiency  and  regulation  of  a  transmiaeion  line  of  known  oonstanta. 
in  terms  of  the  pressure  between  adjacent  wires  at  the  generating  end  of 
line. 


Given: 


Required: 


cos  A 
R 
X 

Z 

E 

I 

H 


The  kind  of  system,  direct  or  alternating, 

—  number  of  phases,  for  the  **  single  phase  "  system  n  —  2. 
*-  frequency  in  cycles  per  second. 

■■  pressure  between  adjacent  wires  at  generating  end,  in  volts. 
W  ■■  power  delivered  in  watts. 

-■  power  factor  of  load  at  receiving  end. 

■■  resistance  of  each  wire  in  ohms. 

■■  inductive  reactance  of  each  wire  in  ohms. 


r» 

4 


—  y/B^-\-X^  —  impedance  of  each  wire. 

"■  pressure  between  adjacent  wires  at  receiving  end  in  volts. 

■■  current  per  wire  in  amperes. 

»  total  x>ower  lost  in  watts. 
The  values  of  E,  I,  and  H  are  given  in  the  table  on  p.  275.    For  approx- 
imate calculations  J  can  be  taken  equal  to  unity;  the  exact  value  of  /  is 
givMi  in  the  table  below. 


ITalnea  of  jr. 


e 

000 

.001 

.002 

.003 

.004 

.005 

.006 

.007 

.008 

.009 

.00 
.01 
.02 
.03 
.04 
.05 

1.0000 
1.0001 
1.0004 
1.0009 
1.0016 
1.0025 

1.0000 
1.0001 
1.0004 
1.0010 
1.0017 
1.0026 

1.0000 
1.0001 
1.0005 
1.0010 
1.0017 
1.0027 

1.0000 
1.0002 
1.0005 
1.0011 
1.0018 
1.0028 

1.0000 
1.0002 
1.0006 
1.0012 
1.0019 
1.0029 

1.0000 
1.0002 
1.0006 
1.0012 
1.0020 
1.0030 

1.0000 
1.0003 
1.0007 
1.0013 
1.0021 
1.0031 

1.0000 
1.0003 
1.0007 
1.0014 
1.0022 
1.0032 

1.0001 
1.0003 
1.0008 
1.0014 
1.0023 
1.0034 

1.0001 
1.0004 
1.0008 
1.0015 
1.0024 
1.0035 

e 

.000 

.002 

.004 

.006 

.008 

s 

.000 

.002 

.004 

.006 

.008 

.06 

1.004 

1.004 

1.004 

1.004 

1.005 

.29 

1.102 

1.104 

1.106 

1.108 

1.110 

.07 

1.005 

1.005 

1.005 

1.006 

1.006 

.30 

1.111 

1.113 

1.115 

1.117 

1.119 

.08 

1.006 

1.007 

1.007 

1.007 

1.008 

.31 

1.121 

1.123 

1.125 

1.127 

1.129 

.09 

1.008 

1.008 

1.009 

1.009 

1.010 

.32 

1.131 

1.133 

1.135 

1.137 

1.139 

.10 

1.010 

1.010 

1.011 

1.011 

1.011 

.33 

1.141 

1.143 

1.146 

1.149 

1.151 

.11 

1.012 

1.012 

1.013 

1.013 

1.014 

.34 

1.154 

1.156 

1.158 

1.161 

1.163 

.12 

1.014 

1.015 

1.015 

1.016 

1.017 

.35 

1.167 

1.169 

1.171 

1.174 

1.177 

.13 

1.018 

1.018 

1.019 

1.019 

1.020 

.36 

1.180 

1.183 

1.186 

1.189 

1.192 

.14 

1.021 

1.021 

1.022 

1.022 

1.023 

.37 

1.195 

1.199 

1.202 

1.206 

1.209 

.15 

1.024 

1.024 

1.025 

1.025 

1.026 

.38 

1.213 

1.216 

1.220 

1.224 

1.227 

.16 

1.027 

1.027 

1.028 

1.029 

1.030 

.39 

1.231 

1.234 

1,2:^ 

1.242 

1.246 

.17 

1.031 

1.0S2 

1.032 

1.033 

1.034 

.40 

1.2'K) 

1.254 

1.258 

1.263 

1.267 

.18 

1.034 

1.035 

1.030 

1.087 

1.038 

.41 

1.272 

1.276 

1.280 

1.285 

1.290 

.19 

1.030 

1.040 

1.041 

1.042 

1.043 

.42 

1.296 

1.301 

1.307 

1.312 

1.318 

.20 

1.044 

1.046 

1.040 

1.046 

1.047 

.43 

1.324 

1 .330 

1.336 

1.342 

1.349 

.21 

1.048 

1.049 

1.050 

1.051 

1.052 

.44 

1.356 

1.363 

1.370 

1.377 

1.385 

.22 

1.053 

1.054 

1.05C 

1.057 

1.058 

.45 

1.393 

1.401 

1.410 

1.409 

1.428 

.23 

1.059 

l.OGl 

1.062 

1.063 

1.065 

.46 

1.437 

1.447 

1.467 

1.468 

1.479 

.24 

1.066 

1.067 

1.068 

1.070 

1.071 

.47 

1.491 

1.504 

1.518 

1.5321.647 

.25 

1.072 

1.074 

1.075 

1.076 

1.078 

.48 

1.563 

1.58011.599 

1.620  1.643 

.26 

1.079 

1.081 

1.082 

1.083 

11.0841 

.49 

;1.668 

1.697 

1.733 

1.778 

1.836 

.27 

1.086 
1.094 

1.087 
1.096 

1.089 
1.098 

1.090.1  0021 

.50  1 

2.000 

.28 

1.099 

i.iool 
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K 

0.000 

0.002 

0  00 
0  01 
0  02 

100 
60.0 

600 
83.3 
46.4 

0  03 
0  04 
0  06 

33.3 
25.0 
20.0 

31.2 
23.8 
19.2 

0  06 
0  07 
0  OR 

16.6 
14.8 
12.6 

16  1 
13.8 
12.2 

0  00 
0.10 
0.11 

11.1 
9.96 
9.03 

10.8 
9.75 
8.87 

0  12 
0  13 
0.14 

8.27 
7.63 
7.07 

8.14 
7.51 
6.97 

0.16 
0.16 
0.17 

6.60 
0.17 
6.80 

6.60 
6.09 
6.73 

0.18 
0.19 
0.20 

6.47 
6.17 
4.90 

6.40 
6.11 
4.86 

0  21 
0.22 
0.23 

4.66 
4.43 
4.23 

4.61 
4.30 
4.19 

0.24 
0.25 
0.26 

4.05 
3.87 
3.71 

4.01 
3.84 
3.68 

0.27 
0.28 
0.29 

3.67 
8.43 
8.30 

8.M 
3.40 
3.28 

0.90 
0.81 
0.32 

8.18 
8.07 
2.96 

8.16 
3.05 
2.94 

0  33 
0.34 
0.36 

2.86 
2.77 
2.68 

2.84 
2.76 
2.66 

0  36 
0.37 
0  88 

2.59 
2.61 
2.43 

2.68 
2.50 
2.42 

0.39 
0.40 
0.41 

2.36 
2.29 
2.22 

2.36 
2.28 
2.21 

0.42 
0.43 
0.44 

2.16 
2.10 
2.04 

2.15 
2.09 
2.03 

0.45 
0.46 
0.47 

1.98 
1.93 
1.88 

l.OT 

1.92 
1.87 

0.48 
0.49 

1.83 
1.78 

1.82 
1.77 

0.004 


260 
71.4 
41.6 

29  4 
22.7 
18.6 

16.6 
13.6 
11.9 

10.6 
9.66 
8.71 

8.00 
7.40 
6.87 

6.42 
6.02 
6.66 

6.34 
6.06 
4.80 

4.66 
4.86 
4.15 

8.97 
3.81 
3.65 

3.61 
8.38 
8.25 

3.13 
3.02 
2.92 

2  82 
2.73 
2.64 

2  66 
2.48 
2.40 

2.33 
2.26 
2.20 

2.14 
2.08. 
2.02 

1.96 
1.91 
1.86 

1.81 
1  76 


0.006 

0.008 

167 
62  6 
38  4 

126 
55  6 

85  7 

27  7 
21  7 
17.8 

26  8 
20  8 
17  2 

16  1 
13.1 
11.6 

14  7 
12  8 
11  3 

10.4 
9  38 
8.66 

10  2 
9  21 
8.41 

7.87 

7  28 

.6.78 

7  75 
7  18 
6  68 

6.33 
5.94 
5.50 

6  26 
6.87 
6.53 

6.28 
6  00 
4  75 

6.22 
4  95 
4  70 

4  62 
4  81 

4.12 

4  48 

4  27 
4.08 

8.94 
3.78 
3.62 

3  91 
3  75 
3.59 

8.48 
8.36 
3.23 

3  46 
8  33 
3.20 

3.11 
3.00 
2.90 

3.09 
2  98 
2.88 

2  80 
2.71 
2  63 

2  78 
2.69 
2.61 

2.64 
2.46 
2  39 

2.63 
2.45 
2.38 

2  32 
2.25 
2.19 

2.30 
2.24 
2.17 

2.12 
2.06 
2.01 

2.11 
2.05 
2.00 

1.95 
1.90 
1.85 

1.94 
1.89 
1.84 

1.80 
1  75 

1.79 
1.74 

0  50 
0  51 
0.52 

0.63 
0.54 
0.56 

0.66 
0.67 
0.58 

0.59 
0.60 
0.61 

0.62 
0.63 
0.64 

0.66 
0.66 
0.67 

0.68 
0.69 
0.70 

0.71 
0.72 
0.73 

0.74 
0.75 
0.76 

0.77 
0.78 
0.79 

0.80 
0.81 
0.82 

0.83 
0.84 
0.86 

0.86 
0.87 
0.88 


0. 

0 

0. 

0. 

0 

0. 


89 
90 
91 

92 
93 
94 


0.95 
0  96 
0  97 

0  98 
0  90 


0.000 


782 
687 
643 

600 
659 
619 

479 
442 
404 

868 
333 
299 

266 
233 
201 

160 
138 
106 

078 
049 
020 

092 
964 
936 

900 
882 
866 

829 
802 
776 

760 
724 
698 

672 
646 
620 

608 
567 
640 

612 
489 
466 

426 
395 
363 

329 
292 
251 

203 
143 


0.002 


1.723 
1  678 
1.634 

1  602 
1  650 
1.611 

1.471 
1  434 
1.397 

1.861 
1.326 
1.292 

1.260 
1.226 
1.194 

1.168 
1.132 
1.102 

1.072 
1.043 
1.016 

0.986 
0.968 
0.931 

0.904 
0.877 
0.860 

0.823 
0.797 
0.771 

0.746 
0.719 
0.603 

0.667 
0.641 
0.614 

0.688 
0.661 
0.534 

0.507 
0.470 
0.460 

0.420 
0.389 
0.866 

0.321 
0.284 
0.242 

0.192 
0.127 


0.004 


1.714 
1.660 
1.626 

1.583 
1.542 
1.603 

1.464 
1  427 
1.390 

1.364 
1..819 
1.286 

1  262 
1.220 
1.188 

1.167 
1.126 
1.096 

1.067 
1.037 
1.000 

0  981 
0.053 
0.926 

0.896 
0.871 
0.845 

0.818 
0.792 
0.766 

0.740 
0.714 
0.688 

0.662 
0.635 
O.60O 

0.663 
0.666 
0.629 

0.601 
0.473 
0.444 

0.414 
0  383 
0.360 

0.314 
0.276 
0.232 

0  181 
0.110 


0.006 


706 
660 
617 

676 
634 
486 

467 
419 


347 
313 
279 

246 
218 
181 

161 
120 
090 

061 
032 
008 

976 
947 
920 


866 
839 

818 
787 
760 

734 
706 


666 
630 
604 

677 
561 
523 

496 
467 
438 

408 
376 
343 

307 
268 
223 

169 
090 


0.006 


1.6U6 
1.661 
1.606 

1.667 
1.526 
1.487 

1.440 
1  412 
1  376 


340 
306 
272 


907 
178 

144 
114 
064 

066 
026 
907 


942 
914 

887 
860 
834 

808 

781 
766 

729 
703 
677 

651 
626 


672 

646. 

518 

400 
461 
432 

401 
370 
336 


250 
213 

156 
063 


Note:  Tbie  table  l»  to  b«  used  like  a  table  of  logarithmii,  f.  g.^  the  reao* 
uice  factor  corresponding  to  the  power-factor  ib«^ 0.816  is  <«  0  708. 
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Ai.¥«iB¥,  TOSTmuimoir. 

When  tb»  tnuiaUtinc  devioes,  whether  Umps  or  moton,  are  seattered 
over  a  oonaideiable  area,  the  usual  method  of  supplying  them  with  power 
k  to  run  a  single  feeder  to  acme  point  near  the  **  center  of  gravity  "  of 
the  load,  and  from  this  center  run  out  branches  to  feed  groups  of  lamDs  or 
moton  in  parallel.  The  center  of  gravity  of  the  load  can  be  if  dily  aeter* 
mined  as  foUows: 

L«t  Wi.  wb.  t«h  eto. 

represent  the  individual  loads. 

and  Xx,  x%x§,  ete. 

ud  '    Vt,U%U%  etc.* 

represent  the  distances  of  these  loads  from  any  two  fixec}  lines  OX  and  OY 
at  right  angles  to  ea<di  other.  Then  the  center  of  gravity  is  that  point  which 
Is  the  distance 

X.  -  ^«"^+/^+^+   '"   tzoni  OX 

and  Y^^yxy>^  +  inm+  y^-\-  ■ .  t^oY. 

The  center  of  gravity  of  the  load  is  by  no  means  always  the  most  economi- 
osl  location  for  the  center  of  distribution,  as  considerations  of  the  relative . 
eost  of  establishing  the  eenter  at  this  point  in  comparison  with  the  cost  at 
other  points,  the  probable  change  in  tne  distribution  of  the  load  with  the 
growth  of  the  system,  etc.,  have  all  to  be  taken  into  account. 

The  general  scheme  of  feeders,  centers  of  distribution,  and  branches 
can  be  developed  still  further,  and  sub-centers,  sub-feeders,  etc.,  estab- 
lished, until  a  point  is  reached  where  the  saving  in  the  cost  <A  copper  is 
balanoed  by  the  increase  in  the  cost  of  the  centers  of  distribution. 


CalcalattOM  of  Croae  Aecttmi,  ^Teirlit,  *c 


When  a  transmission  line  is  loaded  at  more  than  one  point,  the  conductor 
should  have  such  dimensions  that  the  pressure  drop  at  the  end  of  the  Une, 
when  the  line  is  supplying  the  maximum  load  at  eacn  x>oint,  shall  not  exoeea 
a  given  amount,  whether  the  conductor  shall  be  made  of  uniform  section 
thnmidiout  the  length  of  the  line,  or  be  reduced  in  sise  as  the  current 
carried  diminishes,  will  depend  on  the  relative  amounts  of  energy  sup- 
plied at,  and  the  distances  between,  the  various  points  at  which  the  line  is 
loaded.  Below  will  be  found  fortnulaB  for  determining  the  weight  and 
cross  section  of  a  line  of  uniform  otoss  section,  and  having  no  rtoOance^ 
supplying  a  distributed  load.  When  the  line  has  no  inductive  reactance 
the  weight  and  cross  section  of  the  conductor  for  a  given  pressure  drop 
are  to  a  close  approximation  independent  of  the  power  factor  of  the  loads 
at  the  various  points.  When  the  line  has  reactance,  the  formulsD  will  sive 
only  a  first  approximation  to  the  correct  wei^t  and  cross  section.  The 
error  involved  can  be  determined  by  considenns^  each  section  of  the  line 
separately,  and  calculating  the  drop  in  each  section,  assuming  the  dimen- 
■ions  given  by  the  approximate  formulas.  (See  page  264.)  If  the  pressure 
drop  at  the  end  of  the  line  thus  calculated  diners  considerably  from  the 
permissible  drop  given,  choose  a  larger  «tse  wire  and  make  another,  trial 
ealeulation,  etc.,  until  the  proper  sise  is  found. 
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In  the  figure  let  O  be  the  generating  end  of  the  line;  /  the  far  end  of  line 


Given: 

S  »  pressure  between  adjacent  wires  at  far  end  of  line  in  volte. 
Wu  Wt,  Wm,  etc.,  the  loads  in  kilowatts  at  the  points  1,  2,  3,  ete. 
Ut  4*  Ih,  etc.,  the  distances  of  these  points  Jrom  the  generating  end  in 

feet. 
P  —  per  cent  pressure  drop  at  far  end  of  line  in  tenns  of  delivered 

pressure. 
Required: 

A  »  cross  section  of  each  wire  in  million  CM. 
w  ■•  total  weii^t  of  conductors  in  pounds. 

Put 


W 
I 

F 


TTi  +  TFj  +  TTa  +  . . .  total  power  delivered  in  kilowatts. 

Zi  +  Is  +  {(  +  .. .  total  length  of  circuit  (length  of  each  wire)  in  feet. 


Then,  for  a  line  having  no  reaetancB : 


A  - 

w  — 

w  — 
A  - 

ID   — 
117   — 

Copper. 
100%  conduc- 
tivity. 
20°  Centigrade. 

Aluminimi. 
62%  conduc- 
tivity. 
20<*Centigrade. 

3.34F 

Any  Haterial. 
pmm  microhms 

per  cu.  in. 
^■»lb8.per 

cu.  m. 

Cross  section  in  million 
CM 

2.08F 

3.06pJP 

Total  weight  of  conduc- 
tors   

Or  total  weight  of  con- 
ductors      

Tkre«  Pliaae. 

Cfnm  section  in  milUon 
CM 

Total  weight  of  conduc- 
tors 

Or  total  weight  of  con- 
ductors      

P 
6.06L1 

12. 6F/ 

P 
1.83U 

6.11^7 

P 
18.9UA 

S7.8ilF 

P 

1.04F 

P 
1.67F 

P 
1.63pF 

P 
9.09U 

9ASFI 

P 
2.741A 

4.5SFI 

P 
28.3IU 

43.2p«F 

P 

P 

P 
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Whoi  ihm  distanoes  between  the  pointa  at  which  the  line  ia  loaded  are 
oonaiderablb,  it  is  usually  advantageous  to  taper  the  conductor ;  the  most 
economical  pressure  drop  per  section  must  be  determined,  and  each  section 
of  the  line  calculated  Independently.  The  following  lormuls  give  the 
meet  economical  division  of  the  drop,  taking  into  account  the  cost  both 
of  conductor  and  insulation.  For  snort  runs  the  saving  in  cost  of  con- 
ductor and  insulation  may  be  more  than  offset  by  the  extra  cost  of  KawHii^^ 
two  or  more  sises  of  wire. 

The  same  notation  as  in  the  preceding  paragraph  is  used.  In  addition, 
let 

Ut  -  Wi-hWm+W9+  . .  .-total  load  in  kilowatts  at  and  beyond  point  1. 
Ui  mm  TT,  4*  ^s  +  . . .  «-  total  load  in  Idlowatta  at  and  beyond  point  2. 
(/t  —  Wf\-  ...»  total  load  in  kilowatts  at  and  beyond  point  3. 
ste. 

Ki  mm  i^  tm  distancc  in  feet  from  generating  end  to  point  1. 
As  »  ^  —  li  ■■  distance  in  feet  between  points  1  and  2. 
Ay  «  2^  —  it  **  distanoe  in  feet  between  points  2  and  3. 
8(o. 
Then  the  most  economical  per  cent  pressure  drop  for  the  ith  saotion  is 


A<v^ 


As  a  rule,  the  sise  of  wire  used  in  wiring  ordinary  buHdingi  for  light 
Uid  power  as  fixed  by  the  permissible  heating  of  the  wire  (see  p.  265)  is  of 
•offident  sise  to  keep  the  pressure  drop  within  the  prescribed  limit,  since 
the  distances  the  wires  are  run  are  oomparativdy  short.  It  is  always  weU, 
however,  to  calculate  the  drop  in  the  heaviest  and  longest  circuits,  to  be 
sure  that  one  is  on  the  safe  side  as  regards  regulation. 


CUmrt  mUI  OTable  far  calc«latl»ir  Alfematlair-CiirrvMt 

l.lm«a. 

Ralph  D.  Msbshok,  in  Amerietm  Blectrieicm. 

The  accompanvlng  table,  and  chart  on  page  282  include  everything  neces- 
sary for  calculating  the  copper  of  alternatmg-current  lines. 

The  terms,  resistance  Toits,  reslstanee  S.1I.F.,  reactance  volts,  and  react- 
ance E.M.F.,  refer  to  the  voltages  for  overcoming  the  back  £.M.F.'s  due  to 
resistance  and  reactance  respectively.  The  following  exunplee  illustrate 
the  use  of  the  chart  and  table. 

Pboblsx. — Power  to  be  delivered.  2B0  k.w.;  E.M.F.  to  be  delivered,  2000 
volts ;  distance  of  transmission,  10,0w  ft.;  sise  of  wire.  No.  0 ;  distanoe  be- 
tween wires.  18  inches ;  power  factor  of  load,  .8 ;  alternations,  7200  per  min- 
ute.   Find  the  line  loss  and  <«rop. 

The  power  factor  is  that  fracnon  by  which  the  apparent  power  or  volt-am- 
peres must  be  multiplied  to  give  the  true  power  or  watts.    Therefore  the 

qypttrent  power  to  be  delivered  Is  — ~^=zZViA  apparent  k.w.,  or  812,600 

volt-amperes,  or  apparent  watts.    The  current,  therefore,  at  2000  volts  wUl  be 

-^^- =  1M.25  amperes.    From  the  table  of  reactances,  under  the  heading 

■*  18  inches,"  and  corresponding  to  No.  0  wire,  is  obtained  the  constant.  .228. 
Bearirg  the  tnetmotioai  of  the  table  in  mind,  the  reaotanoe  volts  of  this 


Th 
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line  are  166.26  (Amperee)  x  10  (thooiands  of  feet)  x  .228  =  866.3  ToHi, 
are  17.8  per  cent  of  the  2000  rolte  to  be  dellTered. 

From  the  column  headed  "  Kesistanoe  Volts,*'  and  oorreeponding  to  No.  6 
wire,  in  obtained  the  constant  ASn,  The  resutanoe  volts  of  the  line  are, 
therefore,  166.25  (amperes)  x  10  (thousands  of  feet)  x  .197 = 307.8  Telts,  which 
are  16.4  per  cent  of  the  2000  volts  to  be  delivered. 

Starting,  in  accordance  with  the  instructions  of  the  sheet,  from  the  point 
where  the  vertical  line,  which  at  the  bottom  of  the  sheet  is  marked  **lioad 
Power  Factor  .8,"  intersects  the  inner  or  smallest  circle,  lay  off  horlaontally 
and  to  the  right  the  resistance  E.M.F.  in  per  cent  (16.4).  and  "  from  the 
point  thus  obtained,"  lay  off  vertically  the  reactance  E.M.F.  in  per  cent 

17.8).    The  last  point  falls  at  about  2S  per  cent,  as  given  by  the  oiroular  ares. 

*"  Is,  then,  is  the  drop  in  per  oent  of  the  E.M,P,  delivered.    The  drop  in  per 

28 
oent  of  the  generator  E.M.F.  is,  of  course,  ^^^         =  18.7  per  cent. 

The  resistance  volts  in  this  ease  being  9Bfiif  and  the  corrent  166.96  am* 
peres,  the  energy  loss  is  807^  x  166.26=48.1  k.w.    The  percentage  loss  is 

48.1 
Smq  Xisl  =  10. 1 .    Therefore,  for  the  problem  taken,  the  drop  is  18.7  per  cent, 

and  the  eneroy  loss  is  16.1  per  cent. 

If  the  problem  be  to  And  the  sise  of  wire  for  agiven  drop,  it  most  be  solved 
by  trial.  Assume  a  sise  of  wire,  and  calculate  the  drop  in  the  manner  aboT» 
indioated ;  the  result  in  oonnectlon  with  the  table  will  show  the  direction 
and  extent  of  the  change  necessary  in  the  sise  of  wire  to  give  the  required 
drop. 

Tne  table  is  made  out  for  7200  alternations  per  minute,  but  wUl  answer 
for  any  other  number.  For  instance,  for  16,000  alternations,  multiply  the 
reactances  by  16000  -f  7200  =  2.22. 

As  an  illustration  of  the  method  of  calculating  the  drop  in  a  line  and  trana- 
former,  and  also  of  the  use  of  the  table  and  chart  in  calculating  low-voltage 
mains,  the  following  example  is  given :  — • 

PnoBLBM. — A  single-phase,  induction  motor  is  to  be  supplied  with  90  aaor 
peres  at  200  volts ;  alternations,  7200  per  minute ;  power  nctor,  .78.  The 
distance  from  transformer  to  motor  Is  160  ft.,  and  uie  line  is  No.  6  wire,  6 
inches  between  centres  of  conductors.  The  transformer  reduces  in  the  rano 
2000  :  200,  and  has  a  capacity  of  26  amperes  at  200  volts ;  when  delivering  this 
current  and  voltage,  its  resistance  E  Jf  .F.  is  as  2.6  per  cent,  and  its  reactance 
E.M.F.  5  per  cent,  both  of  these  constants  being  furnished  by  the  makers. 
Find  the  drop. 

The  reactance  of  1000  ft.  of  circuit,  consisting  of  two  No.  6  wires,  6  Inches 

IfiO 

apart,  is  .204.    The  reactance-volts,  therefore,  are  .204  x  Y^nn  X  20=  .61  volts. 

The  resistance-volts  are  .627  x  -^  X  20  =:  1.88  volts.  At  26  amperes,  the  re- 
sistance-volts of  the  transformers  are  2JS  per  cent  of  200,  or  6  volts.  At  20 
amperee  they  are  ^  of  this,  or  4  volts.    Similarly,  the  transformer  reactance 

volts  at  26  amperes  are  10,  and  at  20  amperes  are  8  volts.  The  combined  re- 
actance-volts of  transformer  and  line  are  8+  .61 =8.61,  which  is  4.3  per  cent 
of  the  900  volts  to  be  delivered.  The  combined  resistance-volts  are  1.88+4, 
or  6.88,  which  is  2.94  per  oent  of  the  E.H  J.  to  be  delivered.  Combining  these 
quantities  on  the  chart  with  a  power  factor  of  .78,  the  drop  is  6  per  cent  of 

the  delivered  E.M.F.,  or  r^  =  4.8  per  oent  of  the  Impressed  E.M  J*.    The 

transformer  must  therefore  be  suppUed  with  2000-h  .962= 2100  volts,  in  order 
that  200  volts  shall  be  delivered  to  the  motor. 

To  calculate  a  fonr-wlre,  two-phased  transmission  drcult,  compute,  as 
above,  the  single-phased  circuit  required  to  transmit  one-half  the  power  at 
the  same  voltage.  The  two-phase  transmission  will  require  two  such 
eircuits. 

To  calculate  a  three-phase  transmission,  compute,  as  above,  a  single-phase 
circuit  to  carry  one-half  the  load  at  the  same  voltage.  The  three-phase 
transmission  will  require  three  wires  of  the  sise  obtained  for  the  singleiphase 
circuit,  snd  with  the  same  distance  (triangular)  between  centres. 

By  means  of  the  table  caloolate  the  ReeUiemct-VoUt  and  the  Reaetame^- 
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9  CDFTflBpondiDC  with  pownr  factor  i^  the  load  in 
:le,  lny  off  In  per  oent  the  rAisUuce  E.M.F.  horiiionl_-, 
m  the  point  liiua  obUined  ky  oS  upward  in  per  cent  thi 


tslly  snd  lo  tbr  ririi 


The  circle  an  which  the  lut  paiat  fnlLi  dvu  the  <ltiip  ia  per  « 
E  Jf  .F,  delivered  ■!  the  and  q(  the  lino.     Evtry  lanth  oirole-uro  i 


siM 

of 
wire 

1 
u 

I 

ill 

of  Wire)  for  One  Ampen  (VMain  Square)    al 
(iveo  between  Ceol^  of  Conductom. 

*' 

>• 

2- 

3' 

0' 

9' 

12- 

18- 

24* 

30- 

..- 

noo 

03» 

.008 

.040 

■ 

,m 

no 

.1.1 

,180 

,1«. 

.212 

,225 

.236 

.241 

000 

607 

m 

.052 

.» 

,116 

.US 

,1.7 

ISS 

,™ 

.217 

.230 

.241 

,2.. 

00 

402 

.IS. 

.057 

.000 

,121 

i» 

,17. 

■» 

204 

.222 

,^9 

,248 

,2.4 

3» 

.187 

.063 

oos 

.127 

.i« 

;^ 

19. 
21-. 

20. 

,22, 

,24. 

,26. 

,2» 

263 

.M8 

.088 

■"" 

,132 

.151 

,220 

,23, 

,248 

- 

,2„ 

201 

.313 

.074 

,108 

,138 

.ISB 

.22, 

,2S2 

,282 

2,0 

IM 

.3W 

.079 

,112 

.143 

.182 
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CONDUCTORS. 


TSANSMiaSION    LINE   CALCULATIONS. 


-JTTW  published  by  Che  Osiiw 

Um  ponnd*  ol  wppar  per  kikimii  dauvand  for  vanooa  paroaiucM  of  power 

1 J  — ? 1- — ^  (Tolti  poT  mile).     1 1  ii  bo  banotn  <h*i 

-'y  pomr  hiotor, 

cent  (rf  Pomr  Dtlivand 


rt^nly  Cm 


i 


aa9;«as-3a88na«a8Kii 

Fa    17 

->n  carrn  (ndlcatOTolt 

.    Weight  ol  copper,  & 


ExFLUiAtTOii :  Flgurea  on  carrn  (ndlcata  TolM  per  mile,  !.«.,  potanHa! 
of  line  dlTided  bj  dliunea.  Weight  of  copper,  potential,  and  line  Io»  are 
In  (emu  of  po««r  dell  Tared  at  end  of  line  fwd  not  of  generKteit  poirer, 
Correa  &re  correct  only  for  100%  power  factor.    Two-pLiue,  ■Ingle-pliaae 
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DSKUUDEBTATSOir  OF  SIZB  OF  COITOlTOTOlUi  VOK 
yAMAltWiM.  DXSTltUiimOir  OF  DKBKCT 

ClTIKJBBlfT. 

Besiatanoe  of  one  olr.^nil-foot  of  pure  hard  drawn  copper  wire 

at20PC.  (68<»F.)(seeDage20q) lO^ohmi 

Beelstance  ox  one  eir.-mn*foot  of  pure  hard  drawn  copper  wire 

at  97J$  per  cent  conductirity 10.8  oluna 

Thus  the  resiitanoe  B  of  any  hard  drawn  copper  conductor  i«, 


and 


or 


Then 


or 


or 


i|«  length  In  feet  X  10.8 
"  cir.  mils  * 

^^^,^  _  lengthJnft«oa<K8 


Let  /  -<  Current  in  amperes  flowing  in  circuit. 

W  ■>  Watte,  power  in  circuit. 

J7  ■>  Volte  at  receiving  end  of  circuit. 

V  ■.  Volte  drop  In  circuit. 

A  —  Cir.  mill  area  of  wire. 

P  ■-  Per  cent  of  power  lost. 

p  »  Per  cent  of  volte  drop  in  circuit. 

d  ■-  Distance  from  generating  to  receiving  end  of  circuit  or  center 
of  loadn^  the  length  of  wire  if  the  load  is  uniformly  dis- 
tributed. 

21.6-10.8X2. 


.      21.6  XdX  I 

^"  i  ' 

J       2160  X  ri  X  / 

2160  X  rf  X  wr 
"* p"xrP~" ' 

21.6  X  rf  X  / 

V -J , 

100 


TKAHaPOaiTIDH   OV   LINXa. 


F.  F.  FowLB. 

■Mtnan  team  Bna  u  univemtty  emplo]r«d  oa  Utsphoae  UliM  u3  quita  ti*- 
qumtJy  on  bower  Aod  liohliii^  oirfluit*, 

TnnipoBlioiu  ars  Miectivs  only  under  oertaia  eonditloiu.  Fie;.  IS 
■bowi  ths  elMtric  and  tb*  mun'^io  fi>)da  about  ■  llna  oonilMlns  of  a  mul* 
irii«  whoM  OTOuit  ii  aoniplMia  Ihroush  the  eutb.     Fif,  IB  ahowa  ths  fialda 


i 


Fn.  10. 


■bont  the  two  wlna  «f  a  mvtaDio  dnutt.  with  equal  and  opposite  cnrrenti 
In  Ibe  wins  »ad  oo  eonn«tk>a  to  tarth  at  any  point  op  tha  oirauit.  In 
lelcpbony  thn  condition  of  Una  ii  termed  "balanoed." 

Tde  Intsuity  of  the  induced  current  dspendi  on  the  extent  to  which  th( 
fidd  of  one  dniuit  threads  into  the  other,  and  tharrfore  upoo  the  dislaaiK 
between  the  wirea  and  the  eilent  to  which  their  Geldi  ipmd  intfl  the  gur- 
Kondina  dieleotrio.  The  spread  of  (ha  Bsid  of  a  gipfle-wire  drsult.  sliowi 
in  Fia.  18,  la  equal  to  that  td  an  imaEinary  metallic  Dirouit  of  which  odi 
"«  exlaUns  ovarfaead  win  atuT  tha  other  a  aimilar  win  panllal  U 


Fia.  fl 
«&  tl 


c  oircuita  by  tha  tisusposition  irf  Ih 

ntion  of  wires  3  and  i  midway  in  . — - 

evemi  a-i  from  a  to  b  ii  opposite  ia  its  direction  and  polarity  to  that  be- 
tween b  >nd  c,  ao  that  the  indueed  E.U.F.'a  in  circuit  l~i  between  a  add  b 
are  oppodiv  to  than  betvf^i  fr  and  c.     Tlie  same  is  true  oT  induoed  EJIJ.*! 
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in  drcuit  3-4  produoad  by  oireuit  1-2.     The  effects  would  have  been  iden- 
tical had  1  and  2  been  transposed  instead  of  3  and  4. 

Referring  to  Fig.  20,  the  length  of  the  section  I  must  not  be  so  great  that 
the  current  and  the  potential  in  the  section  a-b  are  nuiterially  different  from 


Ir 


X 


s^ 


I 


I 


} 


1* 


-i 


Fio.  2L 


those  in  the  section  b-c,  or  the  induced  E.M.F.'s  in  the  section  a-fr  will  now 
be  equal  as  well  as  opnosite  to  those  in  b-c 

After  determining  the  proper  length  of  the  section  2,  the  section  may  be 
apphed  conseoutivd^r  to  a  hne  wWch  is  to  be  transposed,  by  laying  it  off 
in  the  manner  of  using  a  foot  rule  in  the  measurement  of  a  distance.  If 
the  total  length  of  line  is  not  a  multiple  of  Z,  the  last  section  may  be  taken 
somewba«  longer  or  shorter  than  the  standard  section,  but  it  should  be  not 


1% 


X 


■I: 


Fxo.  22. 


8t 

4r 


X 

I 


-i 


tit- 


—14 


3> 


Fio.  22A. 


more  than  one  and  a  half  regular  sections  nor  less  than  half  a  regular  sec- 
tion.    Fig.  21  shows  a  line  having  four  and  a  quarter  transposition  sections. 
A  transposition  at  the  junction  of  two  adpaoeat  sections  is  without  effect 
on  those  sections,  therefore  the  Fig.  22A  is  equivalent  to  Fig.  22.     Tliis 


* 


&   i- 


m 

Fio.  23. 


TSAira POSITION  of  lines. 
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tB  true  only  when  the  standard  Metion  length  is  not  in  exoeas  of  that  per- 
miflsible,  ae  outlined  abore. 

The  transpoeition  of  power  and  lighting  eircuits  is  not  often  neo^ssary. 
In  eon4>lioated  networu  it  is  almoet  unknown,  because  the  troubleeome 


C 


n 


m 


4^   ^    ^, 


Fia.  24. 


cireoite  are  usually  short.  At  the  frequendes  used  in  power  and  lighting 
the  transposition  section  naay  be  several  miles  in  length,  much  longer  than 
in  telephone  practice. 

The  transposition  of  polyphase  lines  is  sometimes  employed  to  balance 
inductiTe  eneeta  which  would  otherwise  be  troublesome. 


3sE 


^ 


i 


r. 

I 
I 


-»*- 


•^i^ 


i— 

Fio.  26. 


3 


■n 


FSg.  23  shows  a  balanced  three-phase  line,  which  would  be  transposed 
only  to  avoid  inductive  interference  with  other  lines. 

fig.  24  shows  an  unbalanced  three-phase  tine  and  Fig.  25  shows  the 
method  of  transposing  it  to  secure  a  balanced  circuit,  or  eaual  inductance 
per  phase.    Fig.  28  illustrates  the  application  of  the  section  shown  in  Fig.  8. 


3E 


I  — 


Fta.26. 


The  transposition  of  telephone  lines  becomes  a  complicated  problem  when 
there  are  many  circuits,  as  it  is  necessary  to  arrange  the  transpositions  in 
suflh  a  manner  that  each  circuit  is  transposed  with  resp4Bct  to  all  the  others; 
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ulio  the  drouits  that  are  adjaoent  must  have  more  frequent  relative  trai_ 
poeitioni  than  those  further  apart.  The  method  of  deriving  di£Ferently 
transk>oMd  tyxMs  of  circuits  is  given  in  an  American  Institute  paper  on 
"The  Transposition  of  Electrical  Conductors."  * 

Fig.  27  shows  fifteen  di£Ferent  tsrpes  of  transposition.  The  "exposure," 
as  it  is  termed,  of  dreuit  1  to  circuit  2  is  i;  of  1  to  3  is  i;  of  2  to  3  is  i; 
because  a  transposition  at  the  junction  of  two  sections,  eadi  tranq>oeed  al 


Kumberof 
Traofipositioiis 
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i: 


a: 


e: 
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Dcrxzx: 
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^^^mmamt^^^ma^^^^m 
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^^tolVi^^^MHi^^^^H^i^^H^^^HM^^V^^a^^ 


DCDCZxzxrxzxix: 
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.4 

:6  -  1  +  4 

.6-  8-i>4 
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18 
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:l«»  4  4  8 
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u-e  +  8 

7-^8 
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tion.  Tlie  method  may  be  extended  as  far  as  desired,  but  15  types  are 
usually  sufficient. 

It  has  been  found  experimentaUy  that  one-fourth  mile  exposures  are  sat- 
isfactory in  tele|>hoBe  work  for  carouits  immediately  adiacent  to  each  other; 
for  cireuits  not  adjacent  the  transpositions  ma^  be  farther  apart.  TIm 
distance  I  in  Fig.  27  may  then  be  taken  at  four  miles,  and  fifteen  differently 
transposed  types  are  available.  The  method  may  be  extended  to  thirty- 
two  types  with  an  eight  mile  section.  The  eight  mile  section  is  rather 
cumberaome  for  most  work  and  a  four  mile  section  is  more  adaptable  to  gen- 
eral conditions. 

The  transposition  of  telephone  circuits  aninst  power  and  lighting  ciremta 
should  be  treated  on  the  sectional  principle.  It  is  possible  to  improve 
some  esses  by  reducing  the  separation  between  the  wires  of  the  power  or 
lighting  circuit;  this  is  usually  the  cheapest  plan  if  the  transposition  section 


*  Vol.  XXIII.  page  659.  Oct.  38.  1004. 
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Indpctton 


Beocton 


OpntMlfcOiBiiwr 


Indncltoa 


•  4- 


SeeCion 


^4- 


Indnctlon  ^  ^  Inductiop 


BMlioa 


Fio.  29. 


Mla^ara  14 mc  —  The  conductors  on  this  line  are  bare  cables  of  19 
strands,  eqniTalent  to  360,000  cironit  mils,  and  are  arranged  as  sbown  in 
the  following  diagram.    Jhe  first  arrangement  was  with  two  three-wire  oir- 


Fxo.  30.    Niagara-Buffalo  Line.    11000  to  22000  Volts. 

colts  on  the  upper  cross-arm,  the  wires  beinff  18  inches  apart.  So  much 
trouble  was  experienced  from  short  circuits  by  wires  and  other  material 
being  thrown  across  the  conductors,  that  the  middle  wire  was  lowered  to 
the  bottom  cross-arm  as  shown,  since  which  time  no  trouble  has  been 
experienced.  With  porcelain  insulators  tested  to  40,000  Tolts  there  is  no 
appreciable  leakage.  These  circuits  are  interehanged  at  a  numbor  of 
points  to  avoid  inauotive  effects. 


TBANSPOaiTION   OF   LINES. 
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CtvcMlte.  —  The  diagram  ^Fig.  31)  thowa  asotbcr  ar- 
rangement now  seldom  used  although  it  makes  hnes  conveniently  accessible 
for  rppcurs.  Under  the  ordinarv  loads  usual  in  the  smaller  plants  the  unbal> 
ancing  effect  is  so  small  as  to  be  inappreciable. 


HI! 
^18— 


I. 


I 


1 


Fxa.  31.     CoBveoient  Arrangement  of  Three-Phase  Lines  fort 

0000-10,000  Volts. 


|_wf^-H 


•a, 


•b. 


^ 


jL»6. 


•  »• 


I 


Fio.  32.    Arxangement  of  Two-Phase  Circuit.     No  Reversal 

of  Phases  necessary. 


•^^  FoMi^wirc  C^rcvlta, — The  arrangement  of  conductors 
^^WD  in  Fig.  32  is  probably  the  best  for  two-phase  work;  as  no  reversals 
of  wires  are  needed,  the  inductive  effects  of  the  wires  of  one  circuit  on  those 
of  the  other  are  neutralised. 
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Tw««Ph«se  Ci«««fltii  Im  ••■§•  Pl«»«.  —  If  the  phases  are  treated 
as  separate  circuits,  and  carried  well  apart,  as  shown  in  Fig.  93,  the  interfer- 


Fio.  83. 

ence  is  triflinc;  and  should  the  loads  carried  be  heavy  enough  to  cause  notice- 
able effect,  the  reversal  of  one  of  the  phases  in  the  middle  of  its  length  will 
Aviate  it.    The  following  diagram  illustrates  the  meaning. 


PHASE   A. 


^A8E   B. 


X 


Fia.  84.  Arrangement  of  Two-Phase,  Four-Wire  Circuit  with  Wires  on 
same  Plane.  Wires  of  One  Phase  should  be  interchanged  at  the  Middle 
Point  of  the  I^tance  between  Branches,  and  between  its  Origin  and 
First  Branch. 

Messrs.  Scott  and  Mershon  of  the  Westinghouse  Electric  and  Manufactur- 
ing Co.  have  made  special  studies  of  the  Question  of  mutual  induction  of 
circuits,  tx>th  in  thcibry  and  practice;  and  their  papers  can  be  found  in  the 
files  of  the  technical  journals,  and  swpply  full  detail  information. 

Mutual  MevtrallaatloM  of  CSaiMCltj'  mmA  ladMctaiice.  —  In 
order  to  completely  neutralise  phase  displaoement  due  to  distributed  in- 
ductance a  distributed  capacity  is  essential.  Localised  caiiadty  can,  how- 
ever, produce  a  partial  neutralisation.  Exeesrive  distributed  caiMuaty 
can  also  be  partially  neutralised  by  insertiiig  inductances  at  proper  inter- 
vals. In  treating  of  local  neutrausation  oi  capacity  by  inductance,  the 
assumption  is  frequently  made  that  the  capacity  is  constant  irrespective 
of  the  voltage,  and  that  the  inductance  is  constant  irrespective  of  the 
current.  Under  these  conditions  neutralisation  can  be  obtained.  Asl 
however,  inductance  is  dependent  upon  the  permeability  of  the  assodated 
magnetic  oireuit,  and  permeability  varies  witn  the  saturation  of  the  iron,  — 
that  is,  with  the  current,  —  complete  neutralisation  cannot  be  obtained 
with  iron  inductances. 

Over-excited  synchronous  motors,  or  si^chronous  converters,  take  eur- 
rents  which  lead  the  electromotive  force  imprecced  upon  them,  and  they 
therefore  operate  as  condensers,  and  they  may  be  utilised  advantageously 
in  neutralising  the  line  inductance.  The  power  factor  of  the  tranamissiock 
system  oan  therefore  be  varied  by  varying  their  ezeitation. 


BlSLL  WiRINa. 
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X4MM  XV  0BDBATH   OF   THJUBB-COMDVCTOIK    lAAH 

COVBIUSD  CAJBXiSA. 

John  T.  Morrxb  (JfflsdKcian,  London)  stves  the  foUowins  fonnula,  oon- 
firmed  by  eomrimeDta,  for  the  loae  of  power  in  the  lead  ^eftth  of  a  three- 
eonductor  cable. 
'  Let  /  ->  ourreQt  in  amperes. 

/  —  frequency. 

I  -  length  of  cable  in  1000  ft. 
t  -"  thickneae  of  sheath  in  mils. 
Then:  Watta  loss  -  123  X  lO'^^Pf^lfi-^ 

If  the  cable  is  placed  in  an  iron  pipe  the  loss  is  increased  about  75%. 


The  following  diagrams  show  various  methods  of  connecting  up-call  bells 
for  different  purposes,  and  will  indicate  ways  in  which  incanaesoent  lamps 
may  also  be  conneoted  to  accomplish  different  results. 


=A 


Fi«.  36.    One  Bell,  operated  by 
OnePush« 


U, 


Ff 


i 


FlQ.  80.    One  BeO,  operated  by 
Two  Pushes. 


G 


i 


Fio.  37.    Two  Bells,  operated  by 
Que  Push. 


Fio.  38.    Two  BellSi  operated  by 
Two  Pushes. 


When  two  or  more  bells  are  required  to  rlns  from  one  push,  the  common 
practice  is  to  connect  them  in  series,  i.e.,  wire  From  one  directly  to  the  next, 
and  to  make  all  but  one  single-stroke  ends.  Bells  connected  in  multiple 
arc,  as  in  diagram  Ko.  24,  give  better  satisfaction,  although  requiring  more 
wire. 


iU-&— J 


Flo.  30.  Three-Line  Factory  Gall. 
A  number  of  Bells  operated  by 
any  number  of  pushes.  All  bells 
nu^  by  each  push. 


It 


Fig.  40.  Simple  Button,  Three- 
Line  Return  Call.  One  set  of 
battery. 


Fio.  41.  Simple  Button,  Two-Line 
and  OroundKetum  Call.  One  set 
of  battery. 


fe 


3*] 


Fio.  42.  Two-Line  Return  GalL 
Illustrating  use  of  Return  Call 
Button.    Bells  ring  separately. 
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Flo.  43.  One-Line  and  Ground  Return 
Call.  lUnstratlng  use  of  Betom  Call 
Button.    Bella  ring  separately. 


Fio  44.  Simple  Button,  Two- 
Line  Return  Call.  BeOi  nng 
together. 


4 


{ 


y 


Fio.  4B.  Simple  Button,  One-Line 
and  Ground  Return  Call.  Bella 
ring  together.  The  use  of  com- 
plete metidlio  circuit  in  place  of 
ground  connection  Is.adviaed  in 
all  oaeea  where  expense  of  wire 
is  not  oonaiderable. 


Fio.  46b  Four  Indication  Annuncia- 
tor. Connections  drawn  for  two 
buttons  only.  A  burglar  alarm  cir- 
ouit  is  similar  to  the  above,  but 
with  one  extra  wire  running  from 
door  or  window-spring  side  of  bat- 
tery to  burglar  alarm  in  order  to 
operate  continuous  ringing  attach- 
ment. 


CJ: 


f 


FiG.  47. 
Diagram  of  connections  for  ocmtrol  of  lights  from  two  points. 


K 


^ 


DYNAMO 


Fio.  48. 

Diagram  of  eonneetiona  for  owitrol  of  lights  from  four  points.  By  in- 
troducmg  other  switches  like  A  and  B  control  can  be  had  from  any  number 
of  points. 


^ 


JB~" 


«Va| 


FiQ.  40.^  Four  Indication  Annuncia- 
tor, with  extra  B«dl  to  ring  from  one 
Push  only.  Illustrating  wse  of 
three-point  button. 


Fio.  50.  Acoustic  Telephone  with 
Magneto  Bell  Return  Gall.  Ex- 
tension Bell  at  one  end  of  line. 
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In  mnnins  lines  between  any  two  points,  use  oare  to  place  the  battery,  if 
poaaiblCL  near  the  pmh-button  and  of  the  line,  as  a  slight  leakage  in  the  cir- 
cuit will  not  then  weaken  the  battery. 


When  mat  ia  to  be  used,  throw  it  into  the  circuit 
by  the  switch,  so  that  when  the  circuit  is  closed  by  a 
person  stuping  on  the  mat,  Uie  automatic  drop  will 
Kieep  it  closed,  and  both  bells  will  continue  to  ring 
until  the  drop  is  hooked  up  again. 


Fio.  51.  Diagram  of  Burglar-Alarm  Mat,  two  Bells, 
one  Push  and  Automatic  Drop;  all  operated  by  one 
battery.  Both  bells  ring  from  one  push  or  mat,  as 
desirea.  by  «^^^^"gi"g  the  switch. 


■ATTenict 


m 


MNICN  tMM 
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Fi<k  52.    Fotdant  and  Automatic  Gas-   Fi«.  53.  Pendant  Qas-Lighting  Cir- 
lighting  Circuit,  with  Switchbouxi.  cuit,    with  Switchboard.  Relay 

and  Tell-Tale  BeU. 


I 


WmnaMO  FOR  «SinBlKATO]tll. 

Hie  generators  are  rated  by  their  volt-ampere  capacity  and  their  apparent 
watts,  and  not  their  actual  watts,  so  that  the  sise  has  to  be  increased  if  the 
power-fact<v  of  the  system  is  low. 


ITJILIKKMO  JPOA  VAAH llf  OltBUUIA. 


For  lighting  circuits  using  small  transformers,  the  voltage  at  the  prima- 
ries of  the  stetMiown  transformers  should  be  mado  about  3%  higher  than  the 
seoondaKy  voltage  multiplied  by  tbo  ratio  of  transformation,  to  allow  for  the 
drop  in  tranafcxmers.  In  laige  lighting  transformers  this  drop  may  be  as  Iqw 
as  2%.  Standard  lighting  transtormers  have  a  ratio  of  10  to  1  or  some  mul- 
tiple thereof. 

For  motor  circuits,  the  voltage  at  the  primaries  of  step-down  transformers 
riiould  be  made  about  5%  hicher  than  the  secondary  voltage  multiplied  by 
the  ratio  of  transformation.  Transformerg  used  with  1 10  volt  motors  on  any 
OO-cyde  system  should  have  a  ratio  of  4i  to  1,  0  to  1,  or  18  to  1  respectively 
for  1040,  2080,  and  3120  volt  generators.  The  transformer  capacity  in  kUc 
vattt  should  be  the  same  as  ^e  motor  rating  in  Aorse-pctoer  for  medium-sised 
motors*  and  slightly  laiger  for  small  motors  and  where  only  two  trans- 
formers are  usea. 
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CspiMlttM  of 


lBd«C<i«M 


mwm  tm 


»•  mama  with  ••^jwlo 


Kilowatts  per  Tnuurfbrmer. 

SiM  of  Motor. 

Hon»-Power. 

Two  TniMformen. 

« 

Three  Tmnaformera. 

1 

.6 

*    .8 

2 

1.5 

1 

S 

1.5 

5 

2 

7i 

3 

10 

4 

15 

7.5 

5 

90 

10 

7.5 

SO 

15 

10 

50 

26 

15 

75 

25 

^frUIMCF   FOR   JEiroiJCTIOlV    MOTORS. 

The  standard  (General  Eleetric)  induction  motors  for  three-phase  cir- 
ooits  are  wound  for  110  volts,  220  volts,  and  550  volts;  motors  of  50  H.P. 
and  above  are,  in  addition,  wound  for  1040  volts  and  2080  volts.  Motors 
for  the  two  latter  voltages  are  not  built  in  dies  of  less  than  50  H.P.  Where 
the  four-wire,  three-phase  distribution  system  is  used,  motors  can  also  be 
wound  for  200  volts. 

The  output  of  an  induction  motor  varies  with  the  square  of  the  voltage  at 
the  motor  terminals.  Thus,  if  the  volts  at  the  termimds  happen  to  be  15% 
low,  that  is,  onl^  85%  of  the  rated  voltage,  a  motor,  which  at  the  rated  volt- 
age gives  a  mazmium  of  150%  of  its  rated  output,  will  be  able  to  give  at  the 
15%  lower  voltage,  onl^r  (/tf*a)*  X  150  -  108%  of  its  rated  output,  and  at  full 
load  will  have  no  margin  left  to  carry  over  sudden  fluctuations  of  load  while 
running. 

Thus  it  is  of  the  utmost  importance  to  take  care  that  the  volts  at  the  motor 
terminals  are  not  below  the  rated  volts,  but  rather  slightly  above  at  no  load, 
so  as  not  to  drop  below  rated  voltage  at  full-load  or  over-load. 

The  output  of  the  motor  may  be  increased  by  raising  the  potential;  in 
this  cascj  however,  the  current  taken  is  increased,  especially  at  light  loads. 

The  duection  oif  rotation  of  an  induction  motor  on  a  three-phase  circuit 
oan  be  reversed  by  changing  any  two  of  the  leads  to  the  field. 

Like  all  electrical  apparatus,  the  induction  motor  works  most  efficiently 
at  or  near  full  load,  and  its  efficiency  decreases  at  light  load.  Besides  this, 
when  running  at  light  load,  or  no  load,  the  induction  motor  draws  from  the 
lines  a  current  of  about  30%  to  35%  of  the  full-load  current.  This  current 
does  not  represent  energy,  and  is  not  therefore  measured  bv  the  reoording 
watt-meter;  it  constitutes  no  waste  of  power,  being  merely  what  is  called  an 
idle  or  "wattless**  current.  If,  however,  many  induction  motors  are  oper- 
ated at  light  loads  from  a  generator,  the  combined  wattless  currents  of  the 
motors  may  represent  a  considerable  part  of  the  rated  current  of  the  gener> 
ator,  and  thus  the  generator  will  send  a  considerable  current  over  the  line. 
This  current  is  wattless,  and  does  not  do  any  work,  so  that  in  an  extreme 
case  an  alternator  ma^  run  at  apparently  half-load  or  neaily  full-load  cur- 
rent, and  still  the  engme  driving  it  run  light.  While  these  idle  currents  are 
in  general  not  objectionable,  since  thejy  do  not  represent  any  waste  of 
power,  they  are  undesirable  when  excessive,  by  increasing  the  ourrent-heaU 
ing  of  the  generator.  Therefore  it  is  desirable  to  keep  the  idle  currents  in 
the  system  as  low  as  poss9>le,  by  carefully  choosing  proper  capacities  of 
motors.    These  idle  ourrepts  are  a  comparatively  smsll  per  cent  of  the  total 
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enrrani  at  or  near  fuU-foad  of  th«  motor,  but  a  lai^fcr  per  oont  at  light  loads. 
Thorefore  care  ahould  be  taken  not  to  install  larier  motors  than  neoessary 
to  do  the  required  work,  since  in  this  case  the  motors  would  have  to  work 
oontinuously  at  light  loads,  thereby  producing  a  larger  per  oent  of  idle  cur- 
rent in  the  system  than  would  be  produced  by  motors  oS  proper  tm^tMtyi 
that  is,  motors  running  mostly  between  half -load  and  full-load. 


it  tmitmm  by  CtoMe 


Metore  »t  HO  Volta. 


Starting 

Starting 

H.P.  of  Motor. 

FuU-Load 

Current  at 

Current 

Current. 

160%  of  Full- 
Load  Torque. 

atFuU-Load 

Torque. 

1 

6.5 

10 

2 

12 

36 

3 

17 

54 

5 

28 

•42^84 

28 

10 

65 

70 

55 

15 

80 

120 

80 

20 

106 

107 

105 

30 

160 

252 

160 

60 

260 

400 

260 

76 

870 

586 

370 

100 

600 

826 

600 

150 

740 

1180 

740 

The  current  taken  by  motors  of  higher  -voltage  than  110  will  be  proportion- 
aUv  less.  The  above  are  average  current  values,  and  in  particular  cases  the 
values  may  vary  slightly. 

The  connection  of  three  transformers,  with  their  primaries,  to  the  genera- 
tor and  their  secondaries  to  the  inductioh  motor,  m  a  three-phase  system, 
are  shown  in  Fig.  26.  The  three  transformers  are  connected  with  their  pri- 
maries between  the  three  lines  leading  from  the  generator,  and  the  three 
secondaries  are  connected  to  the  three  lines  leading  to  the  motor,  In  what 
is  called  delta  connection. 

The  connection  of  two  transformers  for  the  supply  of  an  induction  motor 
from  a  three-phase  generator  is  shown  in  Fig.  66.   It  is  identical  with  the 


( 
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FlO.  64. 


Fig.  66. 


arrangement  in  Fig.  64,  except  that  one  of  the  transformers  is  left  out,  and 
Uie  two  other  transformers  are  made  correspondingly  larger.  The  copper 
required  in  any  three-wire»  three>phase  circuit  for  a  given  power  and  loss  is 
76%,  as  compared  with  the  two-wire,  single-phase,  or  four-wire,  two-phase 
system,  bavmg  tiie  same  voltage  between  lines. 


*  The  5  H.P.  motor  is  made  with  or  without  starting-switch. 
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The  oonnoetloiui  of  three  transformers  for  a  low-tension  distribution  sys- 
tem by  the  four-wire,  three-phase  system  are  shown  in  Fig.  66.  The  three 
transformers  hare  their  prlmarieejoined  in  delta  connection,  and  their  sec- 
ondaries in  **  Y  "  connection.  The  three  upper  lines  are  the  three  main 
threei>hase  lines,  and  the  lowest  line  is  the  common  neutral .  The  difference 
of  potential  between  the  main  conductor  is  900  volts,  while  that  between 
either  of  them  and  the  neutral  is  llfi  rolts.    200  Tolt-motors  are  Joined  to  the 
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Fio.  66.  FlO.  67. 

mains  while  116  Tolt-lampe  are  connected  between  the  mains  and  the  neutral. 
The  neutral  is  similar  to  the  neutral  wire  In  the  Edison  three-wire  system, 
and  only  carries  current  when  the  lamp  load  is  unbalanced. 

The  potential  between  the  main  conductors  should  be  used  in  the  formulte, 
and  the  section  of  neutral  wire  should  be  made  in  the  proportion  to  each  of 
the  main  conductors  that  the  lighting  load  Is  to  the  total  load.  When  lights 
only  are  used,  the  neutral  should  be  of  the  same  sixe  as  either  of  the  three 
mam  conductors.  The  copper  then  required  in  a  four-wire,  three>phase  sys- 
tem of  secondary  distribution  to  transmit  a  ffiven  power  at  a  giren  loss  is 
about  33.3  %,  as  compared  with  a  two-wire,  single-phase  system,  or  a  four- 
wire,  two-phase  system  having  the  same  voitaoe  across  tiie  lamps. 

The  connections  of  two  transformers  for  supplying  motors  on  the  four-wire, 
two-phase  system  are  shown  in  Fig.  67.  This  system  practically  consists  oi 
two  separate  single-phase  circuits,  half  the  power  being  transmitted  over 
each  circuit  when  the  load  is  balanced.  The  copper  required,  as  compared 
with  the  three-phase  system  to  transmit  given  power  with  given  loss  at  the 
same  voltage  between  lines,  is  1331  %  — that  is,  the  same  as  with  a  single- 
phase  system. 


STANDARD  SYMBOLS  FOR  WIRINGh  PLANS 
AS  ADOPTED  BY  THE  NATIONAL  ELEC- 
TRICAL CONTRACTORS  ASSOCIATION. 

(CopyriglitecL) 

^        Celllnff  Oatlet;  Electrlo  only.     Numeral  in  center  indioatee 
nomber  of  Standard  16  G  J*.  Incandescent  Lampe. 

S(^     OeiUng  Oatlet;  Combination.    |  indicates  4-16  C.F.  Standard 

Incandescent  Lamps  and  2  Qas  Burners.    If  gas  only     j|[ 

Bracket  Outlet ;  Electric  only.     Numeral  In  center  indicates 
number  of  Standard  16  C.P.  lucandesceiit  Lamps. 

Bracket  Outlet ;  Combinations.    |  indicates  4-16  C.P.  Standard 

Incandescent  Lampe  and  2  Oas  Burners.    If  gas  only    j^-^ 

Wall  or  Baseboard  Receptacle  Outlet.    Numeral  in  center  indi- 
cates number  of  Standard  16  G.P.  Incandescent  Lamps. 

Vff        Floor  Outlet.    Numeral  in  center  indicates  number  of  Standard 
16  C.P.  Incandescent  Lamps. 

)3  6      Outlet  for  Outdoor  Standard  or  Pedestal:  Electric  only.  Numeral 
indicates  number  of  Standard  16  C  JP.  Incandescent  Lamps. 

V-f-     Outlet  for  Outdoor  Standard  or  Pedestal :  Combination.    |  indi- 
^  cates  6-16  C  J*.  Standard  Incandescent  Lamps ;  6  Qas  Burners. 

Q{         Drop  Cord  Outlet. 

®  One  Light  Outlet,  for  Lamp  Receptacle. 

(M         Arc  Lamp  Outlet. 

^  Special  Outlet,  for  Lighting,  Heating  and  Power  Current,  as 

described  in  Specifloations. 

OQO  Ceiling  Fan  Outlet. 

3^  8.  P.  Switch  OuUet. 

3^  D.  P.  Switch  Outlet. 

3^  3-Way  Switch  Outlet. 

3*  4-Way  Switch  Outlet. 

3*^  Automatic  Door  Switch  Outlet. 

3^  Electrolier  Switch  Oatlet. 

g  Meter  Outlet, 

im        Distribution  Panel. 
■■■        Junction  or  Pull  Box. 

S^         Motor  Outlet ;  Numeral  in  center  indicates  Horse  Power, 

Motor  Control  Outlet. 

Transformer. 

2d9 


Show  as  many  Symbols  as  there 
are  Switches.  Or  in  case  of  a 
Tery  large  group  of  Switches, 
indicate  number  of  Switches 
by  a  Roman  numeral,  thus ; 
S'Xn;  meaning  12  Single  Pole 
Switches. 

Describe  Type  of  Switch  in 
Specifications,  that  is,  Flush 
or  Surface,  Push  Button  or 
Snap. 
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Main  or  Feeder  run  concealed 
under  floor. 

Main  or  Feeder  run  concealed 
under  floor  abore. 

^  "  "  "    Main  or  Feeder  run  exposed. 

^^^^     Branch  Circuit  run  concealed 
■~"  ■""        under  floor. 


Branch  Circuit  run  concealed 
under  floor  above. 


Heights  of  Center  of  Wall 
Outlets  (unless  otherwise 
specified): 

Livinff  Booms  6  ft.  6  ins. 

Chambers  o  ft.  0  ins. 

Offices  6  ft.  0  ins. 

Corridors  6  ft.  3  ins. 

Heishte  of  Switches  (unl 
otnerwiae  spedfled) : 

4  ft.  0  ins. 


t3 

H 
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"~  *~ ""   Branch  Circuit  run  exposed. 
»— •-    Pole  Line. 
Biser. 

Telephone  Outlet ;  Private  Berrlce. 
Telephone  Outlet ;  Public  Serrice. 
Bell  Outlet. 
Cy        Buzzer  Outlet. 

la  2       Push  Button  Outlet ;  Numeral  indicates  number  of  Pushes. 
— ^         Annunciator ;  Numeral  indicates  number  of  Points. 
— 4  Speaking  Tube. 

— ®  Watchman  Clock  Outlet. 

— Ji  Watchman  Station  Outlet. 

— O  Master  Time  Clock  Outlet. 

— D  Secondary  Time  Clock  Outlet. 

Q]  Door  Opener. 

ES  Special  Outlet ;  for  Signal  Systems^  as  described  in  Speolfleations. 

||||||l|l|  I      Battery  Outlet. 

r  Circuit  for  Clock,  Telephone,  Bell  or  other  Serrice,  run  under 
J     floor,  concealed. 
Kind  of  Serrice  wanted  ascertained  by  Symbol  to  which  line 
connects. 


1  Circuit  for  Clock,  Telephone,  Bell  or  other  Service,  run  under 
floor  above,  concealed. 
Kind  of  Service  wanted  ascertained  by  Symbol  to  which  line 
connects. 

In  writing  circular  mill  sixes  a  quick  and  handy  method  is  to  draw  a  circle 
and  place  in  it  the  rise  in  hundred  thousands  of  circular  mills,  as, 

(D  -  300.000,   (^  -  760,000,    (g)  -  250,000.    This  is  unhandy  to  print. 


UNDBBaBOUND  CONDUITS   AND 
CONBTBUCTION. 

With  th*  MtaUiahment  of  the  fint  eommereial  Mone  tclamph  Sat 
piobably  oommenoM  tha  history  of  the  "undersround  wire"  when  a 
gttttA-perchA  ooTered  cable  wee  btia  in  s  trench  made  Dy  an  ox-drawn  plough. 

Stacee  in  the  evolution  of  the  preeent  "monolithic''  conduit  are  promi- 
nently marked  by  the  eyetem  of  grouping  wiree  permanently  installed  and 
eepaxated  by  the  pourina  about  tnem  in  the  trench  of  vanoue  insulatina 
eompomide;  by  the  *'buiJt  up  aystem"  made  of  creoeoted  boards  so  placed 
as  to  form  square  channels  or  ducts;  by  the  "pump  log  "  system  or  squared 
timber  bored  to  required  siie  and  creosoted;  by  the  cement  lined  iron  pipe 
system;  by  the  use  of  paper  moulded  and  treated  with  dielectric  compounds; 
and  by  the  now  very  largely  used  vitrified  clay.  Clay  conduits  should  be 
manufaetured  from  a  clay  which  will  vitrify  to  a  highly  homogeneous  and 
non-absorbent  condition  and  be  free  ffom  chemical  Mements  (iron,  sulphur, 
etc.)  which  under  the  action  of  heat  in  the  kilns  result  in  nodes  or  busters 


There  are  two  established  styles  of  day  conduit  commonly  designated  ae 
"siiUKie  duct"  and  "multiple  duct."  The  standard  unit  of  the  single  duct 
is  oi  square  cross  section  measurixi|[  4|"  by  4i"  with  comers  chamfered,  is 
18  incbiBB  in  length,  and  has  a  3|  mch  round  Dore  or  hole.  The  standard 
multiple  duet  units  are  of  two,  three,  four,  or  six  duct  sections,  the  bore  of 
eaeh  duet  of  any  section  bein^  square  and  measuring  3^  by  3L  the  interior 
and  exterior  wall  being  |"  thick;  the  lengths  of  \mits  are,  for  two  and  three 
duet,  24  inches,  and  for  four  or  six  duct  30  inches.  The  demand  for  3i  inch 
and  4  inch  bores  or  even  larger  is  constantly  increasing.  Multiple  duct 
eondoit  of  nine  duet  and  twelve  duct  sections  have  bMU  offered  to  the 
trade  but  so  far  have  not  come  into  extensivB  use. 

Single  duet  conduits  being  more  flexible  are  better  adapted  to  use  where 
service  pipes,  curves,  or  obstacles  are  frequently  encountered.  Li^  with 
broken  jomts  the  possibility  of  the  heat  from  a  burning  <»ble,  being  oom- 
mvnicated  to  a  netghboring  cable,  is  precluded.  Where  high  construction 
on  a  small  base  (two  ducts  wide  by  more  than  five  ducts  high)  is  requiredt 
singlee  are  not  used  to  advanta^  A  mason  should,  \mder  fair  working 
eonditions,  average  in  a  day  of  eight  hours  from  twelve  hundred  to  sixteen 
hundred  duct  feet  of  single  duct  conduit. 

Multiples  have  in  their  fbvor  fewer  joints,  greater  wei^t  per  unit,  and  the 
fact  that  their  installation  requires  onl}^  unskilled  labor.  TSro  men  selected 
from  a  gang  of  laborers  will  lay  from  eighteen  hundred  to  twenty-four  hun- 
dred duct  feet  per  day  of  ten  hours. 

Through  town  or  city  streets  the  conduit  should  have  a  foundation  of 
eonerete  at  least  3  inches  thick.  Where  fre9uent  excavations  for  other 
works  are  probable  a  complete  encasement  of  3  inches  to  4  inches  of  concrete 
should  be  placed  on  both  sides  and  on  top  of  the  ducts.  The  side  protec- 
tion is,  however,  sometimes  omitted  and  creosoted  boMds  substituted  for 
eonerete  on  top.  The  top  covering  over  ducts  should  be  not  less  than  24 
inches  below  the  surface  of  the  street. 

TiM  aevcral  cmidslt  tenna  are  generally  defined  as  follows: 

The  word  "Conduit"  means  the  Mgregation  of  a  number  of  hollow 
tnbes  of  duct  material  and  includes  aUof  the  ducts  in  a  cross  section  of 
the  subway.    In  general  a  conduit  will  consist  of  four  ducts  or  more. 

The  word  "Duct"  means  a  single  continuous  passageway  between  man- 
holes or  thromdi  any  portion  of  the  conduit  or  latmls. 

The  word  ''Manhole"  means  an  underground  chamber  built  to  receive 
electrical  eauipment  and  suitable  to  give  access  to  the  conduit. 

The  word  Service  Box"  means  an  umierground  chamber  similar  to  a 
manhole  but  of  smaller  sise,  and  designed  pnmarily  to  give  access  to  dis^ 
tributing  eondttctors. 
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UNDERGROUND   CONDUITS. 


Tbe  word  '*  Lfttccml "  mMuia  one  or  more  duota  eztcndinc  from  »  manhole 
or  service  box  or  from  one  or  more  of  the  main  conduit  ouets  to  some  die- 
tributing  point.  In  general  laterals  will  consist  of  one  or  two  ducts  for  the 
same  service  connections.  One  or  more  laterals  may  be  installed  in  the 
same  trench. 

Manholee  vary  so  much  according  to  the  ideas  of  the  different  engineers 
that  it  is  difficult  to  give  data  that  would  suit  all  of  them.  However,  the 
average  sise  of  manhole  is  5'  X  6'  X  0'  in  the  dear  with  a  12*  wall.  The 
covers  for  same  vary  from  800  to  1400  lbs.  The  general  practice  is  to 
have  ventilated  coven  and  sewer  connections  with  automatic  back-water 
traps. 

The  Service  Boxes  are  made  generally  of  concrete  with  an  8*  wall*  either 
7  X  2'  or  2^  X  3'  in  length  and  width,  and  extending  in  most  cases  to  the 
top  layer  of  the  conduit  system,  which  would  make  the  depth  of  the 
service  boxes  vary  according  to  the  depth  of  the  conduit  system  proper, 
the  upper  tier  of  ducts  being  used  for  distribution.  Covers  for  servioe  boxes, 
innhirting  inside  pan,  weigh  from  400  to  600  lbs. 


Uaaal  Practice  of  C^mdmU  ITork. 

Manhole  walla,  where  huilt  of  condvte  are  generally  8  to  12  inches  thick, 
made  of  Portland  Cement  concrete,  using,  li  inch  stone,  mixed  in  the  pro- 
portion of  an  1-2-5  and  in  some  instances  as  high  as  1-3-8.  While  in  some 
eases  the  conduits  proper  are  surroimded  with  Portland  Cement  concrete, 
the  usual  practice  throughout  the  oountrv  is  with  casing  of  hydraulic  cement 
concrete  m  a  1-2-6  mixture,  stone  f  inches  to  1  inch. 


Vhc  Coat  of  CoBdvflte. 

(A.  V.  Abbot  in  Eleetrieal  World  and  Bnomeer.) 

Tlie  items  of  cost  of  conduit  construction  are: 

1.  Duct  material.  2.  Pavement  per  square  yard.  8.  Street  excava- 
tion per  cubic  foot,  including  the  removal  of  paving,  the  refillment  of  the 
excavation  after  the  ducts  are  laid,  and  the  temporary  replacement  of  the 
paving.  4.  Concrete  deposited  in  place.  6.  Labor  of  placing  duct  ma- 
terial    6.  Engineering  expenses.    7.  Manholes.    8.  Removal  <^  obstaolea. 


TABMiB    IVo.    1. 

Coat  of  Mwalioloa  1m  Etollsra. 

A.  Brick  with  Brick  Roof. 


Rate  (Dollars). 

Item. 

Amount. 

Min. 
Amt. 

Per 
Ct. 

Av. 
Am. 

Per 

Ct. 

Max. 
Amt. 

Per 

Ct. 

Min. 
.02 

Ave. 

Max. 

f 

$ 

$ 

Excavation 

376  cu.  ft 

.08 

.04 

760 

12.6 

11.26 

11.8 

16.00 

11.2 

Concrete    . 

.7  yard 
2200 

6.00 

7.00 

9.00 

3.60 

6.9 

4.90 

6.3 

6.00 

4.4 

Brick     .    . 

12.00 

16.00 

18.00 

26.40 

44.6 

33.00 

36  3 

39.60 

29.4 

Cover     .    . 

1 

6.00 

10.00 

16.00 

6.00 

8.4 

10.00   10.6 

16.00 

11.2 

Iron  .    .    . 

600  lbs. 

.016 

.03 

.06 

7.60 

12.G 

14X)0 

16.1 

26.00 

18.6 

Bepaving  . 

6  yards 

.76 

2.00 

4.00 

4.60 

7.6 

16.00 

12.8 

24X0 

17.8 

Cleaning    . 

10  loads 

JBO 

.76 

1.00 

6.00 

8.2 
100.0 

7.60 
93.66 

8.1 

10X0 

7.4 

Totals    .    . 

.    •    .    . 

.    . 

•        ■ 

•         • 

60.40 

100.0 

134.00 

100.O 
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B»  Brick  with  ConoreU  Bwtf, 


Item. 

Amount. 

Bate  (Dollars) 
Per  Unit. 

Min. 
Amt. 

• 

Per 
Ct. 

At. 
Am. 

• 

Per 
Ct. 

Max. 

Amt. 

• 

16.00 
17.10 
28.80 
15.00 
24.00 
10.00 

Par 

Min. 

Ato. 

Max. 

Ct 

SxeaTatlon 
GoDorete    . 
Briok     .    . 
CoTer     .    . 
BepaTing   . 
Cleaning 

876  eo.  ft. 

1.9  yards 

1600 

1 
6  yards 
10  loads 

.02 

6iX> 

12.00 

6.00 

.75 

.60 

.08 

74)0 

16.00 

10.00 

2.00 

.76 

.04 

9.00 

18.00 

16.00 

4.00 

1.00 

7JS0 
9.60 
19.20 
5.00 
4JM) 
6.00 

14.8 

18.7 

37.8 

9.0 

8J» 

9.9 

100.0 

11.26 
13.80 
24.00 
10.00 
12i)0 
7.60 

78.06 

14.4 

17,0 
30.9 
12.8 
16.4 
9.6 

100.0 

13.8 
15.7 

26.7 

13.8 

21.9 

9.1 

Totals    .    . 

•       •       •       • 

•        ■ 

•    . 

•    • 

60.70 

100.90 

lOOX) 

C   Concrete  Manhole, 


Item. 

Amonnt. 

BateCDoIlara) 
Per  Unit. 

Min. 
Amt. 

• 

Per 
Ct. 

16.8 
60.5 
11.2 
10.2 
11.2 

100.0 

At. 
Am. 

• 

11.26 
81JM) 
10.00 
12.00 
7.60 

72.26 

Per 
Ct. 

15.6 
43.6 
13.9 
16.6 
10.4 

100.0 

Max. 

Amt. 

• 

Per 

Min. 

ATe. 

Max. 

Ct. 

BxoaTation 
Concrete    . 
CoTer     .    . 
B^MTing  . 
Cleaning    . 

376  en.  ft. 
4  JS  yards 

6  yards 
10  loads 

m 

5M 

6.00 

.76 

.60 

JOS 

7.00 

lOXX) 

2.00 

.76 

.04 

9.00 

16.00 

4.00 

1.00 

7.50 
22JS0 
5.00 
4.60 
5.00 

16.00 
40.50 
16.00 
24.00 
10.00 

14.8 
38.8 
14.4 
23X) 
9JS 

Totals    .    . 

•        •       a        * 

.    . 

*    . 

• 

44.60 

104.60 

lOOX) 

Wbenever  practicable,  a  sewer  connection  to  each  manhole  is  desirable 
to  proTide  exit  for  street  drainage.  Such  sewer  connections  are  esBential 
in  ail  cases  where  manholes  are  equipped  with  Tentilating  covers,  othrannrise 
the  manholes  will  fill  during  every  storm. 

TAJBXiS  Mo.  9. 
C«at  of  ftowor  CoMMOctlosa  Im  Dollsra. 


Item. 

Amount. 

Bate  (Dollars) 
Per  Unit. 

Min. 
Amt. 

• 

Per 
Ot. 

ATe. 
Am. 

• 

Per 
Ct. 

Max. 
Amt. 

• 

Per 

Min. 

Ato. 

.03 

2.00 

2.60 

.07 

.76 

4.00 

Max. 

.04 
4.00 
4.00 

.10 
1.00 
6.00 

Ct. 

Bxeavation 
Concrete   . 
Brick     .    . 
Cover     .    . 
Bepaving  . 
Gleaning  . 

226  cH.  ft. 
6  yards 

16  feet 
2  loads 

1 

.02 
.76 

1.00 
.04 
.60 

2.00 

4.80 
3.76 
1.00 
.04 
1.00 
2.00 

36.1 

20.2 

7.6 

6.0 

7.6 

16.5 

6.76 
10.  OO 
2.50 
1.12 
1.60 
4.00 

26.0 
38.8 
19.6 
4.4 
6.% 
16.4 

9.00 
20.00 
4  00 
1.00 
2.00 
6.00 

21  4 

47.0 

9.3 

3.6 

4.7 

14.0 

Totals  .    . 

eve 

•       • 

.    . 

■       « 

12.69 

100.0 

26.87 

100  0 

42.00 

100  0 
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Manholes  win  occur  at  intervale  of  from  250  to  500  feet,  oonaequeotly 
the  constant  cost  per  conduit  foot  for  this  item  is  obtained  by  dividing  the 
various  manhole  costs  by  the  distances  between  them. 


C 


t  OMt  p«r  C««««it  ^••t  for  Mttiak«lM  im  I»«lli 


Distance  between  Manholes  in  Feet. 

250 

300 

860 

400 

600 

Brick  manhole  with     ^l^' 
brick  roof     .     .    .      ^^ 

Brick  manhole  with     ¥!."' 
eonerate  roof     .    .     jfax. 

(Min. 
Ooncrete  manhole    .      Ave. 

Max. 

(Min. 
Sewer  connection           Ave. 

Max. 

.288 
.872 
.688 

.203 
.300 
.440 

.176 
.278 
.416 

.061 
.104 
.170 

.196 
.810 
.427 

.169 
.280 
.368 

.148 
.242 
.347 

.043 
.086 
.142 

.170 
.218 
.384 

.146 
.228 
.814 

.127 
.200 
.296 

.068 
.074 
.121 

.148 
.236 
.386 

.127 
.196 
.272 

.111 
.180 
.260 

.032 
.064 
.106 

.118 
.186 
.268 

.102 
.166 
.218 

.069 
.144 
.206 

.025 
.061 
.064 

Engineering  expense  will  vary  from  a  minimum  of  5  cents  per  conduit 
foot  to  a  maximum  of  12  cents,  depending  chiefly  upon  Um  difBculty  of 
the  work. 

The  cost  of  the  removal  of  obstacles  is  an  item  impracticable  to  esUmate 
a  priori  with  any  degree  of  certainty,  as  it  is  imposriUe  to  foresee,  and 
usually  impracticable  to  ascertain,  even  with  the  greatest  care,  the  impedi- 
ments to  be  encountered  beneath  street  surface.  Experience  indicates 
that  this  expense  will  vary  for  small  subways  from  10  cents  to  62  cents  per 
foot  of  conduit;  for  medium-siied  ones  from  12  cents  to  81.10,  and  for 
large  conduits  from  15  cents  to  82.25. 

The  cost  of  paving  is  partially  dependent  upon  the  number  of  ducts. 
It  is  impracticable  for  worlonen  to  perform  their  avocations  in  a  trench 
less  than  18  inches  wide,  and,  therefore,  a  strip  of  pavement  of  this  width 
must  be  opened  irrespective  of  the  number  of  ducts  to  be  installed. 

The  cost  of  repaving  will  further  vary  with  the  kind  of  paving.  In 
Table  No.  4,  the  usual  kinds  of  pavement  encountered,  the  minimum, 
average,  and  maximum  prices  per  square  yard,  and  cost  per  conduit  foot 
are  given. 

Allowing  a  disturbance  of  paving  for  six  inches  on  each  side  of  the  tren^, 
the  cost  per  lineal  foot  for  small  conduits  will  varv  from  2.8  to  26.3  cents; 
for  medium-sised  ones  from  4.0  to  29.2  cents,  and  for  large  eonduits  from 
6.0  to  35.0  cents. 

Similarly  the  cost  of  excavation  is  only  partially  dependent  upon  tha 
number  of  duets. 
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Expenenoe  abows  that  8  feet  6  inches  is  a  minimum  pennLssible  depv 
for  the  bottom  of  subway  construction,  and  that  the  cost  of  street  excava- 
tion will  vary  from  two  to  four  cents  per  cubic  foot  of  material  excavated, 
indudmg  the  removal  of  the  pavement,  the  refillment  of  the  trench,  and 
the  replacement  of  temporary  paving.  The  cost  of  excavation  will,  there- 
fore, stand  as  in  Table  Mo.  1. 


TAllIiJB    Tf:   ft. 


Ctit 


C«adalt  root  ta  Dollars. 


Minimum 

.02 
perCu.  Ft. 

Average 

03 

per  Cu.  Ft. 

Maximum 

.04 
per  Cu.  Ft. 

1  to   9  ducts    .    .     . 
10  to  16  ducts    .    .     . 
17  to  26  ducts    .     .     . 

.106 
.100 
.226 

.1676 

.240 

.3876 

.210 
.320 
.460 

Table  No.  6  summarises  these  constant  items;  for  conduits  of  from  one 
to  nine  ducts,  ten  to  sixteen  ducts,  and  seventeen  to  twenty-five  ducts, 
giving  the  minimum,  average,  and  maximum  prices  of  all,  together  with 
the  percentage  that  each  bcilrs  to  the  total. 

Table  No.  6  enumerates  the  probaUe  prices  for  the  various  forms  of 
duct  material  laid  into  place,  calculated  in  a  manner  similar  to  the  preced- 
ing tables,  including  a  percentage  column  showing  the  effect  of  eaco  item 
upon  the  total  expense. 

TA1II.B   Mo.   e. 


COMSUMit  Co 

St  per 

CoBdait  root  !■  Dollan. 

N 

Minimum. 

Average. 

MATlmiini 

Item. 

Cost. 

Per 
Cent. 

Cost. 

Per 
Cent. 

Cost. 

Per 
Cent. 

1  to  9  ducts. 
Excavation    .... 
Paving 

.106 
.0096 

32.6 
21.2 
16.2 
32.0 

.1676 
.186 
.08 
.26 

23.4 
27.6 
11.9 
37.2 

.210 

.279 
.12 
1.00 

13.0 
17.4 

Engineering.     .     .     . 
Removal  of  obstacles  . 

.06 
.10 

7.6 
62.1 

Total 

.3246 

100.0 

38.6 
20.2 
12.1 
29.1 

.6726 

.24 

.222 

.08 

.28 

.822 

.3376 

.26 

.06 

an 

1.0275 

100.0 

29.1 

27.0 

9.8 

34.1 

100.0 

32.8 

26.3 

7.8 

34.1 

1.609 

.82 
.3816 
.12 
1.10 

100.0 

10  to  16  ducts. 
Excavation   .... 
Paving 

.16 
.0646 

17.0 
17.7 

Engineering  .... 
Removal  of  obstacles  . 

.06 
.12 

6.6 
68.8 

Total 

.4146 

100.0 

43.0 

18.6 

9.6 

28.8 

1.8716 

.46 

.52 

.12 

1.26 

100.0 

17  to  26  ducts. 
Excavation   .... 

Paving 

Engineering  .... 
Removal  of  obstacles  ! 

.226 
.0970 
.06 
.16 

19.2 

22.2 

6.1 

636 

ToUl         .     . 

522 

100.0 

100.0 

2.34 

100  0 
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From  the  data  thua  ooU«cted,  the  total  oo«t  of  a  conduit  of  any  riie  U 
readily  determined  by  taking  first  the  cost  per  foot  of  street  for  manholes 
and  sewer  connections;  second,  the  cost  of  the  constant  street  items  as 
gyrvD.  in  Table  No.  0  depending  upon  the  number  of  ducts,  and  tliini, 
the  cost  per  duct  foot  determined  from  Table  No.  5  multiplied  by  the 
number  of  ducts  to  be  laid,  and  adding  these  three  items  togethsTi  giving 
immediately  the  total  cost  per  conduit  foot. 


0«at  •f  IDmet  Mstarial 


TAMMM  Urn.  V. 

ta  Place  im  l>«ll»ra. 


Minimum. 

Arerage. 

Maximum. 

Item. 

Cost. 

Per 
Cent. 

Cost. 

Per 
Cent. 

Cost. 

Per 
Cent. 

Hollow  brick. 
Duct  material    .     .     . 
Plaeing 

.02 
.006 

44.4 
11.2 
44.4 

.036 

.01 

.05 

36.8 
10.6 
62.7 

.05 

.015 

.08 

64.5 
10.3 

£ncasenient  .... 

.08 

66.2. 

Total 

.046 

100.0 

67.6 

2.2 

90.3 

100.0 

62.5 

3.2 

34.3 

.096 

.05 

.0025 

.0476 

100.0 

60.0 

2.6 

47.6 

100.0 

68.6 

3.4 

43.0 

.146 

.065 
.004 
.07 

100  0 

Multiple  duct. 
Duct  material   .    .    . 
Plaeing 

.085 
.011 

46.7 
2  9 

Eneasement .... 

.016 

60.4 

Total 

.061 

.10 

.06 

.004 

.05 

.130 

.08 

.006 

.068 

100.0 

Cement-lined  pipe. 
Cement  pipe. 
Wood  pulp. 

Duct  material    .     .     . 

Placing 

.04 
.002 

48.2 
3.6 

Encasement .... 

.022 

48.2 

Total 

.064 

100.0 

96.04 
1.96 
0.00 

.114 

.05 

.0015 

.00 

100.0 

96.0 
3.0 
0.0 

.174 

.06 

.003 

.00 

100  0 

Creosoted  wood. 
Duct  material    .     .     . 

Placing 

Encaaement .... 

.04 

.0008 

.00 

05.0 
6.0 
0.0 

Total 

.0108 

100.00 

.0616 

100.0 

.063 

100.0 

€«et  per  €< 


lalt  Foe«  !■  Cities. 


Cost  per 
Trench  Foot. 

Number  of  Ducts. 

2 

4 

6 

12 

16 

92.76 
2.76 
2.82 
3.13 
2.78 
2.91 

20 

93.22 
3.19 
3.26 
3.66 
3.24 
3.39 

24 

Atlanta   .    .    . 
Iioulsyllle     .     . 
Cincinnati    .     . 
Boston     .     .     . 
Springfield  .     . 
BrookiTn      .     . 

9.88 
.89 
.92 

1.06 
.90 
.96 

91.14 
1.12 
1.18 
1.34 
1.16 
1.21 

91.43 
1.40 
1.48 
1.65 
1.46 
1.61 

92.31 
2.29 
2.36 
2.66 
2.84 
2.46 

93.53 
3.63 
3.72 
4.10 
3.66 
8.84 
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W.  P.  Hancock,  Bobtok  Edison  Covpany. 


MaterUl  and  Labor. 


MaterkU, 

Liunb«r  at  915M  per  M.,  or  JOUR  cents  per 

square  foot,  B.  M 

Concrete  at  $4.86  per  cubic  yard,  or  18  eents 

per  cubic  foot      .    . 
Hortar  at  $3.08  per  cubic  yard*,  or  14  cents 

per  cubic  foot  .... 
Ducts  laid  down  beside  the  trench'at  $.0602 

per  duct  foot  .... 


LcUxjr, 

Bzearate  and  backfill  at  15  cents  per  hour 

or  $.0278  per  cubic  foot     .... 
Cut  andplace  lumber  at  20  cents  per  hour', 

or  $.0006  per  square  foot  B.  M 

Mix  and  place  concrete  at  16  cents  per 

hour,  or  $X)222  per  cubic  foot     .     .     .     . 
Mix  andplace  mortar  at  26  cents  per  hoiir, 

or  $.0026  per  cubic  foot     .... 
Lay  the  ducts  at  60  cents  per  hour,  or  $.0040 

per  duct  foot 

Haul  away  the  dirt  at  60  cents  per  hour,  or 

$.0142  per  cubic  foot 

Pave  the  trench  at  $1.44  per  square  yard, 

or$.16persauarefoot 

Cost  of  manholes  per  duct  foot 

_^    Total  cost  of  manholes    _  490.28 

Total  number  of  duct  feet ""  22,200 
Inspection  at  60  cents  per  hour,  or  $.0033 

per  duct  foot 

Engineering  expenses  at  $.0214  per  duct 

foot 


Incidental    expense    at   5    per   cent    of 
total 


Cost 

per  Duct 

Foot. 


$ 

.0106 
.0231 
.0026 
.0602 


.0266 
.0004 
.0029 
.0016 
.0010 
.0047 
.0600 


.0221 


Coetper 
Condnit 

Foot. 

Total 
Expense. 


.0033 
.0214 


.0116 


$ 

.1575 
.3465 
.0380 
.7630 

.3090 
.0000 

.0436 
.0240 
.0600 
.0706 
.7600 

.3315 

.0486 
.3210 
.1740 


$.2360 


Total 
Cost  for 

each 
Item  for 
the  Total 

Line. 


$ 

233.10 

514.15 

68.90 

1U4.44 

602.06 

9.82 

63.48 

87.00 

88.00 

104.72 

1100.02 

490.28 

73.26 
475.08 
248.22 


$3.6260       $5212.73 


C«e«  of  5'  X  A'  X  t'  Manliolci. 

W.  P.  Hancock,  Boston  Edison  Company. 

28.76  cubic  feet  concrete,  cost  in  place  $.202  per  foot $4.78 

2,500  hard  sewer  bricks,  cost  80.00  per  M 22.50 

11  S.  6' trap  and  connections  cost 5.66 

30' 6' Akron  sewer  pipe,  cost  30  cents  per  foot 0.00 

R.  R.  steel  (60  lbs.  to  the  yard),  8  pieces  6'  4'  long  (1013  lbs.) 

cost  $.0125  per  lb 12.67 

U  yards  mortar,  cost  per  yard  $3.98 4.47 

1  manhole  frame  and  cover,  962  lbs.,  cost  $.015  lb 14.43 

$73.50 
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Ex< 


We  abmil  need  labor  that  will  cost  b»  follows: 
avmte  and   backfill  part  of  same,  includinc  that  for  sewer 
eonnections,  785  oubie  feet,  cost  $.0278  per  foot $21.82 

Remove  from  street  304  cubic  feet  of  dirt,  cost  50  cents  double 

load  or  $.0142  per  foot 4.3v 

Pave   11.08  yards   (including  manhole  and   sewer  connection), 

cost  $1.44  per  yard 15.95 

1  mason,  10  hours,  cost  40  cents  per  hour 4.00 

2  mason  helpers,  10  hours  each -■20  hours,  cost  15  cents  per  hour,       3.00 

$49.07 


Total  cost  1  manhole,  complete $122.67 

C«at  •t  ITadavyroand  C«a«ulta  la  ClUeac«. 

O.  B.  &>ringer,  civil  engineer  of  Chicago  Edison  Co.,  says: 
The  diflerence  m  local  conditions,  variations  in  cost  of  material  and  labor, 
make  it  very  difficult  to  give  a  set  of  figures  which  will  hold  good  in  many 
places  or  in  fact  in  the  same  place  under  different  drcumstanoes. 

The  following  table,  however,  is  submitted  as  a  guide  in  approximating 
the  cost  of  work  of  this  character  as  a  result  of  conduit  construction  cov- 
ering ten  years  in  Chicago.  The  cost  of  manholes  is  not  included  in  this 
table,  but  is  given  in  the  one  following. 


f«r  BsttmatlMr  C«at 
WHMmwmwkt  CIroapa,  ii 


»f  C«a4ult|JPer  IDuct  ^••f,  li 
I  Various  ]PaT«ni«Btai 


Kinds  of  Pavement 

Number  of  Ducts. 

2 

$.18 
.24 
.26 
.31 
.43 
.68 

4 

$.18 
.21 
.22 
.24 
.31 
.43 

6 

$.18 
.20 
.21 
.23 
.28 
.37 

9 

$.18 
.20 
.20 
.21 
.24 
.31 

12 

16 

..20 

$.18 
.19 
.19 
.20 
.22 
.24 

25 

$.18 
.19 
.19 
.20 
.21 
.24 

30 

No  pavement 

)ia<»dam 

Cedar     

Cedar  reserve  and  granite  . 

Granite  leserve 

Asphalt  and  brick  reserve  . 

$.18 
.19 
.20 
.21 
.24 
.29 

$.18 
.19 
.19 
.20 
.23 
.26 

$.18 
.19 
.19 
.19 
.21 
.23 

The  foUowinij^  table  contains  i4>proximate  figures  based  on  conditions 
prevailing  in  Chicago,  and  may  be  used  as  a  guidie  in  estimating  the  cost  oi 
conduit  construction  in  connection  with  the  table  preceding. 

Tabl«  for  JBattniatl^r  Total  CMt  af  Maahaloa  ia  l^ttfoMat 


'& 


9i 


meats  t 


Kinds  of  Pavement. 


No  pavement 


Cedar 
Cedar 

and  granite  .  . 
Granite  reserve  . 
Asphalt  and  hritk 


Sise  of  Manholes  in  Feet. 


3X3 


$41 
42 
43 

44 
46 

50 


3X4 


$47 
48 
40 

50 
53 

58 


4X4 


$63 
55 
56 

57 
60 

67 


4X5 


$64 
66 
67 

68 
72 

80 


5X6 


$109 
111 
112 

113 
117 

126 


6X6 


$133 
135 
136 

138 
144 

156 


6X7 


$142 
146 
146 

149 
155 

168 


7X7 


$160 
163 
164 

167 
174 

188 


8X8 


$189 
193 
194 

198 
207 

224 


9X9 


$222 
226 
227 

231 
.?43 

264 


Tlie  above  figures  are  based  on  the  same  prices  for  repaving,  labor,  brick- 
lavers,  cement  and  sand,  as  given  in  the  table  for  conduit,  and  upon  the 
lollowixig  unit  prices: 

Brick  work  including  labor  and  material    .    .    .    .     $12.50  per  cu.  yd. 

Concrete  tops  and  bottoms $7.50  per  cu.  yd. 

Back  water  gates 19.50  each. 

Sewer  grates 30  cents  each. 

Sewer  connections $12.50  each. 

Sewer  peraoits $5.50  each. 

Manhole  frames  and  covers  ..,,,., $15 .00  each. 
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H.  W.  Bucz 


I  SUtbic  Club  JovwA  Apaiu  1004. 


the  flToupiiis  of  diurt«  and  eoiutnuition  of  mubolcs- 

^ imched  togOiar  >nd  bnuaht  out  tX  ths  emUr  of 

w  DlBallola,  MB  ahuwn  in  Fia;.  12.  Here  the  oablca  divide,  hmif  jwannc  on 
alf  OD  thn  other  side  of  the  maaliole,  baiu  rutted  on  tbe 
,    JhiM  dencn  ii  objeotionmble  for  k  niuober  of  worn. 


Fio.  12.     Ordlury  Type  oT  Haulul*. 


in  erery  manbol*,  vhlch  t«ndB  I 

Uoel  bmk-downa  in  imdeixround  work  do  i 
abjaetioD  to  thl<  (aim  of  conduit  e  ~ 


Fto.  18.    Improved  Form  of  Uanhole  Ctonstraetian. 


™, r .  —  there  la  no  w«y  for  the  iuot  to  let  «wbji  bj?  a 

duotioQ.    The  intm-  ductif  are  mrn>U]id«d  hy  charaberv  containini  itiU  t 


Duoti  should  II 


nible  iiuulatoT  of  heat. 


taaregroui 


to  that   tbfl  caUee  a 


a  itraigbt  throuch  oD   the  a 


id  FV  14.     R. 
ptoMd  in  fear 
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A  further  etep  ip  dcaiso  Icadt  to  (he  arnmgemsDt  (bown 


Tta.  U,     llaabnla  OoiwtnKtioD  Adopted  by  NiaBsim  Falli  Pomr  Compwi]'. 

•— o  eointooe  holca.    Rgmovable  aoapBtooa  gbelvcs  divide  ths  cnnipi  o 
'-■—  ' — ' — ■-""  —  Mat  not  mora  than  one-quBrtcr  of  (ha  ntUDbar  o 


i 


vMh  in  th*  Bonduit  cu  )> 
tiat  d4iHj:n  the  esbLn  lUeo  m 

Id  plaoea  vhtfre  rook  is  ni 
•faovn  in  £^.  IS  ic  adopMcL 


M  wiv  time.     In 

I  Btnight  through  ths  dunhols  irithout  bend- 

II  ths  niHees  of  the  cround  the  oonetraMloD 


mnnRciaoraii  cabia*. 

round  In  MTeml  dUIsrexit  * 

'"dnnrfng  bi"  eyeteme,  « ,_, 

Ono  trpe  of  the  solid  ayiteoiB  la  that  In  vhloh  tbe  conduotora,  properly 
tandluod,  lead  ooTered  and  proteoted  by  armor,  are  laid  directly  In  the 
••rtb,  ■  plan  that  hae  been  widelf  adopted  In  Europe. 

Ska  AD,,s,„lBr  Ii>  "  «•■  la  ths  one  now  moat  «merally  adopted 
Id  (hk  ooniitry.  Thl>  plan  ntlllie*  Ihe  manholee  and  ooDdnlU  Jnat 
daaerfbcd.  The  eablea  are  drawn  Vnto  the  dnota  from  maDhole  to  manhole 
by  neaoa  of  a  rope  tbut  haa  been  prerlougly  drawn  thiongh  the  duct  by  a 
prooeee  termed  '"roddlng."  BoddlrK  conalsls  o(  aorawlng  one  rod  on  to 
uwther  In  tbe  manhole  and  pneblng  theni  throagb  the  daot  until  the 
tarther  and  la  rMched.  The  rope  Is  ntlnFtied  to  thnlant  rod  and  tbe  rods 
arawlthdraim  from  ibediicta  bringing  the  rope  with  them.  Somatimea  In 
plaoe  ot  rods  a  attff  ateel  wire  la  pnibed  throu^  the  dncti.    The  lop*  li 
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attached  to  the  cable  by  a  mechanical  device  which  securely  gripe  the  end 
of  the  cable. 

Variomi  means  of  drawing  the  cables  into  the  dacts  are  availed  of, 
depending  somewhat  on  the  size  of  the  cable  and  the  length  of  the  run; 
hand  power,  man  power  with  windlass,  horses,  electric  motors  and  gasoline 
enffinee  beins  thos  employed. 

Vjpc«  or  17Bdeiigxo«Bd  Gablea.— The  type  of  cable  employed  for 
underground  senrice  varies  largely  with  the  requirements.  Virtually  all 
underground  cables  are  lead  covered  to  prevent  injury  to  the  insulation  by 
moisture,  gases,  etc.  For  telephone  purposes,  lead  covered,  dry  paper, 
insulated  cables  are  universally  used,  to  obtain  low  static  capacity.  (See 
pages  180  and  188.}  For  telegraph  purposes  rubber  insulation  (see  page  229) 
and  oil  saturated  cotton  or  paper  are  utilised,  as  in  the  tel^^aph  servloe ; 
static  capacity  is  not  of  so  much  importance,  but  still  cannot  always  be 
disregarded,  especially  in  high  speed  telegraph  signaling.  The  conductor 
commonly  used  in  underground  telegraph  cable  Is  No.  14  B.  &  S.  copper, 
having  a  conductivity  of  98  percent.  In  the  case  of  cotton  fiber  or  paper 
cable,  each  conductor  is  insulated  to  six  fiiirty-fieconds  (A)  of  an  inch 
outside  diameter.  The  insulating  material  is  thoroughly  oried  and  then 
saturated  with  an  insulating  oil  or  compound. 

IPor  Slectrlo  MAglat  aad  Power  purposes  rubber,  paper  and 
varnished  cambric  insulation  are  largely  used.  (See  pp.  174  and  18D.)  Owing 
to  its  high  cost,  rubber  cables  are  not  now  in  as  high  demand  as  formerly, 
especially  as  oil  saturated  paper  cables  appear  to  be  quite  as  durable^ 
efficient  and  reliable  as  rubber  insulation  for  high  potential  work. 

It  was  formerly  the  practice  to  place  as  many  as  six  lead  covered  electric 
light  cables  in  one  duct,  but  experience  demonstrated  that  this  was  not 
advisable  owing  to  the  difficulty  in  withdrawing  when  necessary  one  or 
more  cables  from  the  duct  without  injury  to  the  remaining  cables.  A  bum- 
out  in  one  cable  also  frequently  injured  adioinlns  cables  in  the  duct. 
Present  practice  favors  having  only  one  cable  in  each  duct,  although  there 
mav  be  several  conductors  within  the  lead  covering.    (See  page  186.) 

To  prevent  burning  of  light  and  power  cables  due  to  short  circuits  in  the 
manholes  and  other  places  where  the  cables  are  bunched,  the  cables  are 
frequently  covered  with  asbestos  strips  about  3  inches  wide  and  A  inch 
thiolE,  well  impregnated  with  a  solution  of  silicate  of  soda  whicn  soon 
hardens  over  the  lead.  The  lead  covers  of  cables  carryins  alternating 
currents  of  high  amperage  and  low  E.  M.  F.  should  be  bondea  or  carefully 
insulated  in  uie  manholes  to  prevent  sparking  and  possible  consequent 
damage,  due  to  induced  currents  in  the  lead  cover  of  the  cables. 

All  lead  covered  cables  used  on  high  potential  circuits  should  be  pro- 
tected from  damage  by  static  discharge  by  flared  ends  or  bells,  that  is,  by 
enlargement  of  the  lead  sheath  to  fully  twice  the  diameter  of  the  lead  over 
the  cable,  for  a  distance  of  about  a  foot.  The  bell  should  then  be  filled 
with  some  good  insulating  material  like  Chatterton  Compound,  the  con- 
ductor ends,  in  case  of  multiple  conductor  cable,  being  carefully  separated. 

Cablo  Hoada.  —  To  prevent  the  entrance  of  moisture  to  the  ends  of 
telegraph  and  telephone  paper  cables  the  conductors  of  a  short  length 
(about  two  feet)  of  rubber  covered  cable  are  spliced  to  those  of  the  paper 
cable.  These  splices  are  then  insulated.  A  lead  sleeve  is  passed  over  the 
rubber  insulated  conductors  and  the  lead  casing  of  the  paper  cable  to  which 
it  is  then  soldered.  The  outer  terminal  of  the  rubber  cable  is  led  into  a 
metal  box  or  head  to  which  the  lead  sleeve  is  soldered.  The  free  conductors 
are  solidly  connected  to  Insulated  binding  posts  on  the  Inside  of  the  box, 
which  binding  posts  extend  to  the  outside  of  the  head,  thus  siving  access 
to  the  conductors  externally.  The  sleeve  and  box  are  then  filled  with  a 
melted  rubber  compound,  the  temperature  of  which  must  be  below  that  at 
which  the  rubber  insulation  wilf  soften ;  otherwise  the  rubber  will  be 
seriously  damaged. 

Bolls  for  Csyblo  KsdA..— All  lead-covered  cable  ends  should  be  pro- 
tected from  damage  by  static  discharge  by  flared  ends  or  bells,  that  is,  by 
enlargment  of  the  lead  sheath  to  fully  twice  the  diameter  of  the  lead  over 
the  cable,  for  a  distance  of  about  a  foot.  Lead  or  brass  cable  heads  or 
bells  are  much  used  on  the  ends  of  high  potential  nndergTonnd  cables. 
This  bell  should  then  be  filled  with  tome  good  tosnlating  material  like 
Ghatterton  Gomponnd,  the  conductor  ends,  ui  ease  of  molupla  oondnotor 
sables,  being  oareAdly  sepantted  and  arranged. 


CABLE  TESTING. 

SaVIBKD  BY  Wm.  Mavkk,  Jb. 


The  majority  of  the  methods  of  testi  and  measnreroents  given  herein  are 
applicable  to  atrial,  andergroand,  and  anbrnarine  cablet. 


IMrect  Dellectlom  Metliod,  witli  Mlrr«r  OaWAMoaictor.  ~ 

This  method.  Fig.  1,  la  generally  wed  in  this  country  in  underground  and 
submarine  work. 


CABLI 


FlO.  1. 

a  and  b  =  leads. 


O  =  galvanometer,  Thomson  or  D' Arsonval,  mirror  tyi>e.  A 

S  =  shunts  for  O,  usually  A,  ,1,,  WL,.  A 

B  zs.  battery,  X.  60,  or  100  chiorlae  nlver  cells.  ■ 

R  =  resistance  box  of  megohm  or  more.  ^ 

BK  =  battery  reversing  key.  ^ 

8K=.  shortHsircuit  key  for  Q. 
nnt  connect  a  to  lower  contact  point  of  SK,  and  take  constant  of  C7, 
using  1^  shunt,  and  small  number  ox  cells,  say  5  (depending  upon  the  sen- 
sitiveness of  (7),  with  standard  resistance  n  only  in  circuit,^  bdng  discon- 
nected as  shown.  If  6  cells  are  used  in  taking  constant,  and  100  cells  are 
to  be  used  for  test, 

_      ^     .       G  deflec.  x  shunt  x  i^  X  20  . 

Constant  =  ^^g— =s  megohms. 


After  obtaining  the  constant,  measure  insulation  resistance  of  lead  fr.  by 
Joteing  it  insteadcl  SK  to  a*  disconnecting  the  far  end  of  h  from  the  cable. 
The  result  should  be  infinity ;  but  if  not,  deduct  this  deflection  from  the 
deflection  to  be  obtained  in  testing  the  cable  proper.  Now  connect  the  far 
end  of  6  to  the  conductor  of  the  cable,  the  far  terminal  of  latter  being  free. 
Tlieii  open  8K  carefully,  and  observe  if  there  are  any  earth  currents  from 
tiie  cMle.  If  any,  note  deflection  due  to  the  same,  and  deduct  from  bat- 
tery reading  if  in  the  same  direction,  or  add  to  it  if  in  opposite  direction. 
Short-Circuit  O  with  8K,  and  close  one  knob  of  BK,  using,  say,  the  -^  shunt. 
After  a  few  seconds  open  8K ;  if  spot  goes  oif  the  scale,  use  a  higher  shunt. 
If  deflection  is  low,  use  a  lower  shunt.  After  one  minute's  electrification, 
note  the  defleetion.  The  result  may  be  worked  out  from  this  reading,  but 
the  current  should  be  kept  on  for  three  or  five  minutes  longer,  and  reiMings 
taken  at  end  of  each  minute.  The  defiection  should  decrease  gradually. 
At  the  end  ot  the  last  minute  of  test,  open  BK,  and  allow  the  cable  to 
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diseharge  fully.  Then  cloee  8K  and  press  the  other  knob  of  BK,  reverv- 
ing  the  hattery.  After  a  few  moments,  open  8K,  and  take  readings  of  defleo* 
tions  as  before. 

The  Insolation  resistance  in  megohms  —  ^"^         , 

U    X    <3 

where  d  is  the  deflection  at  a  given  time,  and  S  is  the  shunt  used.    If  no 


shunt  Is  used,  x  — 


constant 


Note  that  in  the  aboTe  constant,  the  ordinary  constant  is  multiplied  by  20 
for  the  reason  that  the  battery  is  increased  20-fold,  or  6 ::  100.  In  case  the 
same  battery  is  used  for  testing  as  for  obtaining  the  constant,  then 


constant » 


O  deflee.  x  S  X  B 
1,000,000 


Ima«l«tlair  CsiMe  SMda  for  T««ta.— Much  care  must  be  employed 
in  order  to  Insure  accurate  results  in  measuring  insulation  resistance.  The 
ends  should  be  well  cleaned  and  thoroughly  arled.  For  this  purpose  they 
are  sometimes  Immersed  in  boiling  paraffin  for  a  few  seconds;  or  the 
ends  may  be  dried  bv  the  careful  application  of  heat  from  an  alcohol  lamp. 

If  there  be  no  earth  currents,  the  readings  with  opposite  poles  of  battery 
to  the  cable  should  not  vary  appreciably  at  any  given  minute.  Pronounoed 
variation  between  the  readmgs  at  given  times  and  unsteady  deflections  indi- 
cate  defective  cable. 


Lesiateace  bj  Hetbod  of 


of  CIUU!S«. 


The  insulation  resistance  of  a  cable  or  other  conductor  having  considera- 
ble capacity  may  be  measured  by  its  loss  of  charee.  Let  one  end  of  the 
conductor  be  insulated,  and  the  other  end  attached  to  an  electrometer,  in 
the  manner  shown  In  Fio.  2. 


FlO.  2. 

Let  R  =  Insulation  resistance  in  megohms  per  mile. 
C=  Capacity  in  microfarads  per  mile. 
E  =  potential  of  cable  as  charged, 
e  =  potential  of  cable  after  a  certain  time. 
Depress  one  knob  of  key  Ky  and  throw  key  K'  to  the  right,  and  charge  the 
cable  for  one  minute ;  then  throw  key  K'  to  the  left,  thus  connecting  the 
cable  to  the  electrometer.    Note  the  deflection  E,    Noting  the  movement  of 
the  spot  for  one  minute,  take  reading  e  at  end  of  minute,  then 


Bz= 


26.06 
Clogf 


If  an  electrometer  is  not  conveniently  at  hand,  use  a  reflecting  galvanom< 
eter,  and  after  charging  cable  as  before,  take  an  instantaneous  discharge, 
noting  deflection  E  due  thereto.'  Recharge  cable  as  before,  then  open  A* 
and  at  end  of  one  minute,  the  galvanometer  having  been  disoonneeted  from 
cable  in  the  meantime,  take  another  discharge-reading  of  eable,  and  apply 
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the  same  fonnnla  a*  before.  If  a  condenser  of  low  capacity  be  inserted  be- 
tween K*  and  the  galvanometer,  the  latter  need  not  be  disconnected.  The 
advantage  of  the  nse  of  the  electrometer  is  that  the  actual  loss  of  potential 
of  the  cable  may  be  observed  as  it  progresses. 

VMtter  XvlMts  of  C»blM  by  Clark's  M««h«dL 

In  the  figure  (Fio.  3)  the  letters  refer  to  the  parts  as  follows : 


Fio.  8. 

O  Is  a  high-resistance  mirror  galvanometer. 

8  is  the  snnnt. 

Kj  is  the  short-circnit  key.    It  may  be  on  the  shunt  box  or  separate. 

J^/  is  a  reversing  key. 

X// is  a  discharge  key. 

j5  the  battery,  usually  100  cells  ohloride  of  silver. 

C  is  a  i  microfarad  standard  condenser. 

The  Joint  to  be  tested  is  placed  in  a  well-insulated  trough,  nearly  filled 
with  salt  water.  A  copper  plate  attached  to  the  lead  wire  is  placed  in  the 
water  to  ensure  a  good  connection  with  the  liquid.  The  connections  are 
made  as  shown  in  the  figure,  one  end  of  the  cable  being  free.  To  make  test 
close  A* ///for  a  half  minute;  then  release  it  (first  depressing  one  knob  of 
key  JT//),  thereby  discharging  the  condenser  C,  through  the  galvanometer, 
and  note  the  deflection,  if  any.  A  perfect  piece  of  cable  of  the  same  length 
as  the  joint  is  then  placed  in  the  vessel,  and  if  the  results  i^ith  the  Joint  are 
practiwlly  equal  to  those  obtained  with  the  perfect  cable,  the  Joint  is  passed, 
when  the  deflection  is  very  low,  it  is  evident  that  the  Joint  is  sound,  and  it 
may  then  be  considered  unnecessary  to  compare  it  vrith  the  piece  of  cable. 
It  is  very  important  that  the  trough  and  apparatus  be  thoroughly  insulated. 

Kl«ctrometer  Metliod.  >-  This  method  possesses  the  advantage  that 
it  dispenses  with  a  condenser,  and  thereby  avoids  possible  misleading  re> 
suits  due  to  eleotrio  absorption  by  that  instrument.  The  connections  for 
the  electrometer  test  are  shown  in  the  accompanying  figure  (Fig.  4>. 


ELECTROMITtfl 


Fio.  4. 

B  is  a  battery  of  about  10  cells. 
^j  is  a  battery  of  100  or  more  cells. 
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Am  in  the  preceding  test,  It  is  here  highly  easential  that  the  insulation  of 
the  trough  should  he  practically  perfect,  or  at  least  known,  so  that  if  not 
perlect,  proper  dednctions  may  oe  made  for  deflections  due  to  it  alone. 

To  teet  the  insulation  of  the  trough,  depress  A^,  and  close  switch  8.  This 
ehAfgei  the  quadrants  of  the  electrometer,  and  produoee  a  steady  deflection 
of  its  needle,  and  shows  the  ootential  due  to  the  small  hattery  B.  Now 
open  switch  8,  still  keeping  Kf  closed,  and  watch  the  deflection  of  needle 
for  about  two  minutes.  If  the  insulation  of  the  trough  is  not  perfect,  there 
will  be  a  circuit,  so  to  speak,  from  the  earth  at  the  trough  to  the  earth 
shown  in  the  figure,  and  a  fall  in  the  deflection  will  be  the  result.  If,  how- 
CTer,  the  drop  of  potential  is  not  more  than  is  indicated  by  a  fall  of  two  or 
three  divisions,  the  insulation  of  the  trough  will  sufl&ce.  The  electrometer 
is  discharged  by  dosing  switch  8,  which  short-circuits  the  quadrants,  K, 
being  open  at  this  time.  The  ioint  Is  now  connected  as  in  the  figure. 
Switch  8  is  opened,  and  key  K„  depressed,  thus  charsing  the  joint  with  the 
large  battery  B,.  This  produces  a  quick  throw  of  the  needle,  due  to  the 
charging  of  the  ioint.  Next,  keeptngATyy  closed,  discharge  the  electrometer 
by  closing  switcn  5  for  a  moment.  The  switch  is  then  opened,  and  if  the 
Joint  is  imperfect  as  to  Its  insulation,  the  deflection  will  rise  as  the  elec- 
tricity accumulates  in  the  trough.  The  deflections  are  recorded  after  one 
and  two  minutes,  and  are  compared,  as  in  the  previous  test,  with  a  piece  of 
perfect  cable.  The  results  obtained  with  the  Joint  should  not  greatly  ex- 
ceed those  with  th«  Mide  pnv«r. 


Oapaclty  tests  are  usually  made  by  the  aid  of  standard  condensers.  Con- 
densers, or  sections  of  the  plates  of  condensers,  may  be  arranged  in  parallel 
or  in  series  (cascade). 

ArrMMgsiaseMt  of  CoBdeaaere— Pamllel.  — Join  like  terminals 
of  the  condensers  together,  as  in  the  figure :  then  the  Joint  capacity  of  the 
oondensers  is  equal  to  the  sum  of  the  respectiye  capacities. 

Capacity,  C=  c  -f  c,  -|-  c«  -f-  c«^. 


Ill 


T      c"      c^ 


Flo.  S. 

im  Im  •«rl«a  or  Coacado.  —  Join  the  terminals,  as  in 
Fig.  6.  The  total  capacity  of  the  condensers  as  thus  arranged  Is  equal  to 
the  reciprocal  of  the  sum  of  the  reciprocals  of  the  several  capacities,  or 

1 

C^MMity  in  series  r=  1  ,1,1,     1 


'// 


*/// 


Fio.  8. 
«x>ndenser8  are  now  constmcted  so  that  these,  two  methods  of  arranging 
the  plates  of  a  condenser  may  oonyeniently  be  combined  in  one  condenser, 
thereby  obtaining  a  much  wider  range  of  capacities. 


^ 
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by  ]Mi«ct  IMscbAvve.  — It  !■  fr««iu«ntl7  4»- 
■Irable  to'know  the  capacity  of  a  condMuer,  a  wire,  or  a  cable.  Thi«  may 
be  aoeertained  by  the  aid  of  a  ■tandard  oondenier,  a  trigger  key,  and  an 
astatie  or  ballistic  galvanometer.  First,  obtain  a  con$tant.  This  is  done  by 
notixig  the  deflection  J,  due  to  the  dlschaige  of  the  standard  condenser  after 
a  charge  of,  say,  10  seconds  from  a  giyen  B.M.P.  Then  discharge  the  other 
eondenser.  wire,  or  cable  through  the  galTanometer  after  10  seconds  charge, 
and  note  we  deflection  <i^    The  capacity  c'  of  the  latter  is  then 

e  being  the  eapaelty  of  the  standard  eondenser. 

C»|Mict^  by  Vhi^mumm'B  Method.— This  method  is  used  with 
•eeurate  results  in  testing  the  capacity  of  long  cables.    In  the  figure  (Fig.  7) 


Fio.  7. 

B  ^  battery,  say  10  ohloride  sllyer  oeUt. 

R  =  adjnstable  resistance. 

J^=  fixed  resistance. 

G=z  galvanometw. 

C  =:  standard  conrtenier. 

1.2, 3, 4, 5,  keys. 

To  test,  close  key  1,  thus  conneoting  the  battery  B,  through  the  resist- 

icesJB,/?/,  to  earth.    Then 

V:  r,:\RiR, 

where  Tand  V,  =  the  potentials  at  the  lunctlons  of  the  battery  with  Jt  J?^ 

Next  close  keys  2  and  3  simultaneous^  for,  say  6  minutes,  thereby  char- 
ging the  condenser  to  potential  V.  and  the  cable  to  potential  ^ 

Let  Cbe  the  capaeltr  In  microfarads  of  the  eondenser,  and  c,  capacity  of 
cable,  and  let  Q  and  Q,  be  their  respective  charges  when  the  keys  were 
closed.    Then  Q'-Qt'-  VCi  r,C,, 

Open  kevs  2  and  3,  keeping  key  1  closed  for  say  10  seconds,  to  allow  the 
charges  of  cable  and  condenser  to  mix  or  neutralise,  in  which  case,  if  the 
charges  are  equal,  there  will  be  no  deflection  of  the  galvanometer  when  key 
5  is  closed.  Ii  there  is  a  deflection,  it  is  due  to  a  preponderance  of  charge 
in  Cor  C/.    Change  the  ratio  of  iZ  to  J8;,  until  no  deflection  occurs. 

Then,  FC=  T,  C, 

or  VjiViiC:  Cg. 

Bnt  we  found  F>  :  Vv.R,iR 

or  RfiRiiCiCf. 

J2 
snd  C/=  =-  C  microfarads. 
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Capadlj'  hy  CtoM*s  Btctliod. — Fie.  8  ihowi  tbt  oonnMiioiia  for 
testinc  the  insulation  of  a  cable  by  this  method,  which  ii  considered  som^ 
what  better  than  Kelvin's,  m  it  does  not  necessarily  require  a  well  insulated 
battery. 

First  adjust  the  resistances  R  and  Ri  to  the  proportions  of  Ci  to  C.  as 
nearly  as  may  be,  by  moving:  the  slider  8.  Depress  K  for  five  seconds, 
whioli  will  charge  both  cable  and  condenser.  At  the  end  of  the  time,  de- 
press k  and  observe  if  there  is  any  deflection  of  the  galvanometer  O.  If 
there  be  any  such  deflection,  open  k  again,  let  up  the  key  K,  and  short- 


K 


O  0 

MlllllHlll 


_^ji»^^^^^^^^^^^^ji.^^^ 


L    ^&^j   cJ 


OrouDd 


Flo.  8.    Qott's  Method  of  Cable  Testing  with  Condenser. 


circuit  the  condenser  Ci  with  its  plug  for  a  short  time,  then  readjust  R  and 
Ri  and  repeat  the  operation  until  there  ia  no  deflection  of  the  vftlvano- 
meter  O;  then 


C  iCi'.'.Ri'.R 


and  C  -  ^  C 


The  best  conditions  for  this  test  are  when  R  and  Ri  are  as  high  as  poa- 
sible,  say  10,000  ohms,  and  Ci  and  C  are  as  nearly  equal  aspossible. 

Vesttar  C»pacttle«  by  I.ord  MelvtM*a  ]»ead-]iea«,  M«ltl- 
cell«l»r  voltasctor.  —  Suitable  for  short  lengths  of  cable  (8«eI1g.9.) 


MV  ■■  multicellular  voltmeter. 
AC  —  air  condenser. 

B— battery. 
i9— switch. 

Q">  total  charge  in  condenser  and  Af  F,  due  to  battery. 
Ca— capacity  tf  AC. 
C6">  capacity  of  cable. 

First  dose  switch  8  on  upper  point  1  and  charge  MV  and  ilC  to  adestred 
potential,  V.  Next  move  switch  8  from  point  1  to  lower  point  2,  and  note 
the  potential  V,  and  MV. 

Then  Q  -  V(C+  Co)  -  Vt{C+Ca  +  Ch),  where  r  ^  the  capacity  of  volt- 
meter. Ordinarily  C  can  be  neglected,  as  compareo  with  the  capacities  of 
iiCand  the  cable,  in  which  case,  by  transposition, 

C6-(F-F/)Co*  V,. 
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OondactoiB  ci  telephone  cables  are  meaeured  for  eapaoity  with  the  lead 
•heathins  o^  armor  uid  all  oonduoton  but  the  one  under  test  grounded. 


Fia.  0. 


\tkm9  SrMike  tm  OaM«s  or  OrerUuidl  IFiiva  bj  Ci  _ 
city  Teata.  —  When  the  capacity  per  mile  or  knot  of  the  eonouotor  of  a 
eable  is  known  its  total  oapaoity  up  to  the  break  is  measiued  by  oomparison 

with  a  standard  eond«issr.  Tlien  «■■  — ^ ,  x  being  distance  to  fault  in  miles. 

m^  eapMliy  of  eonduetor  per  inlla  andst  total  oapaoltr  of  conductor  from 
the  testing  station  to  break.  A  dear  break  in  toe  nable  or  eonduetor  is 
assumed* 

MM  IM  CablM  •r  Asirial  ^Ttraa.— Prof.  Ajw 

-To  kwate  the  cross  at  d  (Fig.  10)  arrange  the  eonneouons 


-THPflT 


FlO.  10. 

M  shown.  TUs  is  lirtually  a  Wheatstone  bridge,  in  which  one  of  the  wires, 
«,  Is  one  of  the  arms  of  same.  Adjust  r  until  a  ix  +  y)  ^=z  hr,  when  r  will  be 
•qualto«+y,ifa=fr.  ^   ^' 

d 
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Next  eoimaet  the  battery  to  line  sn  Inttead  of  to  euth,  as  in  Fig.  11,  and 
adjust  a  until  cup  =  6y. 

and  aax-^ifssr\n  the  first  arrangement, 

hence.  *  =  n^* 

This  test  may  be  Tailed  by  transposing  G  and  the  battery,  in  Fig.  9,  whloh 
is  the  old  method  of  making  this  test. 

IiOCAtlMg'  F»«lte  IM  AerlAl  Wires  or  Cables  by  the  liOey 

Test.  —  Two  condnctors  are  necessary  for  this  test,  or  both  ends  of  a  oabfe 
must  be  available  at  the  testing-point.  Also  it  is  assumed  there  is  but  one 
defect  in  the  oondnotor.  The  resistance  of  the  fault  itself  is  negligible  In 
this  test.  ^^^ 

Measure  the  resistance  L  of  the  loop  by  the  ordinary  Wheatstone  bridoa. 

Marmj  nieUiod.—  Connect  as  in  Fig.  12,  in  irhioha  and  b  are  the 
arms  of  a  wheatstone  bridge,  and  y  x  are  resistances  to  fault,  the  oonduo- 
tors  being  Joined  at  J(ta  the  case  of  aerial  wire,  for  instance).  Close  key 
and  notetne  deflection  of  needle  due  to  E.M.F.  of  chemical  action  at  fault 
if  any.    This  is  called  the  false  aero. 


Fio.  12. 

Now  appl/  the  positive  or  negative  pole  of  the  batterv,  by  depressing  one 
of  the  knoDs  of  reversing  key  K,  and  balance  to  the  false  sero  previously 
obtained  by  varying  the  resistance  In  arms  a  or  b.  Then,  by  Mrheatstone 
bridge  formula, 

axr=  6y, 

and  lz=.X'\-p 

f=zl  —X 

apr= — r—l 

a-\-  b 

'      a  +  b  , 

To  ascertain  distance  in  knots  or  miles  from  2  to  F,  divide  i  by  resistance 
per  knot  or  mile ;  to  ascertain  distance  from  Ito  F,  diride  y  by  resistanoe 
per  knot  or  mile. 

The  foregoing  test  is  varied  in  the  case  of  comparatively  short  lengths  of 
cable,  in  the  manner  shown  in  Fig.  13y  in  which  tne  positions  of  the  battery 
and  galvanometer  are  transposed.  Otherwise  the  test  and  formula  are  the 
same.  It  is  advisable  to  reverse  the  connections  of  cable  or  conductors  at  2 
and  1,  and  take  the  average  of  results  obtained  in  the  different  positions. 
In  this  latter  method,  battery  B  should  be  of  low  resistanoe,  and  well  insu- 
lated. 

Best  conditions  for  making  test,  according  to  Kempe.  —  Resistance  of  d 
should  be  as  high  as  necessary  to  give  required  range  of  adjustment  In  a. 


"^ 
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Resutance  of  gBlvanometor  should  not  be  more  than  about  five  times  the 
cesistanoe  of  the  loop. 


Fig.  13. 

IFiurley  1^*59  '**^~~^Maure  resistanoe  of  looped  cable  or  oonduo- 
tors  as  before.  Then  connect,  as  shown  in  Fis.  14,  in  which  r  is  an  adjustable 
resistance.  If  currents  due  to  fault  be  present,  obtain  false  sero  as  before. 
Then  dose  key  K,  and  adjust  r  for  balance.  In  testing,  when  earth  current 
is  present,  ^e  best  results  are  obtained  when  the  famt  is  cleared  by  the 
nccative  pole,  and  just  before  it  begins  to  polarise. 


Fio.  14. 

L  -T 


where  x  is  the  distance  of  fault,  in  ohms,  from  point  2  of  cable  nroper. 

Then  x  -»-  by  the  resistance  oi  the  cable  or  conductor  per  knot  or  mile 
pves  the  distance  of  fault  in  knots  or  miles. 

When  the  resistance  of  the  "good**  wire  used  to  form  a  loop  with  the 
defective  wire,  together  with  that  portion  ci  the  defective  wire  from  J  to  F, 
is  less  than  the  resistance  of  the  defective  wire  from  the  testing  station  to 
fault,  the  resistance  r  must  be  inserted  between  point  1  and  the  good  con- 
ductor, the  defective  wire  being  connected  directly  to  point  1.    The  formula 

T    ^  R 

in  this  case  is  x  —  - — x — .  x,  as  before,  being  the  distance  to  fault  in  ohms. 


Ifocalixe    Vaalt   wlieH  Realetaace   of    Condactor   la 
»wMaaA  »  Parallel  CYaod  Wire  la  mot  Available.— Measure 

by  Wheatstone  bridge  resistanoe  (r)  from  A  to  earth  throuffh  fault  F,  and 
resistance  (rO  from  A'  to  earth  through  fault,  Fig.  15.  Let  72  be  resistance 
of  conductor  from  A  to  A\  x  the  actual  resistance  of  conductor  from  A  to 
F  and  y  actual  resistance  of  conductor  from  A*  to  J^. 

«...                                                  a  +r  -  r* 
Then  a  — = 
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and  y 

in  ohms,  from  which  the  diatanoe  in  feet  or  milea  may  be  oaloulated. 


%< 
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Ijoemtimg  Faalte  In  Iiui«latod  WIree.  — The  following,  eo  to 
speak,  "  mle  of  thumb/'  or  point  to  point  electro-meohanical  metnodB  of 
locating  faults  in  unarmored  cables,  in  which  the  defect  is  not  a  pronounced 
one,  haye  been  found  successful. 


"WArrmi'e  Method.  — The  cable  should  be  colled  on  two  insulated 
drums,  one-half  on  each  drum.  The  surface  of  the  cable  between  the  drums 
is  carefully  dried.  One  end  of  the  conductor  is  connected  to  a  battery  which 
is  grounded.  The  other  terminal  is  connected  to  the  insulated  quadrants 
of  an  electrometer,  the  other  pairs  of  quadrants  of  which  are  connected  to 
the  earth.  Both  drums  being  well  Insulated,  no  loss  of  potential  is  obserred 
after  three  or  four  minutes.  An  earth  wire  is  now  connected  first  to  one 
and  then  another  of  the  drums,  and  the  fault  will  be  found  on  the  drum 
which  shows  the  greater  fall  on  the  electrometer.  The  ooil  is  now  uncoiled 
from  the  defectiye  drum  to  the  other  drum,  and  tests  are  made  at  interrala 
until  the  defect  is  found. 


coils  the  core  from  a  tank  to  a  drum.  The  battery  is  con- 
nected between  the  tank  and  the  conductor,  one  endnrf  which  is  free.  A 
galvanometer  is  joined  between  the  tank  and  drum,  which  need  only  be 
partially  insulated.  The  needle  shows  when  the  fault  has  passed  to  the 
drum,  and  it  can  be  localised  by  running  the  galvanometer  lead  along  the 
insulatCNd  wire. 

Copper  Roslstaace,  or  CoadactiTlty  of  Cables. 

The  copper  resistance  of  the  submarine  and  underground  cables  used  in 
telephony  anc)  telegraphy  is  always  tested  at  the  factory,  usually  by  the 
Wheatstone  bridge  method.  In  such  a  case  both  ends  of  the  cable  are  ac- 
cessible. When  the  cable  is  laid,  if  the  far  end  is  well  grounded,  the  cop- 
per resistance  may  be  measured,  either  by  the  Wheatstone  brid^  method, 
or  by  a  subetitution  method,  as  follows:  First,  note  the  deflection  due  to 
copper  resistance  of  conductor.  Then  substitute  an  adjustable  resistance 
box  and  vary  the  resistance  in  the  box  until  the  deflection  equals  that  due 
to  cable.  Tnis  latter  resistance  is  the  resistance  of  the  cable.  If  there  are 
earth  currents  on  <^e  cable,  take  readings  of  cable  resistance  with  each 
pole  ci  battery.  Shoidd  ume  be  any  difFerenoe  between  the  results 
obtained  with  the  respective  poles  of  ttxo  battery,  the  actual  resistance 
will,  according  to  F.  Jacob,  be  equal  to  the  harmonic  mean  ci  the  two 
results,  i.e., 

where  JR  is  the  actual  resistance,  r  is  the  resistance  with  +  pole,  r^  is  the 
resistahce  with  —  pole. 

To  measure  copper  resistance  of  conductors  by  the  voltmeter,  first 
measure  the  E.M.F.,  V  of  testing  battery.  Then  place  the  voltmeter  in 
series  with  the  battery  and  conductor  or  instnmient  to  be  tested^  exactly 
as  a  calvanometer  would  be  placed,  and  note  the  deflection  V*  in  volts. 
It  wiu  be  less  than  in  the  first  instance.  Unknown  resistance  x  will  be 
found  by  the  formula: 

where  r  is  the  resistance  of  the  voltmeter  coll. 
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MLWKmf  C«re  of  the  eable.  that  Is,  the  insulated  eopper  oondnetor,  Is 
made,  as  a  rule,  in  lengths  ox  2  knots,  which  are  colled  upon  wooden  dmms, 
and  are  then  immersed  in  water  at  a  temperature  of  75^  F.  for  ahont  M 
hours.  The  coils  are  then  tested  for  eopper  resistance,  insulation  resia- 
tanoe,  and  capacity ;  the  results  of  which  tests,  together  with  data  as  to 
luigth  of  coils,  wei^t,  etc.,  are  entered  on  suitably  prepared  blanks. 

After  the  tests  ot  some  of  the  coils  have  been  inade,  the  Jointing  upof 
the  cable  begins,  which  is  followed  by  the  sheathing  or  armoring.  The 
joints  are  tested  after  24  hours  immersion  in  water.  JDurlng  the  sheathing 
process,  continuous  galvanometer  or  electrometer  tests  are  made  of  the 
core,  to  see  that  no  Injury  befalls  the  cable  during  this  process.  In  fact, 
practically  continuous  tests  of  the  cable  for  insulation  resistanee,  copper 
rerisiance.  and  capacity  should  be  made  until  the  laying  of  the  cable  begins. 

I>nring  laying,  the  cable  should  be  tested  continuously,  and  communica- 
tion should  be  practically  constant  between  the  ship  and  the  shore.  An 
arrangement  to  permit  such  tests  and  oommunleation  is  shown  in  Fig.  14. 


SHIP 
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In  this  figure,  Gt  is  a  marine  galTanometer,  B  is  a  battery  of  about  100 
cells  on  ship-board.  In  the  shore  station,  L  is  a  lever  of  key  IT,  C  is  a  con- 
denser, Os  IS  a  galvanometer.  Normally  key  K  is  open  and  the  cable  is 
charged  by  battery  B.  If,  wliile  the  cable  is  b«iijg  paid  out  a  defect  oocurs 
in  the  insulation,  or  if  the  conductor  breaks,  a  noticeable  throw  of  the  galva- 
nometer follows,  and  the  ship  should  be  stopped  and  the  cause  ascertained. 


if  they  vary  as  to  their  strength,  it  indicates  the  oocurrenoe  of  a  defect. 
At  the  end  of  every  hour  the  snip  reverses  the  batterv,  which  reverses  the 
direction  of  the  deflection  of  the  galvanometers.  If  the  ship  desires  to 
cooununieate  with  the  shore,  the  battery  is  not  reversed  at  the  hour,  or 
is  reversed  before  the  hour.  If  the  shore  wishes  to  speak  with  the  ship,  the 
key  K  is  opened  and  closed  several  times  in  succession.  In  either  event 
both  connect  in  their  regular  telegTi4>hing  apparatus  for  conversation. 

of  mor« 


C^iMpoiuid  <3al»l«i,  that  is,  cables  of  more  than  one  conductor,  have 
their  conductors  connected  in  series  for  these  tests.  If  there  is  an  even 
number  of  conductors,  two  of  them  must  be  connected  in  pax^Ilel. 

WiiMTttt^nr  Vaalts  Im  17«4lciigTomB4l  Csa»les. 

To  loealize  a  fault  in  a  conductor  of  a  cable,  form  a  loop  consisting  of  the 
defective  conductor  and  a 
gDod  conductor  of  eaual  resis- 
tance and  length,  witn  battery 
n  BB  shown.  Fig.  17.  Place 
an  ammeter  in  each  leg  of 
loop  L,  If  current  in  leg  A 
to  fault  F  ia  If  and  eurrent 
in  legA'  to  fault  is  f ;  Z>  being 
kngui  of  loop  L  and  x  the 
distanoe  from  A'  to  fault  F, 

Fig.  17. 


T 


332 


CABLE  TfiSTINQ. 


tiMO 


D-z 


and  X  "■ 


IL 


The  fomp—  method  of  locating  faults  in  undersround  cables  ooDsists. 
briefly,  in  sanding  a  constant  continuous  current  of  about  10  amperes  into 
the  cable  through  the  ground,  the  current  first  passing  into  an  automatie 
reverser  which  reverses  the  direction  of  the  current  flow  every  ten  seconds. 
A  nutnhole  is  then  opened  near  the  center  of  the  cable  length  and  a  pocket 
eompaas  laid  on  the  lead  sheathing  of  the  faulty  cable  and  observed  for 
say  half  a  minute.  If  the  grouna  bb  further  from  the  source  of  reversed 
current  the  compass  needle  will  swing  around  approximately  180*  upon 
every  reversal  at  the  end  of  each  ten  seconds  interval.  The  manhole  is 
immediately  closed  and  another  opened,  say  a  mile  further  away  from  the 
source  of  test  current,  and  if  no  motion  of  the  compass  needle  occurs,  then 
the  fault  has  been  passed  and  another  manhole  is  opened  between  the  two 
first  positions,  and  so  on  until  the  fault  ii  finally  located  in  a  section  be- 
tween two  manholes.    H.  O.  8iaU,  in  Tran$,  A,  /.  B,  B, 


Hirh  Tolteff«  or  IMelectrIc  Tests  of  €»bles  or  Otkor 


Gables  intended  for  hi|^  pressure  circuits  ranpng  from  600  to  60,000 
volts  or  more  are  usually  tested  at  the  factory  to  ascertain  their  ability  to 

withstand  specified  voltages.  For 
the  lower  voltages  the  cables  are 
g^erally  tested  for  three  or  four 
times  the  contemplated  working 
pressure.  For  higher  voltages  the 
cables  are  usually  tested  for  one  and 
a  half  to  twice  the  working  electro- 
motive force.  Bee  etandardigatwn 
rtdeeofA.I.B.B.  The  present  Umit 
for  underground  power  cables  is 
about  30.000  volts.  The  alternat- 
ing electromotive  force  for  these 
teste  is  supplied  by  specially  de- 
signed step-up  tranAormers,  which 
must  be  <n  sufficient  kw.  capacity 
to  supply  the  charging  current  called 
for  bjr  the  cable  to  be  tested.  The 
charging  current  varies  directly  as 
the  frequency  directly  'as  the 
E.M.F.,  and  directly  as  the  statle 
capacity,  and  as  apparent  enercr 
(Skinner,  Eledrital  Age,  July,  19(») 
is  eoual  to  current  multiplied  by 
E.MiF.,  the  apparent  output  ci  the 
transformers  lisquired  must  vary 
directly  as  the  frequency,  directly 
F>o-  18.  as  the  square  of  the  E.M.F..  and 

directly  as   the  statie  capacity  in 
microfarads  of  the  cable  or  apparatus  under  test.  ^  For  example,  an  under- 

Sound  cable  having  a  static  capacity  of  one  microfarad,  and  tested  at 
.000  volts,  60  cycles,  requires  a  testing  transformer  of  150  kilowatt  eapae* 
itv;  tested  at  40,000  volts  the  same  cable  would  require  a  testing  trans- 
former of  GOO  kilowatt  capacity.  The  testing  electromotive  force  is  regulated 
in  several  ways,  for  instance,  by  means  of  a  rheostat  in  the  field  of  the 
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Transrormer 
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or  Spark  G^ 


Fig.  19. 

tMB  liKfieator  masr  be  placed  in  the  primary  drouit  of  the  tntnaformer,  in 
which  oaae  the  E.H.F.Tn  testing  circuit  is  calculated  by  the  ratio  of  primary 
toseoondary  of  the  transformer,  or  the  voltmeter  may  be  placed  directly  in  the 
testinc  cireoit.  A  spark  gap  in  the  testing  circuit  is  frequently  employed 
aeroM  the  cable  or  apparatus  under  test  (Fig.  19),  the  E.H.F.  in  this  case 
being  obtained  from  a  table  of  voltages  of  spark  lengths  in  air.  (See  p.  23S.) 
In  appljring  hi|^  voltage,  say  anything  above  SOOO  volts,  to  a  cable  or 
to  a  pieoe  of  apparatus  for  the  purpose  of  testing  Its  insulation,  care  should 
be  taken  to  build  it  up  gradually  to  the  point  required;  and  for  this  it  is 
bast  to  place  a  voltmeter  across  the  primary  of  the  testing  transformer  and 
place  needles  for  a  spark  gap  across  the  secondary,  gauging  their  points  at 
the  distance  given  in  tne  rules  of  the  committee  of  standards  of  the 
A.  I.E.  E.  Run  the  voltage  up  gradually,  reading  the  voltmeter  as  the  pres- 
sure is  built  up.  until  the  current  jumps  the  gap.  when  the  indication  of  the 
voltmeter  should  be  carefully  taken.  When  the  test  is  being  made  the 
needles  should  be  set  about  10%  farther  apart,  and  the  pressure  obtained 
ean  be  read  on  the  voltmeter  direct.  Choke  coib  of  many  turns,  and  other 
hi^  resJstanoes  should  be  placed  jn  series  with  each  side  cf  the  spark  gap 
io  as  not  to  cause  damage  when  the  gap  oIoms.  Water  rheoetata  oonsisting 
of  ^asi  tnbee  about  8  feet  long,  |"  diameter,  and  filled  with  water,  make 
good  hii^  vaaistanee  for  this  puipoeei 
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DIRBCT-OURRBNT  DYNAMOS  AND  MOTORS. 

Rkvisbd  bt  Cbcil  p.  Poole. 

IfOTATIOM. 

Bxoept  where  other  deflnitions  are  jriyen,  the  deflnltlonB  of  the  lymbola 
wed  thronghont  this  Beotion  are  as  foflows :  — 

A  =  Area  in  square  Inohes. 

M  =  Aggregate  area  of  all  brush  faoes. 

m  =  Magnetic  density  in  armature  core  body  at  fall  load. 

M=  Magnetic  density  in  field  magnet  core  at  fall  load. 

p  =  Arerage  magnetic  density  oyer  pole-face  at  fall  load. 

T  =  Magnetic  density  In  armature  tooth  tops  at  full  load. 


1^=  Approximate  mafmetlo  density  in  armatore  tooth  tops  at  full  load. 

«  =  Magnetic  density  In  armature  tooth  roots  at  full  load. 

/  =  Approximate  magnetic  density  In  armature  tooth  roots  at  full  UmmL 

r  =  Magnetic  density  in  armature  teeth  at  a  speelfled  point. 

T*=.  Approximate  density  in  annature  teeth  at  a  specined  point. 
=  Brush-face  dimension  crosswise  of  oommutator  bars. 
Y     =  Average  distance  between  interpolar  edges  of  adjacent  pole-flMea, 
2^  =  Diameter  of  armature  core  oTer  teeth. 
JDk  =  Diameter  of  commutator  barret 
i^  =  Diameter  of  central  hole  in  armature  eore. 
Dp  =:  Diameter  of  pole-face  bore. 
Dt  =  Diameter  of  circle  drawn  through  narrowest  parts  of  armalweoora 

teeth. 
d    =  Diameter  of  bare  round  wire,  in  mili. 
A    =  Depth  or  thickness  of  winding  In  a  magnet  ooil. 
<     =  Alr-mp  length  from  pole-face  to  tops  at  armature  teeth. 
E    =  Total  E.M.F.  generated  in  an  armature. 
S»  =  E.M.F.  deUyered  by  a  dynamo  or  applied  to  a  motor. 
e     =  E.M.F.  at  terminals  of  one  magnet  coil. 
F   =  Ampere-turns  per  pole  required  by  complete  magnetic  olrouit  al 

full  load. 
Fq  =  Ampere-turns  per  pole  required  by  complete  magnetic  olrcuit  at 

no  load. 
Fu  =  Ampere-turns  per  pole  required  by  armature  core  at  full  load.  . 
Ff  =  Ampere-turns  per  pole  required  by  air-gap  at  full  load. 
Fm  =  Ampere-turns  per  pole  required  by  magnet  core  at  full  load. 
Fp  =  Ampere-turns  per  pole  required  bv  pole^iece  or  shoe  at  full  load. 
Fr  =  Ampere-turns  per  pole  required  to  balance  full-load  armature 

reaction. 
F»  =  Ampere-turns  per  pole  in  series  fleld-wlnding  at  full  load. 
F»h  =  Ampere-turns  per  pole  in  shunt  field-winding  at  full  load. 
Ft  =  Ampere-turns  per  pole  required  by  armature  teeth  at  full  load. 
Fp  =  Ampere-turns  per  pole  required  by  field-magnet  yoke  at  full  load. 
/     =  Ampere-turns  per  Inch  length  of  magnetic  path  at  full  load  : 

Subscripts  a,  m,  p,  t  and  y  apply  to  armature  core,  msgnet  core, 
pole-snoe,  armature  teetn  and  magnet  voke,  respectiyeiy. 
O    =r  Qlrth  or  perimeter  of  a  complete  magnet  coll. 
g     r=  Girth  or  perimeter  of  form  or  bobbin  on  which  a  magnet  eoll  la 

wound. 
\     =  Depth  of  armature  coll  slot, 
/a    =  Total  armature  current. 
Ilk  =  Shunt  field  current. 
Iw   =  Current  delivered  from  a  dynamo. 
i      =  Current  in  a  specified  conductor,  or  coil. 
%•     r=  Current  in  eacn  armature  conductor. 
luk  =r  sin  (180  j^  -r  P)  >  Jb*  73^  =  chord  of  polar  arc. 
kp    =  a  coefficient ;  1^  ^  =  Increase  of  air-gap  span  due  to  flux  spread. 
i^  =  a  coefficient ;  il>,  3  =r  increase  of  aii^p  width  due  to  flux  spread. 
k»     =  Number  of  commutator  bars  between  the  two  to  which  the  termi 
nals  of  each  armature  coll  are  connected. 

8d4 
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Jm  =  Length  of  magnetto  path  In  annatnre  «ore  beneath  slota. 

Itf  =  Length  of  a  Bpeoifled  field-magnet  ooil  parallel  to  flax  path. 

Lm  =  Length  of  magnetic  path  in  one  fleld-magnet  core. 

Xy  z:  Length  of  magnetic  path  in  one  magnet  pole^ieoe  or  shoe. 

Xy  =  Length  of  magnetie  path  in  fleld-magnet  yoke  between  adjaoeol 

L     =  Total  length  of  each  armature  oondnetor. 

m     =  Number  of  wlndingi  in  a  multiplez  armature  winding. 

itf«   rr  Total  number  of  armature  oondueton  around  armature  periphery. 

Jfk  =  Number  of  commutator  bars  and  armature  coila 

Ht   =  Number  of  armature  teeth  (and  ilota). 

Mk    =  MaTJmum  number  of  commutator  bars  simultaneously  in  oontaet 

with  one  brush  at  any  instant. 
F  =  Coefficient  of  magnetic  leakage. 
Pj^  =  Total  watts  lost  in  armature. 

P'j^  =  Total  watts  lost  in  armature  exolnslTe  of  projecting  parts  of  the 

winding. 
Pi    =  Watts  iMt  at  all  brush  faces. 
P*    =  Watts  lost  by  eddy  eurrents. 
Ph    =  Watts  lost  by  hysteresis. 
Pr    =  Watts  lost  in  entire  armature  winding  alone. 
Pf^  =  Watts  lost  in  armature  winding  ezdusire  of  pfojeeting  parts. 
Pa    ^  Watts  lost  in  series  field-magnet  windixig. 
Psh  =  Watts  lost  in  shunt  fleld-magnet  winding. 
P»  =  Watts  of  dynamo  armature  output  or  motor  annature  intake. 
p      =  Number  of  fleld-magnet  poles. 
q     =  Number  of  parallel  paths  through  an  annature  winding ; 

NOTV  :-~In  a  multiplex  winding,  q  =:  total  paths  in  all  th# 
windings. 
J2     =  Resistance  of  armature,  commutator  and  brushes,  warm. 
Rm    =  Kesistance  of  armature  windlne,  warm. 
Re/  ==  Resistance  of  embedded  part  of  armature  winding,  warm. 
A    =  Eifeotiye  resistance  of  sll  brush-face  contacts ;  7«/2i  =  Volts  drop 

at  brush  faces, 
r      =  Reslstanoe  of  a  specified  conductor  or  ooil  in  ohms. 
r.p.m.  =  Reyolutions  per  minute. 
r.p.s.  =  Revolutions  per  second, 
s         =  Width  of  one  armature  ooil  slot. 
T        r=  Torque  in  pound-feet. 
T         :=:  Width  of  one  annature  tooth  at  the  top. 
t         =  Width  of  one  armature  tooth  at  the  narrowest  part,  exeepi  la 

equation  32  and  Table  V . 
I         =  Number  of  turns  per  armature  coll :  only  in  equation  82  and 

Table  V. 
»j^      =  ^^mperature  rise  of  armature,  Fahrenheit  degrees. 

H  =  Temperature  rise  of  commutator,  Fahrenheit  degrees. 

9/  =  Temperature  rise  of  field  winding,  Fahrenheit  degrees, 

r  =  Widuk  of  one  armature  tooth  at  a  specified  point. 

♦  =  Magnetic  flux  passing  from  <me  pole-face  to  armature  at  fuU  load. 
*m  =  Magnetic  flux  In  magnet  core  at  full  load. 

4^       =:  Mi^pietio  flux  in  one  air-gap  at  no  load. 
•mq     =:  Magnetic  flux  in  magnet  core  at  no  load. 

*  =  Polar  span  -7-  pole-p»ch  =:  proportion  of  armature  eiromnf  erenee 

coTcred  by  all  pole-faces. 
9        =  Volume  of  iron  or  steel,  cubic  inches. 
vm       :=  Volume  of  iron  or  steel  in  armature  core  body. 
n        =  Volume  of  Iron  or  steel  in  armature  teeth. 
Wu     =  Oross  length  of  armature  core,  between  end  plates. 
«■       ^  Net  measurement  of  armature  core  Iron  parallel  to  ahaft  s  0 J  X 

( IT*  ~  Tentilatlng  ducts). 
Wk     =s  Width  of  commutator  barrel,  parallel  to  shaft* 
Wp     =  Width  afpoleJace  parallel  to  shaft. 

NoTB. — All  dimensions  are  in  inches,  except  wire  diameters. 
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One  Tolt  it  generated  in  anelectrical  condaotor  by  (he  **enttlnff*'  of 
100,000,000  maxwellB  per  second. 

One  Yolt  is  generated  in  a  looped  or  colled  conductor  by  a  uniform  yaria- 
tion  of  magnetic  flux  threaded  through  the  loop  or  coil  when  the  averago 
rate  of  change  ia  100/)00,000  maxwells  per  second. 

Conaegnently,  the  B.M.F.  generatea  in  any  direct-current  armature  is 


^  =  »-y.^r.p.B.10r« 
9 


(1) 


Dynamos  are 


Series-wound,  to  deliyer  constant  current, 
Shunt-wound,  to  deliver  approximately  constant  E.M.F., 
Compound-wound,  to  deliver  strictly  constant  E.M.F.  at  some  point  in 
the  work  circuit. 

The  entire  field  winding  of  a  series-wound  machine  is  in  series  with  its 
armature,  and  therefore  carries  the  full  current ;  an  auxiliary  regulator  is 
reonired  to  maintain  the  current  constant  under  varying  loads. 

The  field  winding  of  a  shunt-wound  dynamo  is  connected  to  its  brushes  in 
series  with  an  adiustable  resistance  (rheostat) :  as  the  load  increases,  the 
drop  in  the  armature  winding  and  connections  increases  and  the  available 
EJI.F.  at  the  terminals  is  thereby  reduced,  necessitating  adjustment  of 
the  rheostat  to  strengthen  the  field  excitation  and  bring  tne  terminal 
EJIf  .F.  up  to  normal. 

A  compound-wound  dynamo  is  provided  with  a  shunt  field  winding  com 
nected  either  to  its  brushes  or  to  its  main  terminals,  in  series  with  a  rheostat, 
and  an  auxiliary  winding  of  relatively  large  conductor  connected  in  series 
with  the  armature.  The  shunt  winding  exdtes  the  machine  to  normal  vol- 
tage at  no  load  ;  the  application  of  a  load  causes  the  field  excitation  to  be 
strengthened  by  reason  of  the  current  fiowing  in  the  series  winding.  The 
series  winding  is  proportioned  to  increase  the  field  strength  in  response  to 
any  increase  in  load,  to  such  an  extent  as  to  maintain  the  proper  KM.F.  at 
a  predetermined  point  in  the  work  circuit.  The  rheostat  in  the  shunt  field 
circuit  is  for  Uie  purpose  of  adjusting  the  no-load  E.M.F.  within  practical 
limits. 

The  relation  between  field  excitation  and  generated  E.M.F.  is  shown  by 
the  "  magnetization  characteriKtic  "  curve.     See  Fig.  1.     The  early  part 

of  the  curve  is  practically  a  straight 

line  because  the  iron  or  steel  in  the 

magnetic  circuit  has  such  high  perme- 

ability  at  low  degrees  of  maffneuzation 

{J  ^      /  that  the  fiux  is  almost  directly  pro- 

1        /  portional  to  the  exciting  force.    As 

jl^  /  the    iron   or  steel    approaohes    sat- 

uration, the  permeability  decreases 
e  B    /  rapidly  and  a  given  increase  in  exoita- 

3i  /  tion  will  not  produce  an  Increase  in 

» i  /  .  flux  equal  to  the  increase  produced 

SK sJ — Is .  by  the  last  previous  equal  increase 

F   «iMM-.TWMi  on  ntuD  in  excitation ;  hence  the  sharp  bend 

in  the  curve.  In  constant-potential 
machines,  the  magnetic  circuit  should 
be  proportioned  so  that  at  no  load 
the  characteristic  curve  has  com- 
menced to  bend  sharply,  as  at  the  intersection  of  the  lines  a  and  c  in  the 
diagram ;  the  lines  h  and  d  indicate  respectively  the  toUl  internal  B.M.F. 

S Aerated  at  full  load  and  the  ampere-turns  required  to  produce  it,  and  their 
tersection  establishes  the  point  on  the  magnetisation  curve  corresponding 
to  full  load. 


onniLO 


Fm.  1.    Magnetisation  Curve. 
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_^,^ jl  Charaeteriatlc— This  exarre  Is  »ciirreof  rostilta,  in 

vhich  the  dyuftmo  is  excited  from  its  own  current,  and  with  the  speed  oon- 
Btant,  the  terminal  voltage  is  read  for  different  TaloeB  of  load. 

The  curves  for  series,  shunt,  and  compound  wound  machines  all  differ. 

The  observations  are  best  plotted  in  a  curve  In  which  the  ordinates  repre- 
sent volt  values,  and  abscissie  amperes  of  load. 

Sene9  dynamo.  In  a  series  machine  all  the  current  flowing  magnetises 
the  field,  the  volts  increase  with  the  current,  and  if  fully  developed  the 
curve  is  somewhat  like  the  magnetisation  curve,  being  always  below  it. 
however,  due  to  the  loss  of  pressure  in  overcoming  internal  resistanoe  and 
armature  reactions.  The  diagram,  Fig.  2  (armature  reaction  being  neg- 
lected). Is  a  sample  of  the  external  characteristic  of  a  series  dynamo. 

To  construct  this  ofUrve  trom  an  existing 
machine,  the  curve  of  terminal  voltage  can 
be  taken  from  the  machine  itself  by  driving 
its  armature  at  a  constant  speed,  and  varying 
the  load  in  amperes. 

The  curve  '*  drop  due  to  internal  resistance," 
sometimes  called  the  "  loss  line,"  can  be  con- 
structed by  learning  the  internal  resistance 
of  the  machine,  and  computing  one  or  more 
values  by  ohm's  law,  and  drawing  the  straight 
line  through  these  points,  as  shown. 

The  curve  of  total  voltage  is  then  con- 
structed by  addinff  together  the  ordinates  of 
the  **  terminal  voltage"  and  "drop  due  to 
internal  resistance." 

A  very  good  sample  of  curve  from  a  modem 
series  machine  is  to  be  found  in  the  following 
description  of  the  Brush  arc  dynamo. 

Fig.  8  Ja  a  characteristic  curve  of  the  new  Brush  126-lt.  Arc  Dynamo 


AMPUCa  LOAD 


Fio.  2,    External  Charao- 
torlstic  of  Series  Dynamo. 
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FlO.  3.   Characteristic  curve  of  Brush  125-Llght  Arc 
Dynamo  without  Begulator. 
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Buolilns  ■tthoat  mi;  nfnUtOT.  The  rskdlnp  ware  all  Uken  at  the  ipark- 
l«M  posltloD  of  oommuUtlon.  This  cnrre  \t  remukable  from  tbs  f»0(  tbM 
-'■ — la  get  over  the  bend,  the  eurre  !■  Blmuot  perpendlcuUi,  and  ii  prob- 
^ .. .  . alulned. 


at  approaob 
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ednoed  I 


Bnub  U^Xlght  Ato  ^nai 


rent  from  the  Held ; 

d  alio  havfl  made  the  macbine  i_ 

i  preeeat  method  of  reKalaClon  the  I  •«  lou  at  oue-qoarter  load 

«a  4,018  to  3,307  watti,  the  (pilD  being  almoat  one  eleotiioal 


Tig.  4  la  a 

■ttSuoadr 
aniw  of  iron  In  the  i 


il  efflelencv.  It  t11)  be  notloWl  UlM  thit 
lloh  ia  aosonnMl  for  by  Ibe  Ubenl  allow- 
—  -'--•--'*--  — 1 — * if  tba  mafnetlo 


d  b  J  the  large  alie  of  the  vlre  Died  on  both  Held 


....,_    .    -n  at  on»4]iu 

Fig.  0  1*  a  onrre  of  tbe  maohlne  M»araIeWeialted,  i 

•huiiun  tbe  amperea  In  tbedeld.    Thli  le  in  reality  a  p< , 

.-      —        »_  ^  oompaiiaou  of  the  ndlage  abonlMn  vban 


ij.  At  full  load  tl 
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Fra.  a.    PsrmeabllltT  Oarre  at  MigneUg  dmilt 
of  Bnuh  lamLight  Am  I>jDUao. 

IndloatM  a  new  dtpartnra  In  an  dTDuna  dcalgn,  DMDelj,  tbat  ths  mumthi 
dCBoU  li  not  worked  at  douIt  u  mgh  a  polot  at  wtnntloii  u  In  tCa  old 

sSinl  (bntcOTo.  The  Btaanl  dTnuno  hu,  baildee  an  txlemal  cAoroi 
■bon  twlow,  ui  iiifaniaJ  cAarncleHltiii.    Tlis  lint  li  dsraloped  fi 


ntfBeepf^i 
lit  d^nBrno  n 


I  1*  being  »ddad,Iha  vmal 

nplf  rodnofng  thi 


-cnlt.    Wtth  all  ihunl  nuuhlnea  there  ii  >  polnl 

.  _.     _   It  H,  beyond  -whleh.  If  the  radstuue  li  further  ndnced,  lh« 

TDlti  will  dnip  nnr  abmiitly,  and  UbiiII;  teaoh  H 
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o  tbfl  point  a  on  thi 
iowITA*'  ihe  oi 

ta  plottsd  *erU0KllT  uid  uupsrei  horUoDMUf ,  Kud  ai  r  = 


ODlTlppllH 

thai  point  l>  determined  b*  obaa  Uh,  or  M  toV 
nugnatiialloii  Ifl  dalermined  from  tha  nuUDg  of 


b,  therefore  tba  ntlttuue  U  uij  point  on  Uwei 


HriM  and  ihont  maohlnet, 


nglemada  bj  jolnlns  Uut  point  to  tha  ortglna. 

Aa  the  oompoimd  djiimmo  Is  t.  oombliuMon  of  the 

ilnet,  the  obkTMteiiitlca  of  both  nuj  be  obtatnad 


ChaneteriBUc  ( 


tig.  >  li  ■  Nunple  soTTe  from  >  eom- 
<  ponnovooud  dTnamo,  where  tke  In- 
I  onwe  of  nuunstltMIOD  of  U>e  fleldi 
I        doe  to  the  aanaa  eoHi  and  load  eaoH* 

tha  tarmloal  voltage  to  ilja  aa  tha  load 
la  iDOreaaed.    Thla  !a '-  -■ 

yrfiL    to  make  np  for  diT" 

'""^    centre  of  aiatrlbul.__. 

bla  in  ordlnarj  oominerclal  drnamoa 

pproach  a  straight  Una,  and  the  author  haa 

c_  .. 1.  .  girmight  Una  of  r^ulatlon 


drop  In  feedera  to  the 


Djna 
to  make  thli  eture  cloae 

found  it  dUBanlt  tor  |ood _„.... 

uearei  than  II  pcv  oant  either  aide  of  It  for  the  eilreme  lariat.uu. 

Oarr«  vr  Riai^dUa  IMa*rik«M*ii.  — TtaEa  onrre  ig  wnatmoted 
from  eilitlns  drnamoa  toahov  tha  dlatrlbutlon  of  tha  Held  aboat  tha  pole- 
■rieoea  1  It  oau  be  plotted  on  the  recnlar  reotangnlar  oo4rdlnate  plan,  or  on 
thepolar  oo-ordlnal«. 

followlnBauta lUnatrate  the  oommoneat  melhoda  of  lattlug  tha  data 
leorre.    with  thedynamo  rnnnlnji  at  tha  apeed  andloaddeatreri,  the 
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eeof 

<i   and   b. 

tC^fo-S 

in  m.  li. 

dliT 

ran 
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en  that  and 

thedUTerenoe  in  tolta  between  the  bri 
hmah.  a.  la  read  on  the  Toltmater. 

Where  the  one  pilot  tinub  la  naed,  the  total  dlffi..— 

the  origin  li  read  :  while  with  two  broahea,  aa  a  and  b.  which  are  cominoBly 
faatenad  to  •  handle  In  auoh  araanner  aa  to  be  the  width  of  a  aegment  apajt, 
jnat  the  differenca  between  the  two  adjacent  aagmentg  ia  rtiad,  and  the  total 
dlffetenoa  ta  dalermlnal  b;  adding  the  lodlddnal  dlllerencea  together. 
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Direot-onrrent  armatoreB  are  dirlded  into  two  general  forma. — dttun  arma- 
turea.  In  which  the  condoctors  are  placed  wholly  on  the  siirfaoe  or  ends  of 
a  cylindrical  core  of  iron  ;  and  ring  armatoree,  in  which  the  conductors  are 
wound  on  an  iron  core  of  ring  form,  the  conductors  being  wound  on  the  out- 
side of  the  ring  and  threadedthrough  its  interior. 

Another  form  used  somewhat  abroad  is  the  ditk  armature,  in  which  the 
conductors  are  arranged  in  disk  form,  the  plane  of  which  is  perpendicular  to 
the  shaft,  and  without  iron  core,  as  the  disk  reTolres  in  a  narrow  slot  be- 
tween the  pole^iecee. 

Armatures  ox  the  slotted  or  toothed  core  type  are  almost  ezclusirely  em- 
ployed now.  The  coils  are  set  into  the  slots,  with  the  results  that  eddy  cur- 
rents In  the  conductors  are  prerented  and  the  conductors  are  positively 
driven  by  the  core  teeth.  The  cores  are  built  up  of  sheet  steel  disks  in  smau 
stses,  annular  sheets  in  medium  sixes,  and  staggered  circular  segments  in 
large  sizes  ;  the  steel  is  from  15  to  26  mils  thick  and  the  sheets  are  clamped 
firmly  together  by  end-plates.  In  order  to  prevent  eddv  currents  in  the 
core,  the  disks  or  sheets  are  either  coated  with  an  insulating  varnish  or 
separated  by  tissue  paper  pasted  over  the  entire  surface  of  one  side  of  each 
disk  or  sheet. 

The  toothed  armature  has  the  following  advantages  and  disadvantages  as 
compared  with  the  smooth  body: 

JdvaiUages. 

1.  The  reluctance  of  air-gap  is  minimum. 

2.  The  conductors  are  protected  from  injury. 

8.  The  conductors  cannot  slip  along  the  core  by  action  of  the  electrody- 
namic  force. 

4.  Eddy  eurrents  in  the  conductors  are  almost  entirely  obviated. 

6.  If  tne  teeth  are  practically  saturated  by  the  field  magnetism,  they 
oppose  the  shifting  of  the  lines  by  armature  reaction. 

DiBodvoMtage*. 

1.  More  expensive. 

2.  The  teeth  tend  to  generate  eddy  currents  in  the  pole-pieoes. 
8.  Self-induction  of  tne  armature  is  increased. 

If  the  slots  can  be  made  less  in  width  than  twice  the  air-gap,  so  that  the 
lines  spread  and  become  nearly  uniform  over  the  pole-faces,  but  little 
effect  will  be  felt  from  eddy  currents  induced  In  the  pole-faces.  When  it  is 
not  possible  to  make  such  narrow  slots,  pole-pieces  must  be  laminated  in 
the  same  plane  as  the  disks  of  the  armature  core,  or  the  gap  must  be  con- 
siderably inereased. 

HuMteretiM  in  the  armature  core  can  be  avoided  to  a  great  extent  by  using 
the  Dest  soft  sheet  iron  or  mild  steel,  which  must  be  annealed  to  the  softest 
point  by  heating  to  a  red  heat  and  coolins  very  slowly.  Disks  are  always 
punoheo,  and  are  somewhat  hardened  In  the  process;  annealing  will 
entirely  remove  the  hardness,  and  any  burrs  that  may  have  been  raised. 

Disks  should  be  punched  to  sixe  so  carefully  as  to  need  no  filing  or  truelng 
up  after  being  assembled.  Turning  down  the  surface  of  a  smooth-body 
armature  core  burrs  the  disks  together,  and  is  apt  to  cause  dangerous 
heating  in  the  core  when  finished.  Light  filing  is  ^1  that  is  permissible  for 
tming  up  such  a  surface.  Slotted  cores  should  be  filed  as  little  as  possible, 
and  ean  sometimes  be  driven  true  With  a  suitable  mandrel. 

Armaitire  shafts  must  be  very  strong  and  stiff,  to  avoid  trouble  from  the 
magnetic  pull  snould  the  core  be  out  of  center.  They  are  made  of  machin- 
ery steel,  and  have  shoulders  to  prevent  too  much  endwise  play. 

Cmn  iMaolsitlOM.— A  great  variety  of  material  is  used  lor  insulating 
the  core,  including  asbestos,  which  is  usually  put  next  to  the  core  to  prevent 
damage  from  heAting  of  that  part,  oiled  or  varnished  paper,  linen,  and  silk ; 
preaeDoard  ;  mica  and  micanite.  For  the  slots  of  slotted  cores  the  insula- 
tion is  frequently  made  into  tubes  that  will  slide  into  the  slots,  and  the  oon- 
duetors  are  then  threaded  through.  Special  care  must  be  taken  at  comers 
and  at  turns,  for  the  insulation  is  often  cut  at  such  points. 
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For  all  niuJl  ijjuaaot,  and  in  muy  of  coiuldenble  (lui,  th«  winding  li 
ot  doable  oatlan-ooTared  Tire.  Whan  the  required  oartTlDg  euaoitT  la 
mora  (ban  (but  of  a  Vo.  S  wire,  B.  &  S.  oausa,  tba  condaotor  abonld  ba 
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Ito.  tn.     Two-pfttli  ilugls  fDDT.poIe  siudliig 


lb  iwll  mn  loMtsd 


Ln  multipolar  muMnM  tbs  liro  "■Ida*"  of 
le  apart  approilmual;  equal  to  the  pola 

M  ol  the  core  (we  Fig.  21).    The  p ■^— 

iiDed  bjr  each  ooU  la  pnfenblj  a 


■.SSTSi 


ARMATURES. 


than  the  pole  pIMh ;  fOr  >  toothed  ai 


tl  ■haold  Hldom  •Kwad  3  Id  uiy  c 

AUbipvliidtliBihaTa  jiDt  panlUl  palhi.    A  mnlUplsi  vindiug  oonilltl 
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them. 
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k.=  lJ^ 

Lfl_i 

.   (3) 

The  amaller  lalne  of  fc  !■  prererable,  bat  oholee  between  the  two  la  am- 
kllT  determined  b;  the  cbaloe  IwCwsen  the  reanltliig  claetw  of  wludlng.  If 
fc>  4- 1  and  1ft  haxe  a  eommon  tattur,  tbe  winding  will  be  of  the  plnral  ot 
multiplex  type  ;  If  uM,  ■  ilmple  waTe-ooniieeted  winding  will  reanlt,  pro- 

Id  ilotted  armatnrea  the  Dnmber  of  eoDdnclon  miut  be  ft  multiple  of  tbe 
nnbor  (tf  ooudiuton  par  alot. 


DYNAMOS    AND    MOTORS. 


Fig-  J3  l«  ■  illipun  of  ■  two-p«th  trlplen  wliiillnff,  i>..  Ihren  t<ii>n-p«lb 
wlnrTlnn  conn«tei]  In  pvitUsl  b«  Chi  bru«1i».  It  Is  iiisUienistlullT  the 
cqulTBTenCof  Bilngle  ■(i-psth  winding. 


Fig.  Mihow*  dligriunniatloallf  IhecbarnetcriitiCB  of  theoaunl  two-paib 
Armaturs  windlnB lued  on  ecrs*t  nllva;  moton,  In  whkli  there  are  thre* 
tlDM  H  mu;  ecdli  M  Ihare  are  iloM.    In  thii  cue  x>  =  0.2S  and  k,  =  U. 
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tic  Clreaite  te 

IMffleulty  has  b«en  ezp«ri«ne6d  In  the  operation  of  large  multipolar  dlreot- 
eorrent  machines  with  parallel  wound  armatures,  owing  to  differing  mag- 
netic strengths  in  the  poles.  The  potential  generated  in  eouduotors  under 
one  pole  differed  from  that  generated  in  conductors  similarly  situated  under 
anotner  pole  of  the  same  polarity,  the  result  being  a  sliffnt  difference  of 
potential  between  brushes  of  similar  polarity.  This  causecT  currents  to  flow 
from  one  brush  to  another,  and  from  one  section  of  the  armature  winding 
to anotherjattended  by  wasteful  heating  of  conductors  and  sparklxig at  the 
brushes.  This  diiBculty  is  obviated  by  ue  Wesiinghouse  Electric  s  Manu- 
facturing Ck>mpanT  by  the  following  method  of  balancing : 

A  numoer  of  points  in  the  armature  winding  corresponding  to  the  num- 
ber of  pairs  of  poles,  which  are  normally  of  equal  potential,  are  connected 
by  leaoa  through  which  currents  may  pass  from  one  section  to  the  others 
with  which  it  Is  connected  in  parallel.  The  currents  are  alternating  in 
character  and  lead  or  lag  with  reference  to  their  respectiye  E.M.F.'s. 
They  thus  magnetise  or  demagnetise  the  field  magnets  and  automaticidly 
produce  the  necessary  balance.  This  method  of  balancing  is  also  of  adyan- 
Uge  in  eliminating  the  sparking  at  the  brushes  and  the  wasteful  heating, 
wmeh  occur  when  an  armature  becomes  decentralised,  owing  to  wear  of 
the  bearings,  or  to  other  causes.  When  an  armature  gets  out  of  center  the 
air-gi4>  on  one  side  is  greater  than  the  alr-«ap  on  the  opposite  side.  The 
potential  generated  in  the  coils  —  if  the  armature  has  the  ordinary  multiple 
winding— will  be  much  greater  on  the  side  having  the  smaller  air-sap  than 
that  generated  under  poles  of  the  same  polarity  on  the  opposite  sloe.  Con- 
sequently.  a  current  corresponding  to  this  diirerence  of  potential  flows 
through  the  brushes  from  one  section  of  the  winding  to  another.  This  flow 
of  current  will  act  the  same  as  if  two  generators  were  coupled  rigidly  on  one 
shaft  and  the  potential  of  the  one  raised  above  that  of  the  other.  The 
maehine  having  the  higher  potential  would  act  as  a  generator,  and  the 
other  would  run  as  a  motor.  This,  of  oourse,  would  result  in  bad  sparking 
and  the  burning  of  the  brushes. 

By  the  use  ofthe  above  balancing  method,  however,  the  armature  eonld 
be  eonsiderably  out  of  center  and  no  injurious  results  occur,  as  the  bsJanc- 


others — a  fact  which  enables  a  relative^  small  current  to  balance  ^e  <rfr- 
euits  effectively. 

WKmmMmtf  of  JinsAtarca. 

The  temperature  an  armature  will  attain  during  a  long  run  depends  on 
its  peripheral  speed,  the  means  adopted  for  ventilation,  Uie  heating  of  the 
conductors  by  eddy  currents,  the  heating  of  the  iron  core  by  hysteresis  and 
eddy  currents,  the  ratio  of  the  diameter  of  the  insulated  conductor  to  that 
of  its  eopper  core,  the  current  density  in  the  conductor,  the  radial  depth  of 
winding,  whether  the  armature  is  of  cylinder  or  drum  type,  and  the  amount 
and  character  of  the  cooling  surface  of  the  wound  armature. 

The  higher  the  peripheral  speed  of  the  armature  the  Icm  is  the  rise  of 
temperature  in  it.  Bfr.  Esson  gives,  as  the  result  of  some  experiments  on 
armatures  with  imootJk  cooling  surfaces,  the  following  approximate  rule : 


•a  = 


<sf(i-f  0.00018  F)  —  S'(  1  -f  o.oooBe  ro  • 


rhere  $^  =  difference  of  temperature  between  the  hottest  part  of  the  arma- 
ture and  the  surrounding  air  in  degrees,  Centigrade, 
Pj^  =  watts  wasted  in  armature, 

8  =  nctive  cooling  surface  in  square  Inches, 

S*  =  active  cooling  surface  in  square  centimeters, 

V  =  peripheral  speed  of  armature  in  feet  per  minute, 

V  =  peripheral  speed  in  meters  per  minute* 
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Th«  moM  eilLol«iit  the  meani  adopted  for  TentHfttins  the  armatiire  by 
enrrents  of  air,  the  smaller  is  the  temperature  rise.  Some  makers  leare 
spaoee  between  the  winding  at  Interyals,  thus  allowing  the  air  free  aooeas 
to  the  core  and  between  the  oonductors.  A  draught  ox  air  through  the  in- 
terior of  the  armature  assists  cooling  and  should  oe  arranged  for  wheneyer 

possible. 

Forheary  currents  it  is  sometimes  necessary  to  subdiylde  the  condnotors 
to  prerent  eddy  currents;  stranded  conductors,  rolled  or  pressed  hydraulic- 
ally,  of  rectangular  or  wedge-shaped  section,  have  been  used.  Such  sub- 
dimlon  should  be  parallel  to  the  axis  of  the  conductor,  and  preferably 
affected  by  the  use  of  stranded  wires  rather  than  Umin».  Few  armature 
conductors  of  American  dynamos  of  to-day  are  divided  or  laminated  in  any 
degree  whatsoever.  Solid  copper  bars  of  approximately  rectangular  cross- 
section  are  often  used,  and  little  trouble  is  found  from  Poucault  currents. 

Mr.  Kapp  oonsiders  1 JS  square  inches  (9.7  square  centimeters)  of  cooling 
surface  per  watt  wasted  in  the  armature  a  fair  allowance. 

Bsson  gives  the  following  for  armatures  revolving  at  3000  feet  per  minute : 

P^  =  watts  wasted  in  heat  in  winding  and  core, 
8  =r  cooling  surface,  exterior,  interior,  and  ends,  in  square  inchee, 
8'  =  cooling  surface,  exterior,  interior,  and  ends,  in  square  centi- 
meters, .  ^     M  ^  ^ 

#^  s  temperature  difference  between  hottest  part  of  armature  and 

surrounding  air  in  (7=>. 

SB  P»  225  Pa 

Then  •^ti'HJ-^  or    f^-L^. 

^8  8' 

Speoifleatlons  for  standard  electrical  apparatus  for  U.  8.  Nary  say,  **  Ko 
pan  of  the  dynamo,  field,  or  armature  windings  shall  heat  more  than  00^  F. 
abore  the  temperature  of  the  surrounding  air  after  a  run  of  four  hours  at 
maximum  rated  output." 

Aecordlng  to  the  British  Admiralty  spedfloation  for  dynamos,  the  tem- 
perature of  the  armature  one  minute  after  stopping,  after  a  six  hours*  run, 
must  not  (ixceed  30^  F.  above  that  of  the  atmoephere.  In  this  test  the  ther- 
mometer is  raised  to  a  temperature  of  9SP  F.  above  that  of  the  atmoephere 
before  it  ia  placed  in  oontaet  with  the  armature,  and  the  dynamo  complies 
(or  does  not  comply)  with  the  speolflcation  according  as  the  thermometer 
does  not  (or  does)  indicate  a  further  rise  of  temperature. 

The  best  dynamo  makers  to-day  specifv  40^  and  46^  O.  as  the  maximum 
rise  in  temperature  of  the  hottest  part  of  a  dynamot  or  66^  if  the  tempera- 
ture of  Uie  commutator  surface  is  to  be  measured. 


In  many  direct-current  dynamos  having  no  speeial  devices  for  reversing 
the  current  in  each  armature  coil  as  it  passes  tnrough  the  "  oommntattng 
■one,*'  it  is  necessary  to  give  the  bruidxes  a  forward  lead  so  that  the  mag- 
netic fringe  from  the  poM-tip  toward  which  the  coil  is  moving  may  induce 
an  BJC.F.  in  the  coil  and  reverse  the  current.  In  motors  the  brushes  are 
shifted  rearward  instead  of  forward,  the  polarity  of  the  approaching  pole- 
tipbeing  of  the  wrong  sign. 

with  the  forward  lead  nven  to  the  brushes  the  effect  of  the  armature  cor 
rent  is  to  weaken  and  distort  the  magnetic  field  set  up  by  the  field  mag- 
nets ;  a  oertain  number ->  depending  on  the  lead  of  the  brushes — of  the  ar- 
mature ampere-turns  directly  oppose  those  on  the  field-magnets  and  render 
a  somewhat  larger  number  of  tnese  ineffective,  except  as  regards  waatins 
power ;  the  remaining  armature  ampere-turns  tend  to  set  up  a  maffnetieflela 
at  right  angles  to  the  main  field,  with  the  result  that  the  resultant  field 
is  rouited  forward  in  the  direction  of  motion  of  the  armature,  and  that  the 
field  strength  is  reduced  in  the  neighborhood  of  every  trailing  pole-pieee 
horn,  and  Is  increased  in  that  of  every  leading  pole-piece  horn,  when, 
thermre,  the  bmshee  have  a  forward  lead  each  armature  seotion  as  it  eomea 
■ader  a  brash  enters  a  part  of  the  field  ol  which  the  strength  is  reduced  by 
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fbe  armature  eroM-induotlon :  and,  if  this  redaction  ie  great,  the  field 
•trength  neoeeeary  for  revenuig  the  oorrent  in  the  section  (In  the  short 
time  that  the  section  is  short-oironited  under  the  brash)  majr.not  be  ob- 
tained, and  sparkless  ooUection  may  thus  be  rendered  impossible. 

Yariooa  deyices  for  reyersing  the  corrents  in  the  armatnre  sections,  as 
they  pass  saccessiyely  under  the  brashes,  without  giving  a  forward  lead  to 
the  brashes,  haye  been  proposed ;  a  number  of  these  were  described  in  a 

Ekper  by  Mr.  Swinburne ;  an  improyement  by  Mr.  W.  B.  Sayers  consists  in 
terpoeing  auxiliary  coils  between  the  joints  of  adjacent  armature  sections 
and  the  corresponding  commutator  bars.  Each  auxiliary  coil  is  wound  on 
the  armature  with  a  lead  relatiye  to  the  two  main  armature  sections  and 
the  commutator  bar  which  it  connects  together.  The  result  of  this  arrange- 
ment is  that  the  difference  between  the  E.M.F.'sin  the  two  auxiliary  colls 
oonnectinc  any  given  armature  section  to  the  two  corresponding  commutator 
bars  may  be  made  suflioient  to  reverse  the  current  in  the  armature  section 
when  short-circuited  under  a  brash,  even  if  the  brush  has  a  backward  in- 
stead of  a  forward  lead. 

In  the  Thompson-Byan  dynamo  the  elTects  of  armature  reaction  are  neo- 
tralixed  by  a  special  winding  through  slots  across  the  faces  of  the  pole- 

gBces,  parallel  with  the  axis  of  the  armature ;  this  winding  is  in  series  with 
e  armature,  and  the  same  current  flowing  in  both,  but  in  such  direction 
that  all  effects  on  the  field  magnets  are  neutraliaed,  uxb  ampere-turns  of  the 
shunt  are  therefore  much  less  than  in  other  dynamos,  there  is  no  sparking 
under  aioy  ordinary  conditions  of  load,  the  brashes  are  placed  permanently 
when  the  machine  is  set  up,  and  the  emciency  is  high  through  a  wide  range. 

The  method  whish  is  most  widely^  employed  is  to  put  small  auxiliary 
field-magnet  poles  between  the  main  poles  and  connect  their  windings  in 
series  with  the  armature.  This  method  is  applied  chiefly  to  constant-poten- 
tial motors  designed  to  run  at  several  speeds. 

"M^rmig  4m  ^rtmmtmr^  Coailmctora.  —  in  dynamos,  each  armature 
conductor  has  to  be  driven  in  opposition  to  an  effort  or  drag  proportional  at 
every  instant  to  the  product  of  the  current  carried  by  the  conductor  into 
the  strength  of  the  magnetic  field.  This  drag  on  a  conductor  varies,  there- 
fore, with  the  position  of  the  conductor  relative  to  the  field-magnet  poles, 
and  is  a  maximum  when  the  conductor  jpasses  through  ttutt  part  of  the  air- 
gap  at  which  the  magnetic  induction  is  greatest.  The  arrangements  for 
driving  the  armature  conductors  must,  of  coarse,  be  adapted  to  the  greatest 
value  of  the  drag  to  which  a  conductor  is  exposed,  and  this  is  given  for 
smooth  core  armatures  by  the  formula  below. 

Let        im    =  current  in  amperes  carried  by  each  conductor, 

d^  =  maximum  induction  in  air-gap  per  square  centimeter, 
B   =  maximum  induction  in  air-gap  per  square  inch, 
Wm = length  ot  armatore  core  In  Inches. 

^^^'^    1^2^00  ~  llJXajXO  =  Maximum  pull  in  lbs,  on  each  eondaetor. 
In  slotted  armatures  the  core  teeth  take  the  drag. 

Oommutators  are  built  up  of  the  best  grade  of  copper,  preferably  hard 
drawn.  The  insulation  between  segments  should  invariably  be  of  the  best 
quality  of  amber  mica ;  white  mica  Is  usually  too  hard  and  brittle,  and  does 
not  wear  down  as  rapidly  as  the  copper  segments,  so  that  eventually  the 
mica  strips  project  above  the  surface  and  cause  the  brushes  to  chatter  and 
spark.  The  insulation  at  the  ends  is  usually  of  micanite,  and  should  be  as 
hard  as  possible. 

Brushes  are  invariably  of  carbon  except  on  machines  built  foi*  yery  low 
voltages.  The  high  resutance  of  the  carbon  reduces  the  **  short-circuit*' 
current  in  a  coll  undergoing  commutation  and  also  reduces  the  inductive 
opposition  to  the  reversikl  of  current  in  the  coil,  thereby  facilitating  com- 
mutation. 

The  current  density  under  brush  faces  should  not  exceed  6D  amperes  per 
square  Inch  for  carbon,  900  for  woven  wire,  or  2B0  amps,  per  sq.  in.  for  sof 
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leaf  eoi>per  bnuhos.  The  proper  density  to  be  used  in  any  given  case  de^ 
pends  upon  other  features  of  oommutator  and  brash  proportions.  See 
"PraotioalDesiipi,"  page  961. 


..^^I^'V^^^  '^^  bipolar  in  small  sisee  and  multipolar  in  larse  sixes  • 
the  dlTiding  line  between  bipolar  and  multipolar  oonstrnction  Taries  from 
^/*i®^f'*  ^  *®  kilowatts ;  it  is  quite  common  practice  to  make  machines 
of  5  kilowatts  and  orer  multipolar.  Magnet  cores  are  made  either  of 
wrought  iron  or  steel,  except  in  yery  small  machines  in  which  cast  iron  U 
used.  Pole-pieces  or  shoes  are  of  either  cast  iron  or  steel,  accordinff  to 
^eir  shape  and  disposition.  Gast-iron  shoes  are  attached  to  the  sides  of 
the  pole  Mid  merely  extend  the  pole-face  surface;  steel  shoes  are  bolted 
jplnst  the  free  ends  of  the  pofes  so  that  the  entire  air-gap  flux  passes 
ttrough  the  shoe.  In  many  cases  no  shoes  are  used,  the  polM  being  carried 
to  the  air-gap  without  change  in  cross-section,  or  else  provided  with  integral 
polar  extemaons  at  the  free  ends.  —  »*n.«i5i»« 

field  magnet  yokes  are  either  of  east  steel  or  cast  iron.  The  latter  Is 
preferable  on  erery  score  except  weight,  for  the  reason  that  steel  castings 
are  seldom  perfectly  sound  throughout  and  rarely  within  |  inch  of  calcth 
lated  <Umensions.  Magnet  cores  are  generaUy  bolted  to  the  yoke,  but* 
few  buUden  still  "  cast-weld  "  them  in? 


C«il  A«rfsic«  M^emuumwj  for  Aafe  Toaipcimtm*. 

Esson  gives  the  following  method  of  determining  the  surface  necessary  for 
a  magnet  coil  to  keep  its  heat  within  assigned  limits. 

Let       P  =  watts  wasted  in  heating, 

S  =  cooling  surface  in  square  inches  of  coil,  not  Including  end  flanges 

and  interior, 
i9i=  same  as  above  in  square  centimeters, 
$  =  temperature  of  hottest  part  above  surrounding  air. 


then 


$  F.«=  99  ^  or  #  O.o=  885  ~. 

a  Si 


Maximum  current 


=  v^ 


degs.  F.  X  sq.  ius. 


99  X  hot  r 
Hot  r  =  cold  r  -f  1%  for  each  additional  AJSP  F. 


Table  mf  C^oliisr  Ai 


Excess  temperature  above  sur- 
rounding air. 

Cooling  surface  per  watt  in 

F.o 

O.o 

square  inches. 

sq.  centimeters. 

_ 

15 

8.67 

28.7 

ao 

— 

8.80 

21.8 

— 

90 

2.75 

17.8 

40 

— 

2.48 

164) 

— 

25 

2.20 

14.2 

60 

_ 

1.98 

12.8 

» 

80 

1.88 

U.8 

00 

— 

1.66 

10.7 

— 

S5 

isr 

10.1 

70 

— 

1.41 

9.1 

"^ 

40 

1.38 

8.0 
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CtjfltflMtAtic  Actlm  mn  ]»j: 


i—  im  ftiaps. 


(Lord  Kelrin.) 
L  = and  P : 


vhere     jj,  --  moment  of  ooupTe  on  axU, 
P=  prenare  on  «aoli  bearing, 
9r=:  welffht  of  armature, 
k  =  radius  of  gyration  about  axis, 

0=  ';  ^  =  mi^imom  «.goUr  reloelt,  of  dynamo  In  »di«»  {«r 

fleoond  due  to  rolling  of  ship, 

A  =  —  =  amplitude  in  radians  per  second, 

(Radian  is  unit  angle  in  circular  measure.) 

d  =  degrees  of  roll  from  mean  position, 
T=  periodio  time  in  seconds, 

«  =  2  im  =  angular  Telocity  of  armature  in  radians  per  second, 
n  =  number  of  roToIutions  of  armature  per  second, 
/  =  distance  between  bearings, 
g  =  acceleration  due  to  graTity. 

NoTB.— On  applying  the  above  formula  to  dynamos,  where  W,  ft,  and** 
are  great,  it  will  be  found  adTUiable  to  place  their  plane  of  rotation  ath wart- 
ships,  in  order  to  avoid  as  far  as  possible  wear  and  tear  of  bearings  due  to 
the  gyroetatie  action. 


]»iitflOT-cn7iiim!rv  motors. 

The  a>unter  B.M.F.  generated  in  a  motor  armature  is  given  by  equation 
(1).  This  E.M.F.  is  equal  to  the  E.M.F.  applied  at  the  m<m>r  brushes  minus 
the  drop  in  the  armature  winding  and  connections ;  consequently,  the  speed 
of  a  motor  is 

B.p..n.  =  gL<^-^'^g'«' (O 

At  no  load,  the  drop  in  the  armature  circuit  Is  so  small  that  Ew  —  I*R 
may  be  considered  equal  to  JS«,  for  Uie  purpose  of  computing  the  no-load 
•pe!ed. 

Hie  torque  of  a  motor  armature,  in  pound-feet,  is 

Tsr  117  ♦  a;  iip  l<r" (6) 

Motors  for  operation  on  constant-potential  circuits  are : 

Shunt-wound,  for  service  requirmg  practically  constant  speed  and  im- 
posing small  load  at  starting ; 

Seriss^wound,  for  starting  heavy  loads  from  standstill  and  running  at 
speeds  inversely  varying  as  the  load ; 

Compound-wound,  for  starting  heavy  loads  and 
running  at  nearly  constant  speed. 

DifferentiaUy-wonnd,  for  starting  under  light 
loads  and  running  at  strictly  constant  sp^d. 
(This  type  is  not  mooh  used  now.) 

The  remarks  concerning  dynamo  magnets,  ar-  0 
matures,  etc.,  apply  also  to  dwect-current  motors. 
The  magnetlzaaon  curve  may  be  obtained  by  driv- 
ing the  machine  as  a  dynamo ;  or  it  may  be  plotted 
ftom  readings  of  flela  excitation  ana  armature 
speed ;  in  the  latter  case,  the  curve  will  be  tbe  in- 
veiM  of  Fig.  1,  as  indicated  by  Fig.  26. 

Brushes  on  a  motor  must  usually  be  set  hack  of 
the  neutral  point,  or. with  a  "backward  lead." 
This  tends  to  demagnettxe  the  fields,  and  as  weak- 
eolnff  the  fields  of  a  motor  tends  to  increase  the 
speed,  the  increase  of  load  on  a  shunt-wound 

or  tends  to  prevent  the  speed  falling,  and  the  shunt  motor  is 
rly  Mlf-regalating. 


Fio.  26.     Maffnetisation 
Curve  of  Motor. 


very 
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Vberersrlt  bcoomea  iiM«ag)U7  tc  .  — ^ ,. 

ooi  ODirent  sleotrio  motor  to  tjij  ooualderKblB  iIkth, , 

mothodi  IntioduM  rer^  cpoilderikbls  IomMi  ana  ut  apt  to  Indam  t«J 
■pu-klni  M  Iha  aommnutor, 

O      , ... ....J     .V .^    p[g     jj^    ^yj(,     ^^^ 


the  Kenentor,  the  current  1 
thBdlrecticniof  roliUonof  th 

ra  tbe  LwDiinl  ijitem  adapted  tael«trlc  itnet  rallnj  motor 


li  vtrsflt  rallwaTS,  holitflt  a 


(1)  HaohlneeTaqnlringatDrqnatncreaglDgvith  the  apeed.  Bloiren  and 
ma.  belonB  to  tbli  elaaa.  The  power  required  (or  the  machine  InersaM* 
UT  ra^dlT  ai  th«  aiiMd  Inercawg,  andnarethoaldbeeieralKdlnaelMtlDg 
._<....  *__  — .«.  _. — i__      T* ._  .»._ j-.T...  -oquji-fld  ij  ufloaJlT 


mown  for  auob  aeni< 

■niaU,  tha  TaqulremeDtt  can  b«  met  with  . 

tage  antem.    Moton  ghonld  preferably  be  oompannd-iround  and 


jd  by  meanaof  a . 

(3)  Haeblnea  reqnlring  a  oonstnnt  torqne.  In  this  olaaa  pompt  and  air 
•ornpreeaora  are  ei:Hnp1ea.  The  apeed  Tarlallon  reqniisd  for  aaoh  aerrloe 
ll  Daiiallj  imall.  and  It  ia  geDerally  bent  and  moat  ecoDoinloal  to  anpplr 
•ompoand  moton.and  to  vary  the  apeed  b;  meiuiB  of  the  ahant  Held  rboo- 
atat.  M  In  the  oaae  of  the  fana  and  blowatii  A  sail»  irlndlog  I*  eapeelall|F 
beneflelal  for  thli  dug  of  work  In  preTeatlng  the  heavy  floclnatlong  of  car- 
rent  fliat  would  take  place  vllh  a  aonptant  apeed  motor  In  paaalns  thronah 
the  dUfvreDt  puta  of  the  aycle.    A  oompound  motor  maj  M  naad  (or  thia 
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work  beoauM  a  constant  speed  at  any  point  on  the  oontroller   is   not 
neoeesary. 

(3)  Machines  requiring  approximately  the  same  maximum  output  at  any 
speed,  or  a  torque  varying  inversely  as  the  speed.  This  class  includes  most 
of  the  machine  tool  worlc  where  automatical! v  constant  speed  regulation  on 
any  notch  of  the  controller  is  especially  desirable.  It  is,  therefore,  neces- 
sary to  use  a  shunt  motor  having  good  inherent  regulation. 

TMe  C}«aer»U»r. — The  standard  Edison  three- wire  system  for  general 
distribution  consists  of  two  126-volt  generators  connected  in  series  with 
the  neutral  wire  brought  out  from  between  them.  A  single  generator  of  the 
over-all  voltage,  with  a  motor-generator  set  of  sufficient  capacity  to  carry 
the  unbalaneed  current,  is  used  in  many  plaoes.  Still  another  system  con- 
sists broadly  of  a  standard  direct-current 
generator  designed  for  the  maximum 
required  B.M.F.  having  collector  rings 
connected  to  the  armature  winding  like 
a  two^base  rotary  converter.  The  leads 
ftom  ttiese  rings  are  connected  to  auto- 
transformers  or  balancing  coils,  the 
middle  points  of  which  are  connected 
to  the  neutral  wire.  With  no  external 
devices  whatever,  the  neutral  wire  is 
thus  maintained  at  a  voltage  midway 
between  the  outside  wires  of  the  system 
(see  Fig.  5i8).  These  generators  may  be 
operated  in  multiple  with  any  standard 
three-wire  system,  whether  it  consists 
of  two  machines  operated  in  series,  a 
single  voltage  generator  with  a  balanc- 
ing set  or  a  double  commutator  gen- 
erator.    Any  standard   single^oltage 

system  may  be  ehanged  into  a  three-wire  system  by  adding  collector  rings 
to  the  generator  and  using  balancing  coils  to  supply  the  neutral  wire. 
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It  Is  safe  to  follow  the  rule  of  using  bipolar  fleld-magnets  for  ma<dilnes  of 
4  kilowatts  or  less  and  multipolar  magnets  for  larger  machines. 

For  commutation  reasons  the  current  passing  any  one  set  of  brushes 
should  not  exceed  960  amperes ;  this  gives  a  criterion  of  the  number  of 

Klee  for  machines  of  260  amperes  ou^ut  or  more.    Lap  windings  should 
used  on  such  maohinee.    Tnen 


F  = 


0.006  /« 


m 


(«) 


The  number  ot  poles  on  machines  having  wave-oonneeted  armatures  is 
determined  by  commutation  considerations  chiefly ;  more  than  six  poles  are 
seldom  used. 

The  beet  eonstmetion  is  a  laminated  magnet  pole  with  extensions  at  the 
air-gap  end.  bolted  to  a  cast-steel  yoke.  Fidrly  good  results  are  obtained, 
however,  with  oast-eteel  poles.  Laminated  cores,  cast-welded  into  either 
Iron  or  steel  yoke  and  provided  with  cast-iron  shoes  embracing  the  ends  at 
the  air^p,  give  excellent  results  if  the  east-welding  Is  properly  done. 
When  the  raao  of  air*gap  length  to  the  width  of  each  armature  core-slot 
opening  Is  much  less  tmua  OJi,  tnepole-face  should  be  laminated  in  order  to 
prevent  exoesslve  eddy  ourents  in  ft :  otherwise  it  may  be  solid.  A  oast-iron 
pole^hoe  must  not  cover  ^e  end  ox  the  magnet  core,  but  should  surround 
It  and  serve  merely  as  lateral  extensions ;  the  cross  section  of  the  core 
should  be  slightly  reduced  where  it  is  surrounded  by  the  pole-shoe. 

•  Cecil  P.  Poole. 
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The  E JC.F.  generated  in  the  direotHsurrent  armature  is,  from  eq.  (1), 

P  q     W 

which  reduces  to 

E  =  0.06236  DpWpfl/Bp^*  r.p.m.  lO"*  ^  q. 

The  output  in  watts  lBPw=iEw  /«,  which  for  preliminary  purposes  may 
be  considered  the  equal  toE  uq;  whence 

P»  =0.06236/3^  FTpi^  BpW-^'r-P'Ua.  10- •      ....     (7) 

For  economical  use  of  material,  the  projected  outline  of  a  pole-face  should 
be  square,  so  that  the  width  parallel  to  the  armature  shaft  should  approxi- 
mately  equal  the  chord  of  the  average  polar  arc :  whence  Wp  should 
be= JDb  sin  (180  dr  -^  p).  For  moderately  liigh-speed  machines,  ^  mav  be 
taken  at  0.7 ;  for  slightly  lower  speeds,  at  0.72,  and  for  flow-speed  machines, 
at  0.76.  For  reTersingmotors  it  is  best  put  at  0.6066,  except  series-wound 
rBYersing  motors ;  for  these,  let  ^  =  0.7, 

Representing  sin  (180 1^  -^p)  by  hk,  page  371,  results. 

The  aywage  magnetic  density  over  the  pole-face  ranges  from  26,000  to 
60,000  lines  per  square  inch,  according  to  the  designer's  method  and  the  siae 
tk  the  machine.  It  is  rational  to  mMe  Bp=<'  X  Vjp^'^tObehkg  acoei&cient 
yarying  according  to  the  type  of  machine.  For  constant^tential  dynamos 
and  motors  for  general  service,  28,120  is  a  suitable  value  for  c ;  for  shunt  or 
compound-wound  reversing  motors,  33,860  is  appropriate,  and  for  series  re- 
versing motors,  36,620. 

The  permissible  number  of  ampere-conductors  around  the  armature  perl- 
phery  ranges  from  1200  to  2200  per  inch  of  armature  diameter.  For  ma- 
chines designed  according  to  the  method  outlined  herein,  it  is  good 
practice  to  apply  the  formula: 

The  values  of  k»  are  as  follows : 

Dynamos  and  motors  for  general  serviee,  k$  =  670. 
Shunt  and  compound  reversing  motors,  kc  =  664. 
Series-wound  reversing  motors,  k^  =  678. 

From  the  foregoing  equation  an  equivalent  is  obviously  obtainable  for 
UN*  ^,  and  substituting  this  and  the  equivalents  for  S^  and  fTp  previously 
obtained,  equation  (7)  reduces  to  the  following  two : 

For  all  machines  except  series-wound  reversing  motors : 

_fcfc  !)>,»•»  r.p.m. 

^•-      ioo"~r" ^ 

For  series-wound  reversing  motors : 

P»  =  0.018  ibeA  A^*  r.p.m (9) 

For  belted  machines  which  need  not  have  any  particular  rate  of  speed,  an 

economical  rate  is 

8600 
r.p.m.r=^^. 

Considering  Da  and  Dp  equal,  which  is  allowable  in  prellminarv  *'  rough- 
ing out,"  ana  substituting  in  equation  (8)  the  above  equivalent  for  r.p.m.: 

P»  =  86JUJD^«* (10) 


iat«r0  Potatle. — Core  disks  26  mils  thick  may  be  used  in  most 
armatures ;  only  those  in  which  the  core  ia  subjected  to  high  rates  of  mag- 
netic reversal  need  have  thinner  disks.  When  p  x  r.p.m.  exceeds  9000,  ft  b 
advisable  to  use  disks  20  mils  thick,  or  less ;  wnen  p  x  r.p.m.  exceeds  4000, 
16  mils  should  be  the  limiting  thickness.  The  final  criterion,  however,  is, 
the  eddy  current  loss  in  the  core  and  teeth. 
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Ksrlng  a  meaiuof  determining  the  pole-face  width  parallel  to  the  anna- 
tore  shaft,  the  length  of  the  armature  core  foUowa  within  cloce  limit*. 
The  armature  core  should  extend  beyond  the  edges  of  the  pole-face  at  each 
end  by  a  small  amount— not  less  tlian  the  air-gap  length,  and  preferably 
L6  Umee  the  air-gap. 

Armature  cores  more  than  6  inches  long  should  hare  Tentilating  ducts 
not  less  than  I  inch  wide  at  intenrals  of  2|  to  3^  inches.  The  exact  duct 
width  is  usually  determined  by  the  amount  of  steel  required  paraUel  to  the 
shaft  in  order  to  keep  the  magnetic  density  in  the  toeth  within  suitable 
limits. 

at  the  narrowest  part  of  the  teeth  should 
jee  per  sauare  inch  of  net  cross  section, 
iity  is  tnat  which  would  exist  if  the  flux  did  not  spread 
beyond  the  geometrical  contour  of  the  pole-face  in  nsssing  from  the  latter 
to  the  armature,  and  if  all  of  the  flux  passed  through  the  teeth ;  that  is, 


-■■  .^ —  s=  nominal  density  at  tooth  roots, 
icte  =  Oi>  ( PT*  —  Tentilating  ducts). 

In  order  to  obtain  dimensions  that  will  result  in  a  **  nominal "  density  at 
the  roots  of  the  teeth  that  will  be  within  the  speoifled  range,  the  number  of 
teeth  (and  slots)  may  be  approximated  by  means  of  the  formula 


yt= 


(11) 


The  number  of  teeth  must,  of  course,  be  an  integer ;  if  the  result  of  eq.  (11) 
should  be  a  mixed  number,  therefore,  the  fractional  part  should  be  discarded 
if  it  is  0.S  or  less ;  if  it  be  more  than  0.8,  the  next  higher  integer  is  to  be 
taken  as  the  number  of  teeth.  The  net  measurement  ca  the  armature  iron 
parallel  with  the  shaft  must  then  be  corrected  to  satisfy  the  equation, 


k, 


wlh'-tNi 


(UO 


The  ralne  of  JNfor  all  cases  is 


.       0.063  iV^» 
*•= Jl 

When  the  armature  eonductors  are  round  wires,  the  sise  of  the  coil  slot 
is  determined  chiefly  by  the  slxe  and  arrangement  of  the  wires«  Form-wound 


% 


i 


W 


mx 


I 


mt^. 
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and  separately-insulated  coils  are  generally  used,  so  that  the  coil  slot  It 
ordinarily  of  one  of  the  shapes  shown  in  ¥\g.  29.  the  slots  a  or  6  being  used 
when  binding  wires  are  employed  to  keep  the  wires  in  their  slots,  and  one  of 
the  others  wnen  the  coils  are  held  in  by  wedges.  Two-layer  windings  are 
almost  iuTariablT  used  in  this  country.  Fig.  30  shows  two  half-coils 
"  abreast "  in  eaoh  layer,  each  coil  haTlng  three  turns  of  wire ;  this  makes 
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the  total  Dunbvr  of  eolli  tvluo  tha  ni 

Id."  with  tiro  turns  per 

)  iloti,  *'  threAAoilvpoTilot. 


anaToldable  wben  round  irlr« 


ihow*  thra* 
itreDiBlr  obJeoUolikble 


hall  soil*  •'sealed,"  with  tiro  turns  perooU;  tht*  glTea  three  timag  u 
'■ ilot.*"    lirieif 1..-1.I— .1- 

Table  II,  p.  372,  El*e>  slot  widths  and  dspthi  snl' 
' ■• ' -  '-iwii  to  B.  A  S.  nu«e, 


eoUi  Is  irrappad  with 


af  OJ}lfi-lnc 

1  single  caierlDf  o1 

U  the  prese-board  la  well  Tamuhed  with  IniuUtlDf  corapooDd,  and  the 
eotli  ara  dipped  and  baked  before  being  aaaambled  In  (he  slots,  thl«  Intnl*- 
tlon  will  be  adequate  (or  SBCkTolt  arrnalnrM. 

The  width  ol  «.  ooll  slot  should  not  be  less  than  }  of  its  depth  nor  more 
thftn  i  the  depth.  The  depth  of  the  ooll  slot,  tor  armature  of  1«  inohal 
diameter  or  oret,  maj  be  estimated  far  prellmlnarj  purposes  bj  meau  of 
tha  lormnla 


Appropriate  trial  depths  t< 
Table  niipsge  ST3. 

Table  IV,  pace  STB  glvea  emplrleal  but  praotleal  trial  Talnaa  for  tha  mtnl- 
mum  allowable  nomber  of  armature aolli.  and  Table  V,  page  374,  gties  tbIt— 
rnr  thn  mailmnm  allowahls  number  of  turns  per  ooll,  tor  use  In  prellmlni 
newhal  elaetti 


{«> 

of  iDutUar  carat  ara  given  by 

al  Talnea  for  tha  mtnl- 
',  page  m,  glies  Talnea 


IB  at  the  bmshea 


le  In  preUmlnarr 

It  latter  can  lel- 

lises;  tha 


li  datrrmlDed 

shonld  n 


"  ronghlng-out."     Tha  former  ara  ■ 
dora  fie  aioeeded  wtthont  risk  of  wi 

Table  VI,  page  878,  gives  trial  Tames  ror  a 
aatnal  allowable  ounwit  densltj  In  the  aondi 
hr  th*  haaUng  of  tha  airmature. 

jLiBMtBiv  M.»«««a.— Tha  total  lossea  — 

exoead  the  Talne  whleh  will  glre  a  temperatare  rise,  under  full  load,  of  T<I°F. 
The  relation  between  lost  watU.  radiating  inrfata,  peripheral  Telodt* 
and  temparalnre  rise  Is,  tor  fairlr  wellTsntllated  armature*  In  non-aaaloeea 
Held  magna!  ftamea,  approxlmatal;  M  toUowf : 

xri. 

and  allowing  a  rise  of  TD°  thia  transposes  to 
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The  roaaon  for  taking  P*j^  instead  of  P^  as  the  criterion  of  heating  ia 

thai  the  projeoting  parta  of  the  winding  do  not  act  eiTeotlvely  in  radiating 
the  heat  produced  by  the  core  and  teeth  Iomcs,  although  their  radiating 
furfaoe  ia  always  ample  for  the  Pr  loss  in  them.  Since  they  are  not  included 
in  the  radiating  surface,  the  loss  In  them  is  not  included  in  considering  the 
heating. 

With  round  oonductors.  the  watts  lost  In  the  embedded  part  of  the  wind- 
ing will  be,  with  suiBdent  accuracy, 

a* 
if  the  oonductors  are  rectangular  in  cross  section,  -z —  must  be  substituted 

for  ^  in  this  equation. 

The  losses  in  the  armature  teeth  must  be  estimated  separately  from  those 
in  the  body  of  the  core,  the  densities  being  widely  different  in  the  two  parts. 
The  general  formula  for  hysteresis  loss  in  either  part  of  the  oore  is 

PhsziAikvp  r.p.m.  10"  * 

and  the  formula  for  eddy  current  loss  is 

P#=  4  Jfcfrj>»  (r.p.m.)>  lO"* 

in  whieh  Jb  Is  the  loss  per  cubic  foot  of  iron  due  to  hysteresis,  as  giren  In 
the  table  on  page  100  and  1u  the  corresponding  eddy  current  loss  as  giTen  in 
the  table  on  page  100.  It  should  be  borne  in  mina  that  although  the  con- 
stants taken  from  the  tables  mentioned  are  baaed  on  losses  per  cubic  foot  of 
iron  or  steel,  the  Tolume  of  iron  or  steel  represented  by  v  in  the  equations 
is  in  cubic  inches.  Combining  the  three  equations  Just  given,  the  total  loss 
to  be  considered  in  estimating  the  heating  of  the  armature  is 

-f0.4p  r.p.m.  (v«  Ate -f-9tiU)] (IS) 

In  order  to  allow  for  the  crowding  of  the  magnetic  flux  toward  the  slots 
the  cross  section  of  the  armature  core  body  maybe  taken  at  0.8  of  the  actual 
cross  section,  making  the  efrecttve  Tolume 

v«  =  0.2  V  (ZM  —  2)o>)  10» (IQ 

and  the  eifeotlTe  density  will  be,  accordingly, 

^=0.8(/>f-D^tr« ^*^ 

For  compatlng  the  probable  losses  in  the  teeth  the  following  relations  may 
be  assumed  without  appreciable  error : 


aetlTe 
per 


iteeth)      /2M  .  ^Xj^;.  . 
pole     j-VrS^W    •* 


ayerage  width  of  each  tooth  =  (t  4-  2  Q  -~  3 ; 

and  since  (t  +  2  0  -r  3  =  [ir  (iXi — 1.33  A)  — Ai »]  -=-  Nu  and  the  average  density 
in  the  teeth,  for  the  present  purpose,  is  equal  to  the  flux  per  pole  -r  aotire 
teeth  per  pole  x  average  cross  section  per  tooth,  the  average  density  will  be 

Avg.Br^.g^.^       ■> ...    W 

The  volume  of  iron  in  the  teeth  is 

w=riZAi»- j7>i»~*,iVi]  w. (Ifl) 


DTNAUOS   AND   MOTOBS. 


"Dtt  Tftlae  of  fa  to  eq.  (IQ  dep«Dda  upon  tha  nlmtlon  I 
IH^U'  ipao*  (diiMDCe  belwsen  nelgbborlng  pole-tHp*  ol  opi 
Iks  klr^ap  loncth,  utd  alio  ui»ii  the  ilope  of  the  pole  a 


FlO.  39. 
tha  luln  p>rt  of  tbs  Sara.    Tkble  VII,  i*g«  378,  rliw  pcaatlool  tiIum  of  t> 
vlthln  ordinary  Ilmlta,  uhI  PIi.  33  tndlCktM  the  marit  repraaented  In  tbe 
Ubie  bowling  b7  ■. 

Fig.  M  ftSotda  »  Bimple  metbod  of  Htlmaclng  muahly  tha  umtitDre  oor* 
loMM  wUoli  i>  taTOisd  br  Ueura.  Pinhall  uid  Hobut ;  tbe  eanm  ban 
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•hown  were  plotted  bv  Meflen.  Esterlein  and  Beld  from  tests  made  on  a 
large  number  of  aotnal  maehiiiee. 

In  estimating  before  hand  the  efiloieney  of  a  machine,  the  loss  in  the  pro- 
jecting parts  or  the  armature  winding  must,  of  coarse,  be  considered.  The 
actual  total  losses  in  the  armature  winding  and  core  will  be  approximately 

P^  =  (•  -y«  ^  +-P  T.p,m.  l(r»  [48  {Vmkkm  +  viAm) 

+  0.4pr.p.m.  (rifei  +  r«iw)] (90) 

In  a  barrel  winding,  the  length  of  each  conductor  (U)  will  be  practically 
that  giren  by  the  formula 

<•=  fr«-t-*b(/Xi  — A)+0.«(l-fA), 

if  the  condnoton  are  bent  around  ^4neh  pins,  ss  indicated  in  Fig.  36,  and 


Fxo.  as. 

afterward  pulled  out  to  span  the  proper  number  of  teeth.  Table  VIII,  page 
376,  glyes  yalues  of  kw  for  different  numbers  of  poles.  Each  coil  will  project 
beyond  the  armature  core  at  each  end  about 

^  (Z3b- A) -fiii  Inches. 

and  the  distance  from  center  to  center  of  the  winding  pins  most  be  equal 
to 

Wm  +  bmiDm  —  h)  inches. 


C7«aiai«t»for  aad  Kraahea.— The  number  of  commutator  bars  = 
nmnber  of  armature  coils  or  elements,  in  practically  all  modem  windinm. 
The  diameter  of  the  commutator  barrel  must  be  kept  as  small  as  possible  In 
order  to  reduce  the  friction  loss  at  the  brush  faces  as  well  as  to  keep  down 
the  cost  of  the  commutator  and  to  favor  good  commutation.  Ttom  purely 
mechanical  considerations, 

Ih  >  0.06  X  Number  of  segments (U) 

F6r  oommntatioii  rsMons  and  to  keep  down  friction, 

Z>i<  10,000  •fr.p.m (33) 

In  llnalW  roandiiig  out  the  dimensions,  the  following  relation  should  be  ob- 
•enred,  U  possible^ 

A=  •= — (88) 

andns  should  preferably  be  an  integer. 

The  current  density  in  each  commutator  segment  should  not  much  exceed 
3000  amperes  per  square  inch  in  the  horisontal  part  and  2S00  amperes  per 
square  inch  in  the  connecting  lugs  or  risers. 

The  brush  faces  should  be  of  such  area  and  number  that  the  current  den- 
sity at  the  faces  will  not  exceed  40  amperes  per  square  inch  for  carbon 
brahes,  150  amperes  per  square  Inch  for  woren  wire  or  gause  brushes,  or 
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900  amp^rflf  per  tQnAre  inch  for  leaf  copper  brashes.    Good  arera^e  face 
densities  are  30,  ISXL  and  100  amperes  per  square  inch,  respectlTely. 

With  pressures  of  U  to  2i  lbs.  per  square  inch  of  brush  face,  the  effeotlTC 
resistance  of  the  brashes  will  usually  be 


Carbon  brashes : 


Oopper  brushes : 


0.0125 


M 


=  A. 


The  total  drop  in  rolts  at  the  brush  faoeSi  therefore,  will  be 
Carbon  brushes : 

g^  -  Tolts  drop CH) 

Oopper  brushes  : 

g~U  -  Tolts  drop (24a) 

The  loss  in  watts  due  to  the  friction  of  the  brash  contacts  with  the  com- 
mutator is 

M  D»  r.p.m. 

E  • 

JU  varying  according  to  the  brush  pressure,  condition  of  commutator  and 
quality  of  brush.    The  total  losses  at  the  brush  faces,  therefore,  are 

Carbon  brushes : 

E +  Oi='^ <^ 

Copper  brushes : 

MDk  r.p.m.  I^    _ 

— & —  +  »:s-^ ^^> 

With  ordinary  grades  of  oopper  and  carbon  brushes  and  a  commutator  in 
reasonably  gooa  condition, 

jj,_, M? 

brush  pressure  in  lbs.  per  sq.  inch 

The  maximum  efficiency  is  obtained  when  the  two  terms  of  eqs.  (X^  and 
(26a)  are  equal,  i.  e.,  when  the  friction  loss  equals  the  P  B  loss. 
Tne  temperature  rise  of  the  commutator  will  usually  be 

85  X  total  lost  watts  _  .  ^^ 

If  the  logs  of  the  commutator  segments  are  of  considerable  length,  the 
rise  of  temperature  will  be  somewhat  less  than  calculated;  on  the  other 
hand,  if  the  commutator  and  brashes  are  not  in  good  condition,  the  losses 
will  be  considerably  more  than  giren  by  eq^(25)  or  (25a)  and  the  tempera- 
ture rise  will  be  correspondingly  greater.  The  temperature  rise  should  in 
no  case  exceed  75°  Fahrenheit,  and  it  is  preferable  to  keep  it  down  to  BBP  or 
70°. 

The  dimension  of  the  brush  face  transverse  to  the  commutator  segments, 
is  determined  almost  solely  by  commutation  requirements,  and  these  in- 
toItc  so  many  widely  yarying  factors  that  no  hard*«nd-fast  general  rule 
can  be  laid  down.  Wot  machines  of  ordinary  types  and  fairly  large  sixes  — 
100  kilowatts  and  orer,  say  ~  the  span  of  a  caroon  brash  may  be  roughly 
estimated  by  means  of  the  formula 
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Thli  faimulk  will  apply  with  guSlflteDt  claienws  for  all  prutloal  workbf 
iatermlnlng  (he  Tklne,  for  ■  fttea  type  oC  deilgii,  ol  the  ooefflolent  In  the 
denomliutor  of  the  hnaketeafrMtlon,  For  rocnlng  motor*  of  ■  oertAln 
tipe,  lor  euunple.  It  ki  1000,  ud  tor  uoall,  ahnni-iroiiDd  moton  of  aonraii- 
dwul  dsalfii,  (t  rufaa  from  SOO  to  1000. 

Atr-V»9.—  The  mechuUsal  ftlr-«ii>,  from  the  pole-fui 
the  tnoMDre  teeth,  aholild  be  made  the  newait  sommual 
U»t  glTou  bj  the  formula 


w  Ihe.^opi  of 


Omaral  Serrlca 


All  Other 


M,  If  the  (onnola  El*ee  0.1B9  Ineb  tt  the  proper  all 


ir  alr-Ap  lengtj 


imlnarj  Dlmeniloiu  beloT. 

r«l*-F>ce.  — The  dlmendoiu  of  the  pole-faoe  are  detarmhiable  ai 
fnTtooelj  deacribed,  the  wenga  ohord  being  equal  to  kit  D,  and  the  vldth 
parallel  (o  (be  (baft  Mn(  preferably  eqnal  to  the  chord. 

If  eoUd  pple^aoea  are  nted,  the  Interpolar  edgca  ahoiiU  not  be  itrletlj 
parallel  toUa  annatore  slots,  A  oommon  expedient  for  aToldlnf  thla  par- 
allelitni  Ii  to  roond  the  Interpolar  edgea  w  In  Flv,  3t,  or  to  make  them 
ellghtl;  obUqoe  with  reapeet  to  the  aib  of  the  machine,  as  In  FIe.  SI.  If 
lamtnatad  pole*  without  shoe*  are  oaed,  the  eornen  of  ahemate  ebeeta  of 


A ^ 


Via.  38.  Pto.  n. 

in  Pic.  S8  for  etr^ht  polea,  or  the  tip*  ont  olT, 

, _.   _.  exceed  2JS  Z^  .^  p ;  praotl- 

„ jetHuinninBof  thlaaeotlon  (pueSW.) 

<7fe«alil>>r  wp  PrcIlBlBarj  MBCBalwsa.  — Beforepi 


The  length  of  the  pole-faoe  ipan 
eal  Talneaare  given  In  the  iHulnnin^ -_---..  _  ^-g, ., 

<7fe«alil>>r  wp  PrcIlBlBarj  St^CMalvsa.  — Berorepauiflt 

the  fleld-magnet  proportiona,  and  preferably  before  taking  np  the  probable 
armalnre  loeaee,  the  preHminarr  dlmenslona  ehonid  be  cheeked  np  In  order 
to  make  inre  that  the  deeired  E.M.F.  ii  obtainable  at  the  dealred  apeed 
'Vlthaat  entailing  the  nae  of  aneniTe  magnetie  denaltlea. 
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Having  aao«rtalned  by  meaiu  of  eq.  (11)  the  mudmum  number  of  ooil 
■loto  allowable  and  adjusted  the  net  armature  iron  dimension  axially  by 
eq.  (12)  the  E  JC.F.  or  counter  E.M.F.  of  the  armature  should  be  tested  by  the 
formula: 

j_foZV'"»V^iy,r.p.m.lO-» 

and  if  the  E.M.F.  is  not  what  is  desired,  the  armature  diameter  should  be 
changed  to  correct  it  rather  than  change  the  value  of  either  Wm  or  ^  or  both. 
On  the  basis  <lf  the  author's  method,  the  E  Jf  .F.  is  proportional  to  L^^,  if  it 
be  assumed  that  the  number  of  wires  will  increase  or  diminish  in  proportion 
to  snudl  rariations  in  the  diameter ;  therefore,  if  the  preliminary  dimen- 
sions do  not  gire  the  proper  E.M  J*.,  the  correct  dimensions  may  be  closely 
approximated  by 

Trial  ZV-w  xE      ^  ^  .  ,. 

the  word  **  trial  **  referring  to  the  diameter  and  E.M.F.  first  obtained. 

If  the  air-gap  length  aetuallv  adopted  is  not  precisely  the  value  given  by 
eq.  (2Q,  the  pole-face  density  snould  be  adjusted  to  satisfy  the  equation, 

B*=— ^y- (30) 

The  values  of  km  and  Ju  are  as  follows : 
Type  of  Machine:  General  Service.         coS^Wg.  ^^StS?'* 

kwrz  81  88  96 

kd=  1688  1802  1881 

The  tendency  to  field  distortion  and  sparking  at  the  brushes  should  also 
be  checked  (after  correctlns  the  armature  dimensions  and  pole-face  density 
as  Just  explaine^hbefore  taking  up  the  field  magnet  proportions. 

▲raasUvre  M«actl*B  wuuL  C^asaiatatl^B. -- In  order  to  guard 
against  excessive  field  distortion  the  relation  between  the  air^p  ampere- 
turns  and  armature  ampere-turns  should  be  as  indicated  by  the  following 
formula,  for  operation  with  fixed  brushes  at  all  loads : 

Bf1><»^^^«^ (31) 

The  value  of  Iv  varies  as  follows  : 

In  general  service  machines,  kr  ^  2^* 

In  shunt  and  compound  reversing  motors,      Iv  ^  8. 
In  series-wound  motors,  kt  ^  2.7. 

The  formula  is  based  on  the  facts  that  Br'  !■  approximately  proportional 
to  the  ampere-turns  required  by  the  air-gap,  ana  ii^«^-^prr  armature 
ampere-turns  tending  to  distort  the  field  under  each  pole-race. 

Tne  tendency  to  spad^ing  at  the  brushes  is  proportional  to  the  Inductance 
of  each  coil,  tne  number  of  coUs  simultaneously  short-circuited  by  one 
brush,  the  number  of  coils  in  series  between  one  positive  and  one  negative 
brush  and  the  current  in  the  coil  beins  commutated,  and  inversely  prcmor* 
iional  to  the  length  of  time  the  ooil  is  short-circuited  by  the  brush.  The 
Inductance  of  the  ooil  is  proportional  to  the  length  of  the  conductor  and 
the  square  of  the  number  of  turns  per  coil.  The  following  formula,  based 
on  these  considerations,  is  an  excellent  criterion  as  to  the  sparklessness  of 
a  machine  : 

(ir«  +  0.1«.)r"iiitt^|r.p.m.  10-»-J& (99 

The  value  of  K»  varies  as  below : 

Kilowatts  of  machine :      Up  to  15     30     80     100     600     1000  or  over. 

jr*=  8070006040         36 

VittM  Msurm^t.  —  (}ores  of  circular  cross  section  are  most  economical 
of  wire  in  thefleld  windings,  and  a  square  cross  section  is  next  best  hi  this 
respect.    The  temperature  rise  is  greater,  however,  in  a  round  coil  of  given 
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magnettslng  power  thjui  in  a  square  one,  the  eroea  Motion  of  the  oore  and 
length  of  ooii  along  the  oore  b«dng  the  aame  in  both  easee.    Bound  ooila  are 
easier  to  wind,  and  are  usnally  preferred. 
The  length  of  a  magnet  oore  from  the  yoke  to  the  pole-thoe  or  beginning 


of  polar  extensions,  Ce.,  the  space  aniiable  for  windings,  parallel  to  the 
flnz  path  in  the  oore,  may  be  ronghly  estimated  for  preliminary  layin9K>at 
as  follows : 

^=    .    ;^V.'    <w 


"» i^+'m) 


The  trial  oore  length  obtained  by  means  of  this  formula  will  osnally  require 
revision  In  order  to  obtain  the  proper  radiating  surface  for  the  coils. 

Th€  magneiie  density  in  field-maniet  cores  ranges  from  90,000  to  lOO^OOO 
lines  per  square  inch  for  cast  steel,  and  from  100,000  to  110,000  for  sheet 
steel.  The  density  in  magnet  yokes  ranges  from  86,000  to  46j000  maxwells 
per  square  Inch  in  cast  iron,  and  86,000  to  96,000  for  cast  steel.  In  railway 
motors  and  others  of  extraordinarily  light  weight,  the  yoke  density  is  con- 
siderably higher  than  in  stationary  macUncs ;  the  core  density  is  also 
somewhat  higher,  but  the  dUference  is  not  so  great  as  in  the  yoke. 

The  density  is  not  uniform  throushout  the  length  of  path  in  the  core,  nor 
is  it  so  in  the  yoke,  but  for  conTcmence  the  maximum  density  is  assumed 
to  exist  throughout  the  length  of  each  path. 

Leakage  of  magnetic  linee  between  adjacent  poles  and  between  each  pole 
and  the  yoke  surfaces  makes  the  flux  in  the  field  magnet  considerably 


FlO.  40. 

greater  than  that  in  the  air-gap.    The  relation  between  the  magnet-core 
flux  and  the  air-gap  linx  Is 

The  Talue  of  w  Taries  widely  with  dlif  erent  types  of  machines  and  diif  erent 
sixes  of  a  giTcn  type.  For  well-designed  machines  of  conyentional  types  it 
may  be  assumed  tentatlTcly  to  have  the  ralues  given  in  Table  X.  It  is  con- 
siderably higher  for  poor  designs.  In  the  absence  of  data  from  existing 
machines  of  the  type  beinc  designed,  the  field  magnet  may  be  proportioned 
on  the  basis  of  the  yalues  in  Table  Z,  page  876,  tentatirely,  and  the  leakage 
rou^ily  checked  up  as  follows: 

laj  out  to  a  rather  large  scale  two  poles  of  the  machine  and  the  corre- 
sponoing  portion  of  the  yoke,  as  shown  in  Flff.  40  for  a  circular  yoke.  The 
average  length  of  the  leskase  path  between  the  upper  surface  oi  the  polar 
eztenaion  and  the  inner  suriace  of  the  voke  will  oe  about  as  indicated  by 
the  dotted  line  Z.  and  the  length  of  the  leakage  path  between  the  neighbor- 
ing polar  extensions  will  be  about  as  shown  by  the  line  JSTp  The  mean 
length  of  the  leakage  path  between  the  flanks  of  neighboring  pole-ends  is 
praetieally  equal  to  the  distance  between  the  centers  of  the  two  measured 
along  a  drcuiar  are  concentric  with  the  armature ;  represent  it  by  2^.  The 
mean  length  of  the  leakage  path  between  each  pole-piece  flank  and  the  yoke 
svrfaee  lying  between  «  anas  may  be  called  equal  to  ^.  The  maximum  flux 
in  the  magnet  core  will  be  approximately  as  glren  by  the  equation, 

WtmUk-tMmgp^mt  flxcltatl«a.— In  order  to  estimate  beforehand  the 
excitation  required  by  the  machine,  the  quality  of  the  iron  and  steel  to  be 
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'  JtmpBnyttim  per  Incb  of  length 
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For  a  motor  the  flax  Is  the  BMxae  at  fall  load  as  at  no  load,  exoept  tn  speelal 
eases  where  a  series  winding  is  nsed  in  order  to  start  a  heary  load,  and  ex- 
cepting series-wound  motors.  The  maximum  air-gap  flux  for  a  motor  haTing 
to  start  under  a  load  is 


rio** 


'T  = 


117i»t«A« 


m 


The  full-load  ampere-turns  per  pole  for  a  dynamo  or  motor  are  FA-  Fr, 
F^Fa-\'FT-\-Fg^Fp-\'Fm-\-Fi\Fm=f»Lm-^%\Fr^frk\F,T:if,L,\ 

The  ampere-turns  per  inch  for  the  armature  teeth  will  be  the  mean  be- 
tween the  ampere-turns  per  inch  required  to  produce  the  density  at  the  tops 
and  those  required  to  produce  the  density  at  the  roots — not  the  ampere- 
turns  required  to  produce  the  arerage  density  In  the  teeth.  The  approxi- 
mate density  at  tiiie  roots  of  the  armature  teeth  will  be»  at  full  load, 

and  the  approximate  density  at  the  tops  of  the  teeth  will  be 

As  some  of  the'flux  passes  to  the  armature  core  body  through  the  slots 
and  Tentilatins  spaces,  the  actual  densities  in  the  roots  and  tops  of  the  teeth 
are  less  than  the  approximate  densities  given  by  the  above  formulas.  The 
actual  densities  cannot  be  computed  directly,  but  may  be  derived  from  the 
relation  between  the  actual  and  approximate  densities,  which  is  as  follows: 

Br'=Br+3.1WA[^*(l+i)-l] m 

Since  the  formula  cannot  be  transposed  to  solve  for  Br  l>oo*uo  Br  "id/r 
are  Interdependent  and  vary  at  dilferent  rates,  a  table  should  be  prepared 
showing  values  of  B/  corresponding  to  dilferent  values  of  /^  at  diiferent 

ratios  of  f  -r  r  and  Wa  -r  t0«.  The  preparation  of  such  a  table  is  greatly 
faellitated  by  first  prepMing  a  table  of  values  for 

r^resenting  this  expression  by  k^  and  thereby  reducing  eq.  (40)  to 

B/=Br  +  *r/r («) 

Table  XI,  page  377,  gives  values  for  kr  for  practical  ranges  of  values  for  the 
two  ratios  mentioned.  From  eq.  (41)  and  carves  such  as  those  in  Fig.  41,  a  table 
•f  corresponding  values  for  Br'  *>id/,  is  easUy  prepared.  From  such  a  table 
the  value  of /^  should  be  ascertained  for  the  root  and  top  of  the  tooth  and 

also  for  two  or  three  equidistant  intermediate  points  between  the  root  and 
top:  the  average  of  these  will  be  the  working  value. 
TtM  ampere-turns  per  pole  required  by  the  air-gap  will  be 

0.8138  #  >^^ 


(ir,-i-*^*aa)(^+*^) 


dynamob  and  motohs. 


auj  ruig«.    Til*  a 


th*  air-ap  langth,  gttat  tbe  eitaat  to  irhlab  the  ulr-gap  dimsiuloii  parallel 
bo  Uu  uMt  la  InorMaed  bf  the  bovlikB  oulTKnl  of  thenu^etlo  fluxlupaa*- 
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lug  from  the  polfr-faee  edgei  to  the  mrmitiire  Don  tseth.  The  eanitmnt  ij  U 
Um  proportlDn  of  Uie  phTateal  alr-aftp  lengtli,  I,  br  vbloli  the  gap  ti  IsareAMd 
■ffsotlvely  b;  the  puM«s  of  flux  Into  the  ildn  of  the  kimatm  eon  tseth. 
Thla  hu  beeo  t^en  from  Mr.  P.  W.  Guter'i  utlsle  in  the  SItetrteai  Wurtd 
amIE1lfinca■loISo^    


The  Tall 

pat™'m 

TBloeof  .f+.r,fc 


mat  be  predateimlned  wllh  uiir  appKoeh  to  aMnncT 

rom  eilittug  nutohlnei  of  corTsipondln(  typekod  oul- 

Tha  faUowlns  emplrlaal  rormnlft  Till  (erre  to  eallrnita  ronghlj  the 
"'"''*  ' Lodem  American  dyiuunoe  mud  Doii<raTer«jDf  motor* : 
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For  reTening  motors,    _______ 

The  no-load  excitation  of  a  shunt-wound  dynamo  need  not  be  predetei^ 
mined«    The  no-load  ezoitation  of  a  oompound-wonnd  dynamo  is 

The  ampere-turns  of  the  sereral  parts  of  the  magnetic  circuit  are  deter- 
mined as  in  the  case  at  full  load,  taking  into  account  the  differences  in 
magnetic  densitr  in  each  part. 

After  the  first  machine  of  a  giyen  type  has  been  constructed,  with  the 
exception  of  the  fleld-magnet  coils,  it  should  be  tested  with  temporary 
exciting  coils ;  the  results  of  these  tests  should  be  taken  as  the  foundation 
of  the  magnet  coil  calculations. 

Vleld-iilsiirMet  H^tedlng;*.  —  The  field  winding  of  a  series  or  shunt- 
wound  dynamo  must  be  capable  of  giving  the  excitation  required  at  full 
load. 

The  field  winding  of  a  shunt-wound  motor  must  give  the  excitation  re- 
qairMl  at  the  proper  full-load  speed. 

The  field  wlndinff  of  a  series-wound  motor  must  giye  the  excitation  re- 
quired to  produce  tne  starting  fluXr*^. 

The  shunt  winding  of  a  compound-wound  dynamo  must  give  the  excita- 
tion reouired  at  no  load ;  the  series  winding  must  giro  the  difference  be- 
tween tnis  and  the  excitation  required  at  full  load. 

The  shunt  winding  of  a  compound-wound  motor  must  give  the  excitation 
required  at  normal  no-load  speed ;  the  series  winding  must  giro  the  differ- 
ence between  this  and  the  excitation  required  to  produce  the  starting  flux, 

♦t. 

The  surface  of  any  field  magnet  coil  on  a  dynamo  or  motor  of  open  con- 
struction (non-enclosed  frame  giving  the  external  air  free  access  to  the 
windings),  should  be 

1^0^^ m 

r  being  the  resistance  of  the  coil  when  warm.  For  enclosed  or  poorly  Ten- 
tilated  frames,  the  coil  surface  per  watt  per  decn'ee  of  temperature  rise 
must  be  determined  by  trial ;  no  general  rule  wul  apply.  In  all  oases  B/ 
should  not  exceed  70°. 

The  proper  siae  of  wire  to  be  used  in  a  shunt  field  coil  is  approximately 
given  by 

rf»  =  ^«»(g  +  irA) ^^j 

Should  the  calculated  value  of  d^  not  correspond  with  any  standurdsize,  the 
nearest  standard  siae  should  be  adopted  and  the  depth  of  the  winding  ad- 
justed to  suit  it  by  transposing  eq.  (46)  and  solving  for  A,  thus : 

d^__ 

^^?^ — ^- m 

w 
Bee  also  Magnet  Windings,  page  llfL 

The  minimum  number  or  turns  per  pole  for  the  series  coils  of  a  conk- 
pound-woand  machine  is 


Turns 


CF+Fr 


-^  Fa 


(short  shunt) 


ox 


F-f  Fr  —  Fa 

J (long  shunt) 


(47) 
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Th«  orou  iMtloD  ot  the  lerlH  conductor  need  DDteioe«dOMlBiqu>n 
'     '  •jtuBlly  onied  by  the  coll,  ftnd  should  doI  1>«  !«■  tWi 

■r  UDpere  ordiDullji ;  It  vlll  be  Onklly  dstermined  bj 


II  Muue 


0  ■vrlcfl  mud  shunt  Add  niogUDt  coIIa,  the  niHjIniuni  poulbla 
npere-luruB  slioiUd  bo  iiitde  from  10%  to  lfi»  gre»t«r  thu.  Iba 
omlcnlftled  muUmum  In  order  to  proTids  k  mnrgln  for  dulercncai  In  th« 
qoalltiea  at  the  copper  knd  steel  used,  u  well  w  other  aucoulrollable  dU- 


pi*aedi>8  P*eM 

A  trial  poUr  bare,«q.  >oi 


:  S^i 


■otpl 


'CoruAo! 
pole  pitch  {f). 
B.    Hailmumpole-lHewldthlirr^lu/V)- 
S.    Afr-gBp,  »q.  28 ;  the  enniituro  dfamnter  ( 
T.    Turns  per  armatiire  coll.  Table  Y. 
8-    Trial  sUe  of  conductor.  Table  VI. 
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9.    Stxe  of  ooil  slot,  t>ased  on  namber  of  oondnoton  per  slot,  cdther 

—  A       A 

Table  III  or  eq.  18,  and  rules  «  <:  25  and  t  =  --  to  -=. 

iS  0 

10.  Possible  number  of  coil  slots,  eg.  11 ;  henoe,  total  number  of  arma- 
ture conductors,  keeping  in  riew  type  of  winding,  eq.  2. 

11.  Oorreoted  poie-ubce  density,  eq.  30. 

12.  Field-distorting  armature  reaction,  eq.  81 ;  if  Z>  comes  out  too 
■mall,  the  polar  bore  must  be  increased,  thereby  increasing  the  pole-face 
density  and  air-gap ;  then  soItc  eq.  31  for  i^r«,  taking  the  nearest  smaller 
▼alue  that  will  fit  the  winding. 

13.  Corrected  pole-face  width,  by  solving  eq.  29  for  Wp;  If  the  result 
^  Aa  IVt  accept  it ;  if  not,  take  a  still  larger  polar  bore,  with  the  corre* 
iponding  air-gap,  and  start  over  from  Determination  No.  11. 

14.  Wet  axial  iron  measurement  in  armature,  eq.  12.  ^    ..^ 

15.  Gross  length  of  armature  core  (=  »V  4-  2  J  to  »V4-  4  8) ;  the  differ^ 
ence  between  this  and  the  net  iron  to  be  occupied  by  Tentilating  ducts.  • 

16.  Number  of  armature  coils ;  check  by  Table  IV  roughly ;  a  discrep- 
ancy of  26%  is  not  prohibitire. 

17.  Diameter  of  commutator  barrel,  eqs.  21  and  22 ;  Dk  should  never  ex- 
ceed ao  />•,  and  0.7  i>«is  an  excellent  limit :  if  the  diameter  comes  out  too 
great,  the  number  of  armature  coils  must  be  reduced  and  the  axial  dinen- 
uons  of  the  machine  increased  correspondingly,  if  practical ;  if  not,  a  latser 
polar  bore  must  be  taken  and  the  determinations  revised  from  No.  11,  also 
rerising  the  air-gap  by  eq.  28. 

18.  Complete  commutator  and  brush  dimensions,  eqs.  26, 26,  and  27. 

19.  Probable  tendency  to  sparking,  eq.  82  *,  if  Ju  is  excessive,  and  the 
tarns  per  coil  cannot  be  reduced  without  entailing  an  unwieldy  number  of 
coils,  the  polar  bore  must  be  increased  in  order  to  permit  redudns  the 
length  of  the  armature  core,  the  determinations  being  revised  from  No.  11 
after  finding  the  new  air-gap,  eq.  28. 

20.  Armature  losses  with  respect  to  heating,  eq.  15  et  »eq, ;  if  PjJ  ex- 
ceeds the  limit  set  by  eq.  14,  and  cannot  be  brought  within  the  limit  by  re- 
ducing the  hole  in  the  center  of  the  core,  the  ventilatlnff  ducts  may  be 
reduced  sufficiently  to  accomplish  the  result ;  if  not,  and  If  Wm  cannot  be 
suffldently  increased  on  account  of  eq.  32,  the  polar  bore  must  be  increased, 
the  corresponding  air-gap  adopted,  and  the  determinations  revised,  begin- 
ning with  No.  11. 

Having  progressed  this  far,  the  remainder  of  the  design  is  straight  work, 
only  a  susht  revision  of  the  trial  magnet  core  length  being  probably  neoes- 


^1 


to  obtain  the  minimum  quautfky  of  field  copper  imhin  the  neating 


VsUi 


of  lie*. 


Poles. 

f  =  0.666. 

^  =  0.7. 

^=0.72. 

<^=r0.75. 

2 

4 
6 

0.866 

OJS 

0.342 

0.891 

OJBIXX 

0.3684 

0.9048 
0.6368 
0UW81 

0.9230 
0.3827 

8 
10 
12 

0.2RR8 
0.2079 
0.1736 

0.2714 
0.2181 
0.1822 

0.279 

0.2244 

0.1874 

0.2903 
0.2334 
0.1961 

14 
16 
18 

0.140 

0.1306 

0.1161 

0.1564 

0.137 

0.1219 

O.1609 
0.1409 
0.1268 

0.1676 
0.1467 

o.iao6 

20 
22 
24 

0.1045 
a0949 
0.0672 

0.1007 
0.0996 
0XM15 

0.1129 
0.1026 
0.0041 

0.1175 
0.1069 
O.U9'/9 
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Twiml 


ktiire  €•!!  Mot  Deptk*. 


Gore  DiAmetor. 

Slot  Depth. 

Gore  diameter. 

Blot  Depth. 

6 

t 

1<« 

•     ill 

i£ 

i; 

12 

1? 

i? 

9 
10 

k 

1? 

16 

i? 

TrlAl  T»la«e  for  Mlmlainni  ITanb^r  of  Arai»t«ro  Goile. 

Formula :  N*  =  0.8 z^-'  X  V^X  -^ KW.» 

The  numbers  in  the  table  are  yalnet  of  '^E  X  -^KW.* 


KW.« 

126  Tolts. 

260  Tolto. 

OOO  Tolte. 

1 

11.2 

16.8 

24  JS 

2 

14.1 

19.9% 

30.9 

3 

16.1 

22.8 

36.3 

. 

4 

17.8 

26.1 

38.9 

6 

19.1 

26J 

41  J) 

6 

20.8 

28.7 

UJH 

8 

22.4 

31.6 

48. 

10 

24.1 

34.1 

62.8 

15 

27.6 

38. 

60.4 

20 

30.4 

42.9 

66  JS 

25 

32.7 

46.2 

71.6 

3D 

34.7 

48.1 

76.1 

40 

38.2 

64.1 

83.8 

60 

41.2 

68.2 

90.2 

eo 

43.7 

61.9 

96J 

76 

47.1 

66.7 

108.3 

100 

61.9 

.     73.4 

113.7 

126 

66  J) 

79. 

122.6 

160 

60.4 

84. 

130. 

200 

66.4 

92  JS 

143. 

2B0 

70.4 

99.6 

164. 

300 

74.8 

106.8 

164. 

400 

82.4 

116.6 

180. 

600 

88.7 

126. 

194. 

60O 

94.3 

133. 

207. 

700 

90.3 

140. 

218. 

800 

103.8 

147. 

227. 

.1000 

112. 

168. 

246. 

•KW. 

Foro  =  2 


Kilowatts  output  of  dynamo  or  intake  of  motor. 

4  6  8  10       12  14  1.6 

2.4  8.36  4.2  6        6.8  6.6  73 
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Trua  Talaes  fmw  MaxI 


immmk  Allowable 
€•11. 


ilMr«f 


Formula:  l> ^ 240 9 -r  i«ji. 


Lap 
Winding. 

Two-path  Windlngi. 

Turns  per 
Coll. 

p=:q. 

p  =  4. 

1>  =  6. 

p  =  B. 

f 

U 

U 

U 

U 

MO 

120 

80 

00 

00 

80 

20 

16 

26 

13 

9 

6.6 

16 

IJH 

6 

8.76 

9.6 

4.8 

0 

8.2 

2.4 

6.6 

3.8 

2.2 

1.66 

4.9 

2.4 

1.6 

1.22 

S.76 

1.87 

1.26 

0.98 

8 

IJH 

1 

0.76 

3.4 

1.2 

0.8 

ao 

1.8 

OJ 

0.6 

0.46 

1.66 

0.88 

0.66 

0.42 

1.42 

0.71 

0.47 

0J» 

1.22 

0.61 

0.41 

0.8 

1.06 

oja 

0J» 

0.26 

16 
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3  or  4  Wlrai  in  Pm«U«1  Coii*lder*d  a  Blogls  Coudaator. 


Boun 

iwiTM. 

Drawn  to  B.SS.a>iic<i. 

'tk- 

■xf- 

JJ»  X  r.p.in.  = 

i).  X  r.p.m.  = 

eii>ai>. 

4000  to 

MOO  to 

lOMOlo 

lEMOto 

30,000  to 

0000. 

lO/MO. 

WW- 

I7/im 

31,0ttl. 

No. 

No. 

N». 

Amperei. 
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1 

i« 

:: 

H 

it 

1 

17 

91 

4 

e 

i 

a 

1 

Ifi 

IB 

i 

'1 

: 

? 

7 

s 

u 

71 

l? 

1 

1 

1 
1 

1 

? 

13 

n 

? 

i 

a 
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3 
1 

9 
i 

a 

11 

26 

■3 

■s 

S4 
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M 
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131 
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J 

130 
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From  "  The  Dynamo,"  by  Hawkins  &  WaUis. 


V»la«a  of  lf#. 

« 

l-»- 

^  =10. 

?=»• 

1=1*.  . 

J  =  l«^ 

0^ 
10° 
20° 

30° 

40° 
60° 

'1.96 
1.86 
1.76 

1.06 

1.62 

2.18 
2.06 
1.96 

1.84 
1.76 
1.006 

2.38 
2.23 
2.10 

1J8 
1.89 
1.80 

2.66 
2.38 
2.26 

2.12 
2.00 
1.W 

2.7 
2  62 
2.38 

2.24 
2.12 
2M 

mtiire  H^lmdlB^  CoBatania. 


Poles  = 

4 

6 

8 

10 

12 

14 

16 

18 

20 

24 

ilw  = 

0.8 

0.66 

0.42 

0.36 

0.3 

0.266 

0.226 

0.2 

0.18 

O.IC 

From  "  The  Dynamo/'  by  Hawkins  ft  Wallis. 


1 

1.6 

2 

2Z 

8 

3Z 

4 

/ 

kn  = 

0.74 

1.0 

1.2 

1.38 

IM 

1.68 

1.8    . 

N 

• 

A.rmrtkg9  Karaetic  Xieakair^  Ooefldaata. 


Kilowatts  = 

10 

26 

40 

60 

75 

100 

200 

300 

600 

1000 

v=: 

1.36 

1.3 

1.27 

1.26 

1.23 

1.2 

1.18 

1.16 

1.13 

1.12 
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V»lM« 

of  k^ 

9 

'^•-1.16 

1.17 

1.18 

1.19 

1.20 

1.22 

1.24 

T 

IM 

0.70 

8.10 

8.16 

8.21 

8.26 

3.38 

3.43 

334 

0.76 

8.29 

8.34 

8.40 

8.46 

831 

3.62 

3.78 

0^ 

3.47 

3J» 

8w69 

8.61 

8.70 

8.82 

838 

0.86 

3.M 

8.72 

8.7B 

8.84 

339 

431 

4.18 

090 

8.64 

3.90 

8J6 

4j02 

4.09 

431 

4.83 

0.96 

4.08 

4.09 

4.16 

4.21 

438 

4.40 

438 

IjOO 

4.21 

4.28 

4.34 

4.40 

4.47 

4.60 

4.72 

1J06 

4.40 

4.46 

4.63 

4.60 

4.66 

4.79 

4.92 

1.10 

4.68 

4.66 

4.72 

4.78 

436 

4.98 

6.12 

1.16 

4.77 

4.84 

4.91 

4Jn 

634 

6.18 

632 

1.90 

4.96 

6.02 

6.00 

6.16 

6.28 

637 

638 

1.26 

6.14 

6.21 

6.98 

6.86 

6.48 

637 

6.n 

i.ao 

6.82 

6.40 

6.47 

6.64 

6.68 

6.76 

631 

1J8 

6J^1 

6.68 

636 

6.78 

631 

636 

6.11 

1.40 

6.69 

6.n 

6.86 

6M 

6.00 

6.16 

631 

1.46 

6.88 

6.96 

6.04 

6.11 

6.19 

636 

631 

1J» 

BM 

6.14 

6.22 

630 

638 

634 

6.70 

1.66 

6.25 

6.33 

6.41 

6.48 

637 

6.74 

6.90 

i.ao 

6.43 

6JS2 

6.60 

6.68 

6.77 

6.93 

7.10 

1.66 

6.02 

6.70 

6.T7 

6.87 

6.96 

7.13 

730 

1.70 

6.80 

6.89 

6.98 

7.06 

7.16 

732 

7.49 

1.76 

6M 

7M 

7.17 

7.26 

734 

739 

7.89 

IM 

7.18 

IM 

7.86 

7,44 

738 

7.71 

739 

IM 

7.38 

7.46 

7.64 

7.68 

7.72 

731 

8.09 

1.90 

7.B6 

7.64 

7.73 

732 

7.99 

8.10 

BM 

2.00 

7.92 

8.01 

8.11 

8.20 

8.80 

8^ 

8.68 

AT«nir«»  Dyaaaio  Kflcl«BCl««. 

Appropriate  Distribution  of  Loeaet 

■ 

in  Per  Gent. 
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•o  . 
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d 

%^ 

s 

21 

5? 

1 

2| 

h 

• 

Copper. 

Iron. 

1^ 

30 

90 

43 

83 

23 

03 

10 

40 

903 

3.8 

23 

2.4 

a6 

93 

60 

91 

8.6 

2.7 

23 

0.4 

9 

76 

913 

8.4 

23 

2.2 

0.4 

83 
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92 

83 

2.4 

23 

0.4 

8 

200 

98 

2.7 

2.16 

13 
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7 
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933 

23 

2.0 

1.66 

0.36 

63 

60O 

94 

23 

13 
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0.86 

6 
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13 

03 
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13 

13 
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TESTS  OP  DYNAMOS  AND  MOTORS. 

RKVI8KD  BT  Cecil  P.  Poole  akd  £.  B.  Raymokd 

All  reliable  roanufacturen  of  electrical  machinery  and  apparatus  are  now 
provided  with  the  necessary  facilities  for  testing  the  efBcIency  and  other 
properties  of  their  output,  and  where  the  purchaser  desires  to  confirm  the 
tests  and  guaranties  of  the  maker,  he  should  endeavor  to  have  nearly,  and 
in  some  cases  all  such  tests  carried  out  in  his  presence  at  the  factory,  unless 
he  may  be  equipped  with  sufficient  facilities  to  enable  him  to  carry  out  like 
tests  in  his  owu  shops  after  tlie  apparatus  is  in  place. 

Some  tests,  such  as  full  load  and  overload,  temperature,  and  insulation 
(except  dielectric)  tests  are  best  made  after  the  machinery  has  been  installed 
and  is  in  full  running  order. 

Owing  to  the  ease  and  accuracy  with  which  electrical  measurements  can 
be  made,  it  is  always  more  convenient  to  make  use  of  electrical  driving 
power  for  dynamos,  and  electrical  load  for  the  dynamo  output,  and  In  the 
case  of  motors,  a  direct-current  dynamo  with  electrical  load  makes  the  beet 
load  for  belting  the  motor  to. 

No  really  accurate  tests  of  dynamo  efticiencies  can  be  made  with  water- 
wheels,  and  only  slightly  better  are  those  made  by  steam-engines,  owing 
to  unreliability  of  friction  cards  for  the  engine  itself  and  the  change  of  fric- 
tion with  load. 

Where  it  is  necessary  to  use  a  steam-engine  for  dynamo  testing,  all  fric- 
tion and  low  load  cards  should  be  taken  with  the  steam  throttled  so  low  as 
to  cut  off  at  more  than  half  stroke,  and  to  run  the  engine  at  the  same  speed 
as  when  under  load. 

The  tests  of  the  engine  as  separated  from  the  dynamo  are  as  follows  :— 

a.  Friction  of  engine  alone. 

b.  Friction  of  engtne  and  any  belts  and  countershaft  between  it  and  the 
dynamo  under  test. 

Consult  works  on  indicators  and  steam-engines  for  instructions  for  deter- 
mining power  of  engines  under  various  conditions. 

Thelmportant  practical  tests  for  acceptance  by  the  purchaser,  or  to  deter- 
mine the  full  value  of  all  the  properties  of  dynamos  and  motors,  are  to  learn 
the  value  of  the  following  items :  — 

.  Rise  of  temperature  under  full  load. 
Insulation  resistance. 
Dielectric  strength  of  insulation. 
Regulation. 
Overload  capacity. 
Efficiency,  core  loss. 

Bearing  friction,  windage  and  brush  friction. 

I*R  loss  in  field  and  field  rheostat, 
I*R  loss  in  armature  and  brushes. 

Note.  — If  a  separate  exciter  goes  with  the  dynamo,  its  losses  will  be 
determined  separately  as  for  a  dynamo. 

Methods  of  determining  each  of  the  above-named  items  will  be  described, 
and  then  the  combinations  of  them  necessary  for  any  test  will  be  outlined. 

T«Bip«rtttar«.  —  The  rise  of  temperature  in  a  dynamo,  motor,  or 
transformer,  is  one  of  the  most  important  factors  in  determining  the  life  of 
such  piece  of  apparatus;  and  tests  for  its  determination  shoula  be  carried 
out  according  to  the  highest  standards  that  can  be  specified,  and  yet  be 
within  reasonable  range  of  economy.  The  A.  I.  E.  E.  standards  state  the 
allowable  rise  of  temperature  above  surrounding  air  for  most  conditions, 
but  special  conditions  must  be  met  bv  special  standards.  For  instancoj  no 
ordinary  insulation  ought  to  be  subjected  to  a  degree  of  heat  ezceeoing 
212°  F.,  or  100^  C.  And  yet  in  the  dynamo-room  oi  our  naval  vessels  the 
temperature  is  said  to  at  times  reach  130*^  F.,  or  even  higher,  which  leaves  a 
small  marffin  for  safety.  It  is  obvious  that  specifications  for  dynamos  tn 
such  locations  should  call  for  a  much  lower  temperature  rise  In  order  to  be 
safe  under  full  load. 

For  all  practical  temperature  tests  it  is  sufficient  to  run  a  machine  under 
its  normal  full-load  conditions  until  it  has  developed  its  highest  temperature, 
although  at  times  a  curve  of  rise  of  temperature  may  be  desired  at  various 
loads. 
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Moft  tnudl  dyiuunof,  motors,  and  transformers,  up  to,  say,  50  K«W.,  will 
reach  maximoin  temperature  in  (Ive  hours  run  under  full  load,  if  the  tem- 
perature rise  is  normal ;  but  larger  machines  sometimes  require  from  6  to  18 
noTUV,  although  this  depends  qiute  as  much  on  the  design  and  construction 
of  the  apparatus  as  on  size,  as,  for  instance,  the 5,000  h.p.  Niagara  Falls  Gen- 
erators reach  full  temperature  in  fire  hours.  Temperature  tests  can  be 
shortened  by  overloading  the  apparatus  for  a  time,  thus  reaching  full  heat 
in  a  tthorter  period. 

On  dynamos  and  motors  the  temperatures  of  all  iron  or  frame  parts,  oom- 
mutators,  and  pole-pieces,  hare  to  be  taken  by  thermometer  laid  on  the 
surface  and  ooTered  by  waste.  Note  that  when  temperatures  are  taken 
with  the  machine  running,  care  must  be  taken  not  to  use  enough  waste  to 
influence  the  machine's  radiation.  Where  there  are  spaces,  as  air  spaces, 
in  armature  cores  or  in  the  field  laminations,  that  will  permit  the  insertion 
of  a  thermometer,  it  should  be  placed  there.  Temperature  of  field  coils 
should  be  taken  by  thermometer  laid  on  the  surface  and  covered  with  waste, 
and  by  taking  the  resistance  of  the  coils  first  at  the  room  temperature  and 
again  while  hot  immediately  after  the  heeU  run.  Temperature  rise  of  arma- 
ture windings  can  be  taken  by  surface  measurement  and  by  the  reaistanee 
method  also ;  although  being  nearly  always  of  low  resistance,  very  careful 
tests  by  fine  galvanometer  and  very  $teady  current  are  required  in  order  to 
get  anything  like  accurate  results. 

The  formula  for  determining  the  rise  of  temperature  from  the  rise  of 
resistance  is  as  follows : 

V«aiperatw<0  tty  rto«  te  T«slatoacet  for  coyyr.  —  The  In- 
crease in  resistance  due  to  Increase  in  temperature  is  approximately  0.4% 
for  each  degree  Gent,  above  sero,  the  resistance  at  sero  oeing  taken  as  the 
base.    If  then 

tx  =  temperature  of  copper  when  cold  resistance  is  measured  (Cent.), 
Bx  =  resistance  at  temperature  tj, 
4  =  temperature  of  copper  when  hot  resistance  is  taken, 
iS^  =  resistance  at  temperature  ^, 
Then  first  reducing  to  sero  degrees,  we  have 

^  ~  1  +  0.0042  <i ^*^ 

The  Increase  in  resistance  from  0  to  t^  degrees  is  JR|  ^  Jl«,  and  hence  we 
have  for  final  temperature, 

<,  =  ^«7^-f  0.0042 (2) 

8abatitnting<l)  .  _  J^  H  -f  0.0012  tQ  —  R^ 

^""  0.0042/?,  ^' 

It  Is  often  convenient  to  correct  all  cold  resistances  to  a  temperature  of 
KP  C,  in  which  case  we  first  reduce  to  xero  and  then  raise  to  7KP, 
The  general  formula  for  obtaining  the  resistance  at  I  degrees  Is 

A  =  (1  +  0.0042  f)  Ji^. 

Hence  JR^  =  1.064  Bq  <uid  in  terms  of  the  cold  resistance  at  temperatnre  t» 

j%  (1.084  R^)  „ 

^"■(1+0.0042  0 ^' 

Fonnnla  (8)  then  becomes,  when  the  cold  resistance  is  at  20*^, 

'•=o!oo«^]^""o:oo42=^:^"^ ^ 

As  the  first  formula  requires  but  one  setting  of  the  slide  rule,  and  the  sub- 
traction  of  the  constant  238  can  usually  be  done  mentally,  the  advantage  of 
the  temperature  equation  in  this  form  is  very  great  as  regards  both  speed 
and  accuracy. 
The  temperature  coefficients  most  generally  used  are 

For  copper 0042 

For  iron .0045 

For  German  silver 00038  to 
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The  foUowing  parts  should  b«  tested  by  the  resistance  method  and  the 
surface  methocTaiso : 
Field  c<nl$  series,  and  shunt. 
Armatwre  eoiU.    In  S-phase  machines,  take  resistance  between  all  three 

tines. 
The  following  parts  should  be  tested  by  thermometer  on  the  surface :  — 

Boom,  on  side  opposite  from  steam-engine,  if  direct  connected,  and  always 
^       in  two  or  more  parts  of  the  room,  within  six  feet  of  machine. 
Bearingt,  each  bearing,  thermometer  held  against  inner  shell,  unices  oil 

from  the  well  is  found  to  be  of  same  temperature  as  the  bearing. 
Comnvutat4)ri  and  collector  rings, 

Brutk-holderi  and  bruihe$,  if  thought  hotter  than  the  commutator. 
Pole-Hpa,  leading  and  following. 
Armatmre  teeth,  windings,  and  spider. 
Fieldframe. 
Termnal  bloekt,  for  leads  to  switch-board,  and  those  for  leads  from  the 

brushes. 
Seriet  §kmU,  if  In  a  oompound-wound  machine. 
ShvaU  field  rh40$tat. 

On  transformers  which  are  enclosed  in  a  tank  filled  with  oil,temperatures 
by  thermometer  should  be  taken  on  — 

(kUtide  case,  in  sereral  places. 
Oil,  on  top,  and  deeper  oy  letting  down  thermometer. 
Windings,  by  placiiig  thermometer  against  same,  eren  if  under  oil. 
LamUnaUont,  by  placing  thermometer  against  same,  even  if  under  oil. 
TerminaU, 

Room,  as  with  dynamos  and  motors. 

Also  resistance  measurements  of  primary  and  secondary  windings,  from 
which  the  temperature  by  resistance  can  be  calculated  as  shown. 

On  transformers  oooled  by  air  forced  through  spaces  between  windings 
%nd  spaces  in  laminations,  temperatures  by  tl^rmometer  should  be  taken 
on— 

Outside /^rame. 

Air,  outgoing  from  coils. 

Air,  outgoing  from  Iron  laminations. 

mndings. 

Terminals, 

Boom,  in  two  or  more  places. 

Also  resistance  measurements,  hot  and  cold,  should  be  taken,  from  whioh 

rise  of  temperature  by  resistance  can  be  calculated. 
Finally,  the  cubic  feet  of  air,  and  pressure  to  force  same  throuj^  spaces 

(easily  measured  by  "  U  "  tube  of  water),  should  be  measured. 

When  other  fluids  are  used  for  cooling,  such  as  water  i>assing  through 
piping  submerged  In  oil,  in  which  also  the  windings  and  core  are  submerged, 
or  through  windings  of  transformers  themselves  (made  hoUow  for  the  pur- 
pose), the  temperature  of  incoming  and  outgoing  fluid  should  be  measured, 
the  quantity  used  and  the  pressure  necessary  to  force  it  through  the  path 
arrantred,  besides  the  other  points  mentionea  above. 

Oareful  watch  of  thermometers  is  necessary  in  all  cases,  as  they  will  rise 
for  a  time  and  then  begin  to  fall :  and  the  maximum  point  is  what  is  wanted. 

British  authorities  state  a  definite  time  to  read  the  thermometers  after 
stopping  the  machine. 

C^re  must  also  be  taken  to  stop  the  machine  rotating  as  soon  as  possible, 
so  that  it  will  not  fan  itself  cool. 

A  handy  method  of  constructing  a  curve  showing  the  rise  of  temperature 
in  the  stationary  parts  of  a  machine  at  full  load  is  to  insert  a  smau  coil  of 
fine  iron  wire  in  some  crevice  in  the  machine  in  the  part  of  which  the  tem- 

Krature  is  desired.    Connect  the  ooil  with  a  mirror  galvanometer  and 
ttery. 

The  temperature  coefficient  of  iron  is  high,  and  the  gradual  increase  in 
resistance  of  the  coil  will  cause  the  readings  on  the  galvanometer  to  grow 
gradually  less ;  and  readings  taken  at  regular  intervals  of  time  can  be 
plotted  on  erosa-section  paper  to  form  a  curve  showing  the  ehanges  in 
temperature. 
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K«««Td»  4»f  tomMnitvre  teat.—Dnring  all  heat  runs  reading! 
■hoold  be  taken  every  fifteen  (16)  minntes  of  the  following  itema: 

On  direct  and  alternating  current  motori  and  generator!  — 

Armature,  Volts  (between  the  variooB  rinAs  where  machine  li  more  than 
single-phase,  in  the  ease  of  alternators,  and  between  brashes, 
in  the  case  of  a  D.  G.  machine). 
Amperes  (in  each  line). 
speeQ. 
Field,  Volts. 

Amperes. 

On  synchronous  oonyerters :  — 

Armature,  Volts  (between  all  rings  en  A.  G.  end,  and  between  brashes  on 
J>.  G.  end). 

Amperes,  per  line  A.  G.  end,  also  D.  G.  end. 

Speed. 
Field,  Volta. 

Amperes. 
On  transformers,  compenaators,  potential  regulators  :— 

Volts,  primary. 

Volts,  secondary. 

A^pere9,  primaqr* 

Amperes,  secondary. 

Gycies. 

Amount  and  pressure  of  eoolinc^iiid  (if  any  is  used). 
On  induction  motors :  — 

Volts,  between  lines. 

Amperes,  in  Une. 

Speed. 

Gyoles. 

OTerl4»a4.  ~  The  A.  I.  S.  E.  standards  contain  suggestions  for  orerload 
capacity  (see  page  308). 

The  writer  has  uniformly  specified  a  standard  overload  of  25%  for  3  hours, 
and  there  seems  to  be  no  especial  difficulty  in  getting  machines  for  this 
standard  that  do  not  heat  dangerously  under  such  conditionfl. 

JiBanliati4»B  test.  —  Insulation  resistance  in  ohms  is  of  much  less  im- 
portance than  resistance  against  brealcdown  of  the  insulation  under  a 
itrain  test,  with  alternating  eorrent  of  high  pressure. 

Malce  all  insulation  tests  with  a  voltage  as  high,  at  least,  as  that  at  which 
the  machine  Is  to  be  worked. 

The  following  dlasram  shows  the  connections  to  be  made  with  B  feome 
external  source  of  E.li.F.    The  formula  used  is 

B  =  resistanee  of  voltmeter. 

S  =  E.M.F.  of  the  external  souroe.  mmiSn 

e  =  reading  of  voltmeter  connected  as  in 
diagram. 

x=  insulation  resistance  in  ohms. 


ulatlon  resistance  in  ohms.  aiiiiatur6  ^  )sP 


According  to  the  A.  I.  S.  E.  standards, 
the  insulation  resistance  must  be  such  that    FZO.  1.    Gonnections  for  volt- 
the  rated  voltage  of  the  machine  will  not       meter  test  of  iiiH  ulatlon  re- 
send  more  than  xtrvidra  of  the  full-load  cur-       sistance  of  a  dynamo, 
ront  through  the  Insulation.    One  megohm 

Is  usually  considered  sufficient,  if  found  by  such  a  test.  Where  one  megohm 
Is  specified  as  sufficient,  the  maximum  deflection  that  will  produce  that 
value,  and  that  must  not  be  exceeded  in  the  test,  may  be  found  by  the  fol- 
lowing variation  of  the  above  formula : 

^_       RXE 

•tnaia  teat.— The  dielectric  strength  of  Insulation  should  be  deter- 
mined by  a  continued  application  of  an  alternating  E.M.F.  for  at  least  one 
(1)  minute.  The  transformer  from  which  the  alternating  E.M.F.  ^  takan 
should  have  a  current  capacity  at  least  four  (4)  times  the  amounf  ol  eurren^ 


( 
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aeoenary  to  olMrge  the  ftpparatiis  under  test  aa  »  ^ondvaaer.    Strain  tefte 

Bhoald  only  be  made  with  the  apparatus  folly  assembled. 
Connect  on  a  D.G.  machine  as  in  the  foUoVing  diagram. 

Strain  tests  shonld  be  made  with  a  sine 
-^_  ware  of  E.M.F.,  or  with  an  E.M.F.  having 

'^  '^  the  same  striking  distanoe  between  needle 

points  in  air. 

See  article  219  A. I.E. E.  standards  for 
pr^er  Toltages. 
llef>Mliatl4»B.— The  test  for  rtffula- 

^_  ^    ^     ,  Hon  in  a  dynamo  consists  in  determining 

7=2^-**^        ■"*  ^"""^ — * '       its  change   in    voUcige  under  different 

loadi,  or  output  of  current,  the  speed  be- 
Fio.  2.    Connections  for  strain    inglnaintained  constant, 
test  of  dynamo  or  motor  or       The  test  for  regulation  in  a    motor 
transformer  insulation.  consists  in   determining  its  change  of 

^teed,    under    diilerent   applied    loads, 
when  the  voltage  is  kept  constant. 

•taadiiarda.— For  full  details  of  standards  of  reffulation  of  diiferent 
machines,  see  report  of  the  Committee  on  Standardisation  of  the  A.  I.  E.  E, 
at  the  beginning  of  this  chapter. 


Altenisrtors. 

The  dynamo  must  be  run  for  a  suffloient  length  of  time  at  a  heavy  load  to 
raise  its  temperature  to  its  highest  limit :  the  field  rheosUt  Is  then  adjusted, 
starting  with  voltage  a  little  low,  and  bringing  up  to  proper  value  to  obtain 
the  standard  voltage  at  the  machine  terminals,  and  since  a  constant  temper- 
ature condition  has  been  reached,  must  not  again  be  adjusted  during  the 
test.  Adjust  the  brushes,  in  the  case  of  a  D.  C.  machine,  for  full-loaa  con* 
ditions,  and  they  should  not  receive  other  adjustment  during  the  test.  This 
is  a  severe  condition,  and  not  all  machines  will  stand  it ;  but  all  good  dy< 
namos,  with  carbon  brushes,  will  stand  the  test  very  well,  provided  the 
brushes  are  adjusted  at  Just  the  non-sparking  point  at  no  load. 

Load  is  now  decreased  by  regular  steps,  and  when  the  current  has  settled 
the  following  readings  are  taken :  — 

Speed  of  dynamo  (adjusted  at  proper  amount). 
Current  in  output  (a  non-inductive  load  should  be  used). 
If  alternator,  current  in  each  line  if  more  than  single-phase; 
Volts  at  macliine  terminals. 
Amperes,  field. 
Volte,  field. 

Note  sparking  at  the  brushes  (they  should  not  spark  any  with  earbon 
brushes). 

Beadings  should  be  taken  for  at  least  ten  intervals,  from  full  load  to  open 
circuit  (no  load) ;  and  load  should  then  be  put  on  gradually  and  by  the  same 
steps  as  it  was  brought  down ;  and  the  same  records  should  be  made  back 
to  full-load  point,  and  beyond  to  26%  overload. 

If  the  readings  are  to  oe  plotted  in  curves,  as  they  always  should  be.  It 
will  make  little  difference  if  the  intervals  or  steps  are  not  all  alike ;  and 
should  the  steps  be  overreached  in  adjusting  the  load,  the  load  must  not,  in 
anv  circumstances,  be  backed  up  or  readjusted  back  to  get  regular  Inter- 
vals or  a  stated  value,  as  the  conditions  of  magnetization  change,  and  throw 
the  test  all  out.  In  case  the  current  Is  broken,  or  the  test  has  to  be  slowed 
down  in  speed  or  stopped,  it  must  be  commenced  all  over  again.  Finally, 
when  the  curves  are  plotted,  draw,  in  the  case  of  a  compound-wound  ma- 
chine, a  straight  line  joining  the  no4oad  voltage  and  the  fuU-ioad  voltace ; 
and  the  ratio  of  the  point  or  maximnm  departure  of  the  voltage  from  this 
line  to  the  voltage  indicated  by  the  line  at  the  point  will  be  the  reguiatUm 
of  the  machine. 

The  rea^gs  as  obtained  give  what  Is  called  a  field  compounding  curve. 
In  the  case  of  a  shunt  or  separately  excited  machine,  the  procedure  for  the 
test  is  the  same :  but  when  the  curve  is  plotted,  the  regulation  is  figured  as 

S[ual  to  the  dlfrerence  between  the  no-load  voltage  and  full-load  voltage, 
vided  by  the  full-load  voltage.    The  curve  is  called  a  charaoterlstie  In 
"'^'    case. 
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F6r  tltematon  that  are  too  large  to  apply  aotval  load  as  raggeated  abore, 
another  **  no-load  "  method  oommonly  luea  with  satUfaotory  results  upon 
alternators  designed  upon  the  usual  lines  is  to  short-cirouit  the  alternator  ar- 
mature upon  itself  and  determine  the  amperes  in  the  field  required  to  produce 
normal  current  in  the  armature  so  short-circuited  Jkhe  speed  of  the  machine 
being  normal  at  the  time ;  call  this  current  /*.  Take  another  reading  of 
theneld  current  required  to  produce  normal  voltage  at  the  machine  ter> 
minals,  with  the  armature  on  open  circuit  and  the  speed  normal ;  call  this 
current  C,    Then  the  current  required  in  the  field  winding  for  full  non- 

InductlTe  load  will  be  /  =  V/pa  4.  c«. 

Having  calculated  the  value  of  this  current,  psss  It  through  the  field 
windings  of  the  alternator  with  the  armature  on  open  circuit  and  running 
at  normal  speed,  and  read  the  rolts  V.    Let  E  =  normal  voltage,  then  the 

regulation  = — -s — • 

The  current  F\m  called  the  **  Synchronous  impedance  "  field  current,  being 
so  named  by  Mr.  C.  P.  Btelnmets,  who  proposed  and  has  used  the  above- 
described  method. 

When  regulation  Is  desired  for  a  power  factor  other  than  unity  the  field 
currents  l^and  C  mast  be  combined  at  the  proper  angle  corresponding  to 
the  power  faetor.  For  instance,  for  a  power  factor  ox  0  (i.e..  Wfi  lag)  the 
field  currents  would  be  directly  added.  This  method  is  used  extensively 
and  gives  results  agreeing  very  well  with  those  of  actual  tests. 

nc9«lsrtl4»M  T«ato,  H4»tors,  SMuty  C4»aapo«Mdl, 


After  driving  the  motor  under  heavy  load  for  a  length  of  time  sufficient 
to  develop  its  full  heat,  full-rated  load  should  be  applied,  the  field  rheostat, 
if  any  is  used,  and  brushes  adjusted  for  the  standard  conditions ;  then  the 
load  should  be  gradually  removed  by  r^ular  steps,  and  the  following  read- 
ings be  made  at  each  such  step  :  — 

Amperes,  Input. 

Volts  at  machine  terminals  (kept  constant). 

Watts,  if  induction  motor. 

Speed  of  armature. 

Note  sparking  at  brushes. 

Amperes,  field  (in  D.  C.  machines). 

At  least  ten  steps  of  load  should  be  taken  from  lull-rated  load  to  no  load. 

The  ratio  of  the  maximum  drop  in  speed  between  no-load  and  full-load, 
which  will  be  at  full-load,  to  the  speed  at  full-load,  is  the  reffuUUion  of  the 
motor. 

Sfllcieacj  Tests.    'DjmauMos. 

The  term  tffidencniYktA  two  meanings  as  applied  to  dynamos ;  viz.,  electrical 
And  commercial.  The  electrical  efflcTency  of  a  dynamo  is  the  ratio  of  elec- 
trical energy  delivered  to  the  line  at  the  dynamo  terminals  to  the  total  electri- 
cal energy  produced  in  the  machine.  The  commercial  efficiency  of  a  dynamo 
is  the  ratio  of  the  energy  delivered  at  the  terminals  of  the  machine  to  the  total 
energy  supplied  at  thepulley.  Otherwise  the  electrical  efficiency  takes  into 
account  only  electrical  losses,  while  the  commercial  efficiency  includes  all 
losses,  electrical,  magnetic,  and  frictionaL. 


Core-Xi^ea  Teat,  auUI  Test  for  Vrictloa  mm^L  iriaAair** 

These  losses  are  treated  together  for  the  reason  that  all  are  obtained  at 
the  same  time,  and  the  first  can  only  be  determined  after  separating  out  the 
others. 

A  oore4oss  test  is  ordinarilv  run  only  on  new  types  of  dynamos  and 
motors,  but  is  handy  to  know  of  any  machine,  and  if  time  and  the  facilities 
are  arailable,  should  be  run  on  acceptance  tests  by  the  consulting  engineer. 
It  eonalsts  in  running  the  armature  at  open  circuit  in  an  excited  flela.  driv- 
ing it  by  belt  from  a  motor  the  input  to  which,  after  making  proper  <i^°<^ 
tions.  Is  the  measure  of  the  power  necessary  to  turn  the  iron  core  in  a  field 
of  the  same  strength  ss  that  in  which  it  wiU  work  when  in  actual  use. 
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Conneot  m  in  the  following  diagram,  in  wlil«li  A  is  the  dynamo  or  motor 
nnder  taet,  and  B  ia  the 
motor  driVing  the  armi^ 
tore  of  A  by  means  ot 
the  belt.  The  field  of  A 
mnat,  of  neceeaitv,  be 
separately  exoitea,  as 
its  own  armature  eironlfe 


WtnELO 


113^ 


MOTOR  II8L0 
XOITCR 


most  be  open  so  that      SmrnS    v^    bci-t^    \  y  ^— '     qoierator  ror 
there  may  be  no  current  m^^^^  ^"'^'^       noTORcoaaEiiT 

generated  in  its  conduo-  "^^"^  ^"^  »'ot°«' 

ton»  Fig.  3.    Conneotions  for  a  test  of  core  loss. 

The  motor  field  is  sep- 
arately excited  and  kept  constant,  so  that  its  losses  and  the  eore  loss  of  the 
motor  itself,  being  constant  for  all  conditions  of  the  test,  may  be  cancelled 
in  the  calculations.  The  motor  B  should  be  thoroughly  heated ;  and  beau> 
ings  should  be  run  long  enough  to  have  reached  a  constant  friction  condi- 
tion before  starting  thu  test,  so  that  as  little  change  as  possible  will  take 
place  in  the  different  "  constant "  ralues.  It  Is  necessary  to  know  accu- 
rately the  resistance  of  the  armature,  B,  in  order  to  determine  its  r*i?  loss 
at  different  loads,  and  to  use  copper  brushes  to  practically  eliminate  the 
1*R  of  brushes. 

It  is  well  to  make  a  test  run  with  the  belt  on  in  order  to  leam  at  what 
speed  it  is  necessary  to  run  the  motor  in  order  to  drire  the  armature  A  at  its 
proper  SAd  standard  speed. 

Viictloa.  core  loee,  mm^k  wiadas^  of  nsotor. —The  speed  harinff 
been  determined,  the  belt  is  removed,  and  the  motor  field  kept  at  its  final 
adjustment,  and  enough  Toltam  is  supplied  to  the  motor  armature  to  drire 
it  free  at  the  standarasjoeed.  The  watts  input  to  the  armature  is  then  the 
measure  of  the  loss  {I*Jh  in  the  motor  armature  plus  the  frioticm  of  its  bear- 
ings, plus  its  windage,  plus  core  loss,  or  the  total  loss  in  the  motor  at  no 
load.    This  is  called  the  "  running  light "  reading. 

VrlctioB  aadi  windaM  or  araanso.— After  leamlnff  the  losses 
in  the  driving  motor,  the  belt  is  put  on  and  the  dvnamo  is  driven  at  its 
standard  8p«Mi  without  excitation,  and  in  order  to  be  sure  of  this  a  volt- 
meter may  be  connected  across  the  armature  terminals ;  if  the  slightest 
indication  of  pressure  is  found,  the  dvnamo  field  can  be  reversely  excited, 
to  be  demagnetized,  by  touching  Its  terminals  momentarily  to  a  source  ox 
K.M.F.  Take  a  number  of  rea<ung8  of  the  input  to  the  motor  in  order  to 
obtain  a  good  mean,  and  the  friction  and  windage  of  dynamo  is  then  the 
input  to  the  motor,  less  the  "  running  light "  reading  previously  obtained, 
the  I*R  of  motor  armature  having  been  taken  out  in  eaoh  case. 

Let  P  =  watts  input  to  motor, 

P.=:PR  loss  in  motor  armature  When  driving  dynamo, 
/=  **  running  light"  reading  of  motor, 
f,  =  friction  and  windage  of  dynamo  armature, 
P,  =  7S/2  loss  of  motor  armature  when  "  running  light," 
then  /J=p_(Pj+/— p^, 

BraaM  fHctlon.— The  friction  of  brushes  is  ordinarily  a  small  portion 
of  the  losses ;  but  when  it  is  desirable  that  it  should  be  separated  from  other 
losses,  It  can  be  done  at  the  same  time  and  in  the  same  manner  as  the  test 
for  bearing  friction.  The  brushes  can  be  lifted  free  from  the  commutator 
or  collector  rings  when  the  readings  of  input  to  the  driving  motor  for  bearins 
friction  are  taken ;  dropping  the  orushee  again  onto  the  commutator  ana 
taking  other  readings,  the  difference  between  these  last  readings  and  those 
taken  with  brushes  off  will  be  the  value  of  brush  friction.  Note,  that  allow- 
ance must  be  made  as  before  for  increase  of  I*R  loss  in  the  motor  armature. 

Toat  for  core  loaa.  — Having  determined  the  friction  and  other  losses 
that  are  to  be  deducted  from  the  total  loss,  a  current  as  heavy  as  will  ever 
be  used  is  put  on  the  dynamo  field,  the  motor  is  supplied  with  current 
enough  to  drive  the  dvnamo  at  its  standard  speed,  and  the  reading  of  watts 
and  current  input  to  the  motor  armature  is  taken. 

The  dynamo  field  current  is  now  gradually  decreased  in  approxiinatelT 
regular  steps,  readinss  of  the  input  to  the  motor  being  taken  at  each  sucn 
step  until  zero  exciting  current  is  reached,  when  the  exciting  current  is 
reversed  and  the  current  increased  in  like  steps  until  the  highest  current 
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reading  is  again  reaehed.  This  may  now  be  again  deoreaaed  by  intervals 
back  to  zero,  reversed  and  inoreased  back  to  the  starting-point,  which  will 
thus  complete  a  cycle  of  magnetization  ;  ordinarily  this  r^inement  is  not, 
boweyer,  neeessanr. 

This  test  must  always  be  carried  through  without  stop ;  and  although  it  is 
desirable  to  make  the  step  changes  in  field  excitation  alike,  if  the  excitation 
be  changed  in  excess  of  the  r^ular  step  it  must  not  be  changed  back  for  the 
purpose  of  making  the  interral  regular,  as  it  will  change  the  oonditions  of 
the  residual  field.  When  the  readungs  are  plotted  on  a  curve,  regularity  in 
intervals  of  magnetization  is  not  entirely  necessary. 

The  following  ruling  makes  a  convenient  method  of  tabulation :~ 


Dthamo. 

MOToa. 

Speed 

amperes 
field 

Speed 

amperes 
field 

amperes 

armature 

i 

volts 

in 

armature 

e 

Gonstant 

Constant. 

f 

OOICFUTATIOSB* 


Watts  in 

BnnBing 

PR 

PJR 

Core  loss 

armature, 

light 

inarm, 

inarm, 
belt  off 

belt  on 

reading 

belt  on 

Pn-iPi+f-P^ 

P,,  =  ie 

/ 

A 

Pt 

Plot  on  curve  with  exciting-current  values  on  the  horizontal  scale,  and 
the  core  loss  on  the  vertical,  and  the  usual  core-loss  curve  is  obtained. 

mmpmvutiom  of  Cor«  tAnm  imto  Hjaiereala  susd  MUI7 


Losses  due  to  hysteresis  and  friction  vary  directly  with  the  speed ;  losses 
due  to  eddy  currents  vary  as  the  square  of  the  speed. 

Current  and  voltage  must  now  be  applied  to  the  dynamo  armature  to 
drive  it  as  a  motor  at  propor  speed,  with  the  current  in  the  separately 
excited  field  kept  constant  at  nroper  value.  Drive  the  motor  (dynamo)  at 
say  two  different  speeds,  one  of  which  may  be  K  times  the  other ;  let 

P  =  total  loss  in  watts, 
/,  =  loss  in  friction, 
Juz=.  loss  by  hysteresis, 
D  =  loss  by  eddy  currents,  or 
P  =  A  +  M4-  D  at  the  first  speed, 
jp.  =  iTTi  +  KH-^JPD  at  second  speed, 

p.  —  kp-iSd^kd, 

Fx-KP^zKBiK-l) 
j^^P^-KP 

KiK-1) 
IfX=2,then      n-AnL?=^-P 

2  (2  —  1)       2 

Kapp  and  Housman  separately  devised  the  above  method  of  separating 
the  losses,  but  stated  them  somewhat  differently. 

With  the  field  separately  excited  at  a  constant  value,  different  values  of 
current  are  supplied  to  the  armature  at  different  voltages  to  drive  it  as  a 
motor.  The  results  are  plotted  in  a  ^urve  which  is  a  straight  line,  rising  as 
the  volts  are  increased. 


( 
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The  following  diagram  diows  how  the  losses  are  plotted  in  curves.  The 
test  as  a  separately  excited  motor  is  run  at  a  number  of  different  values  of 
voltage  and  current  in  the  armature,  and  the  results  are  plotted  in  a  curve 
as  shown  in  the  following  diagram.  The  Une  a,  6,  is  plotted  from  the  resulti 
of  the  current  and  volt  readings. 

The  line  a,  c,  is  then  drawn  paiallel  to  the  base,  and  represents  the  sum  of 
all  the  other  losses,  as  shown  by  previous  tests,  and  they  may  be  further 
separated  and  laid  off*  on  the  chart. 

The  triangle  a,  b,  c,  represents  one-half  of  the  value  of  the  foucault  cur- 
rent loss.  ....  1. 

If  another  run  be  made  with  a  different  value  of  excitation,  a  curve,  at*  Oi* 
or  one  below  the  original  a,  &,  will  be  gotten,  according  to  whether  the  total 
losses  have  been  increased  or  decreased.  ^  ,  ..       j  j 

If  the  higher  values  of  current  tend  to  demagnetise,  by  reason  of  the  eddy 
currenU  in  the  armature,  the  curve  a,  6,  will  curve  upward  somewhat  at  the 

upper  end.  ,  .       i  j  xu  • 

Knowing  the  core-loss,  friction  and  windage  of  a  dynamo  and  the  resu- 
tanoe  of  the  various  parts,  the  efficiency  is  quioldy  atleulated.  thus 


LetP 
V 
I 

'A 

Rx 


core-loss  +  friction  (obtained  as  abownX 
voltage  of  armature, 
current  of  dynamo  armature, 
current  ci  dynamo  fidd, 
resistance  oi  armature  and  brushes, 
resistance  of  field. 


Then,  considering  the  above  as  the  only  loesea  (l.e.,  neglecting  rheostata, 
etc.),  y 

Efficiency  —  * ■  * 


This  is  a  satisfactory  method  of  getting  the  effiolenoy^ 


FOUCAULT  CURRENT 


BRUSH   FRICTION 


r^  +  PB+Ji^Ri+p 

oy,  but  does  not  take 
"load  losses"  if  any 
should  exist. 

The  simplest  method 
of  determining  the  effl- 
oiencv  of  a  direct-eurrent 
machine  is  to  run  it  light 
as  a  motor,  without  load 
or  belting  or  gearing,  at 
its  proper  flela  strength 
ana  its  proper  speed  and 
measure  tae  Input  to 
the  armature.  From  this 
value  subtract  the  PR 
loss  in  the  armature  and 
the  remainder  is  the  core 
and  friction  loss.  Know- 
ing this  and  the  resis- 
tance of  the  remaining 
circuits,  all  the  losses 
are  known,  and  henee 
the  efficiency  can  be  cal- 
culated. This  method  Is 
an  accurate  one  and  Is 
easy  to  carry  out. 

AaotMer  t«et  toT 
•AcieBcy. — If  the  dy- 
namo under  test  is  not 
of  too  large  capacity,  and 
a  load  for  its  full  output  Is  available,  either  in  the  form  of  a  lamp  nsnk, 
water  rheostat,  or  other  adjustable  resistance,  then  one  form  of  test  is  to 
belt  it  to  a  motor. 

By  separately  exciting  the  motor  fields,  and  running  the  motor  free  with 
belt  olT,  its  friction  can  oe  determined,  and  with  the  resistance  of  the  arma- 
ture known,  the  input  to  the  motor  in  watts,  less  the  friction  and  th»PB 
loss  in  its  armature  at  the  given  load,  is  a  direct  measure  of  the  power  ap- 

Slied  at  the  pulley  of  the  dynamo.    The  output  in  watts,  measured  at  the 
ynamos  terminals,  then  measures  the  efficiency  of  the  machine. 


.mcnai  «io  wwmg« 


vgganB  n  ASMATttiiff 


1^ 


Fio.  4.   Diagram  showing  separation  of  losses 
in  dynamos. 
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UNDER  Tkj. 


P  =  watto  input  to  motor. 

A  =  low«s  in  motor,  friction,  PR,  and  oor«-lota, 

P^  =  wfttts  output  at  dynamo  termiualB. 

%  of  efficiency  =r  100  x  p_^  u,  =  commercial  efficiency. 

Knowing  the  current  flowing  in  the  armature  and  in  the  fleldii,  and  alao 
knowing  the  reeiatance  of  the  same,  the  P  B  loeees  in  each  may  be  calcu- 
lated, which,  added  to  the  output  at  the  dynamo  terminals,  shows  the  total 
electrical  energy  generated  iu  the 
machine. 

If  a — the  P  R  loes  in  the  armature, 
f  m,the  P  R  loss  in  the  fields. 

Tne  electrical  efficiency  in  per- 
centage will  be 

lODx  p  _S\y 

Hie  adloining  diagram  shows  the 
eonneetions  for  this  form  of  test. 

It  must  be  obirloas  that  a  steam- 
engine,  or  other  motire  power  that 
can  be  accurately  measured,  may  be 
used  in  plaoe  of  the  electric  motor : 
but  measurements  of  mechanical 
power  are  so  mu4^  more  liable  to 
error  that  they  should  be  avoided 
where  possible. 

The  only  obleetion  to  this  method 
is  that  the  friction  of  the  driTing-motor  Taries  with  the  load,  and  the  loes 
in  the  belt  la  not  eonsidered. 


Fia.  S.  Connections  for  efficiency 
test  of  a  generator,  driven  by  an 
electric  motor. 


WLmw^*  VMt  with  Tw«  Masilar  ]Mi«ct-€^n«mt  ]»7aaas««. 

Where  two  similar  dynamos  are  to  be  tested,  and  especially  where  their 
capacity  is  so  great  as  to  make  it  difficult  to  supply  load  for  them,  it  Is  com- 
mon to  test  them  by  a  sort  of  opposition  method  ;  that  is,  their  shafts  are 
either  coupled  or  belted  together,  the  armature  leads  are  connected  in  series, 
the  field  of  one  is  weakened  enough  to  make  a  motor  of  it ;  this  motor  drives 
the  other  machine  as  a  generator,  and  its  current  is  delivered  to  the  motor, 
rhe  diJfferenoe  in  currents  between  the  two  machines,  and  for  exciting  the 
BcJds  of  each,  is  supplied  by  a  separate  generator. 

The  following  diagram  shows  the  method  of  connecting  two  similar 


SWITCH 


( 


Fio.  8.    Ckmneetions  for  Kapp's  method  of  efficiency 
test  of  two  similar  dynamos. 
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djnAmo0  for  Kapp*s  t«8t.  D  fs  the  dyiutmo;  M  the  ttadhine  with  Held 
weakened  by  the  reeistaaoe  R,  that  acts  as  a  motor,  and  O  U  the  generator 
that  supplies  the  energy  neoesBaiy  to  make  up  the  lessee,  excitation  and 
differences. 

Start  the  combination  and  get  them  to  standard  voltage,  as  shown  by  the 
ToltmeCer :  then  take  a  reading  of  the  eorrent  with  the  switch  on  b,  and 
another  with  the  switch  on  a.  Let  the  first  reading  be  ai,  and  the  second  d, 
and  let  x  be  the  efficiency  of  either  machine,  then 

AM 

Per  cent  efficiency  of  the  combination  =  100  x  -j-t  lukd 


«=V(ioox^) 


In  nslng  this  formula  the  efficiency  of  the  dynamo  at  Its  load  is  assumed 
the  same  as  Uie  motor  at  its  simultaneous  load,  which  is  usually  true  above 
the  I  load  point.  The  loss  In  motor41eld  rheostat  should  also  be  allowed  for. 
Another  similar  method,  called  **jnmufiiM  back,"  Is  to  connect  the  shafts 
of  the  two  machines  as  before,  by  ciuton  or  belt ;  arrange  the  electrical 
oonneotions  and  instruments  as  in  the  following  dls^am : 


AM. 


AM. 


n    y«Mu 


VtO.  7.    Bffidency  test  of  two  similar  dynamos. 


D  if  the  dynamo  under  test ;  M  is  the  similar  machine  used  as  a  motor ; 
and  Q  is  the  generator  for  supplying  current  for  the  losses  and  differences 
between  M  and  D.  The  speed  of  the  combination,  as  w^  as  the  load  on  D, 
can  be  adjusted  by  Tarying  the  field  of  M. 

The  motor,  M.  oriTss  D  by  means  of  the  shaft  or  belt  connection.  M  gets 
its  current  for  power  from  two  sources,  viz.,  G  and  D.  In  order  to  determine 
the  amount  of  mechanloal  power  dereloped  by  M,  and  also  to  be  able  to 
separate  the  magnetic  and  frictlonal  losses  in  the  two  machines,  a  core-lo§i 
test  should  have  been  made  on  the  machine  M  at  the  same  speed,  current, 
and  B.M.F.  as  fit  is  to  have  in  the  efficiency  test.  The  loss  In  the  cable  con- 
nections between  M  and  D  must  also  betaken  into  account,  and  is  eoual  to 
the  difiPerence  kx  volts  between  voltmeters  c  and  6,  X  the  current  tiowing 
in  ammeter  n. 
Let  V=z  B.M.F.  of  D,  shown  on  «, 

V,  =  E.M.F.  of  M  by  vm.  b, 
F^=  E.M.F.  of  G  by  vm.  a, 

7=  amperes  current  from  D  by  am.  n, 

I,  =  amperes  current  from  G  by  am.  <, 

J„  =  amperes  current  in  M  =  /  -f  i^, 

€  r=  drop  in  connections  between  u  and  M  =  F—  Vgn 

X'=  loss  in  connections  between  D  and  M  =  s  X  i» 

r  t=  D*8  internal  resistance, 

Ti  ss  M's  internal  resistance, 

w  :=  core  l0f>8  -}-  armature  loss  +  field  loss  -|*  friction  of  M  in 
watts  +  ^  (loM  in  connections). 
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Then 


W 


Wz=  the  luefQl  outpnt  of  D  =  Vx  I, 
Wj  =  energy  supplied  by  Q  =   Va  X  i/, 
W-\-  Wt-=.  totaienergy  saDplled  to  M, 
-f-  Wf  —  w=.  energy  required  to  drive  D, 

%  oommeroial  effleienoy  of  D  r= 


/V  =  electrioal  loss  in  D, 


Jf -h  Wf  —  w 


xioo. 


W 


%  electricftl  etBciency  =:  -y^"  _-   x  100. 


The  other  way  of  oaloulating  the  efflclenov  with  this  arrangement  is  to 
xueaanre  the  output  =  FTj  from  G,  with  full  load  on  D.  Wx  then  is  the 
loaaee  of  both  machines  under  load ;  and  knowing  the  l^R  loss  in  the  arma- 
ture and  field  of  each,  the  efficiency  \b  quioklv  and  accurately  calculated. 
This  method  ia  best,  as  no  core  loss  is  required,  and  includes  the  "  loail 
losses." 

Slcctrlcal  Hetbod  af  SmpplytBV  tlM  !.•■■<■  •« 
€«B««wst  JP^tomttsO. 

Mod\fioatum  of  '*  JCapp  Method,**  by  Prqf.  Wm.  L.  Pvffer^from  noUi 
priv€Uely  printed/or  the  ttudenti  qf  the  lioitaohiueitt  ln$tiiuU 

qf  Technology. 

•pecMcatlOB. 

Two  similar  shunt  dynamos  under  full  load,  one  as  a  motor  driving  the 
other  as  a  loaded  dynamo  through  »  meehanical  coupling.  Mains  at  same 
Toltn^e  as  dynamos,  and  only  large  enough  to  supply  the  f  ull4oad  losses  of 
bothdynamos. 

Line  up  the  two  dynamos  carefully,  and  mechanically  oonneot  them  by 
a  good  form  of  meohanical  coupling,  strong  enough  to  transmit  the  fall  load 
to  the  dynamo. 

Ckinneot  the  field  magnet  windings  of  each  machine  to  the  supply  mains, 
patting  a  suitable  field  rheostat  in  each,  if  desirable  for  any  reason,  the 
field  of  the  dynamo  mav  be  left  connected  as  designed ;  but  the  field  of  the 
motor,  which  does  not  in  any  way  enter  as  a  quantity  to  be  measured  during 
the  test,  should  be  conneotea  to  the  supply  mains. 


FIO.  8.    Diagram  of  Connections  for  Professor  Puifer's  Hodifl^ 
cation  of  Kapp's  Dynamo  Test. 

method  of  StArtter* 

Close  thA  field  ciieolt  of  the  motor,  and  by  the  motor  starting  rheostat 
gradually  bring  the  motor  np  to  full  speed.  The  dynamo  armature  will  be 
also  at  proper  speed  and  on  open  oirouit.  Xow  olose  the  dynamo  field  and 
adjust  the  field  rheostat  until  the  dynamo  is  at  about  normal  voltage. 
Aajust  the  speed  roushly  at  first  by  the  use  of  the  field  rheostat  of  the 
motor,  remembering  tnat  an  added  resistance  will  cause  the  speed  to  rise. 
Next  see  that  the  voltage  of  the  dynamo  is  equal  to  that  of  the  nrator,  or, 
in  other  words.  Uiat  there  is  no  difference  of  potential  between  opposite 
sides  of  the  main  switch  on  the  dynamo.  Close  this  switch  and  there  may, 
or  may  not,  be  a  small  current  In  the  dynamo  armature.   Now  carefully 
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Increase  the  armature  Toltage  of  the  dynamo,  watching  the  ammeter,  and 
weaketa  that  of  the  motor ;  a  current  will  flow  from  the  dynamo  to  the 
motor,  and  the  motor  wlU  transmit  power  mechanically  to  the  dynamo. 

The  current  which  was  first  taken  from  the  supply  wires  to  run  the  motor 
and  dynamo  armatures  will  increase  somewhat.  By  a  careful  adjustment 
of  the  two  rheostats  and  the  lead  on  each  machine,  the  conditions  of  full 
load  of  the  dynamo  may  be  produced.  The  motor  is  orerloaded  and  its  arm- 
ature will  carry  the  sum  of  the  dynamo  and  supplv  currents.  Great  care 
must  be  taken  In  adjusting  the  brushes  of  the  macnines,  because  of  great 
changes  in  the  armature  reactions  which  take  place  as  the  brushes  are 
movM.  It  is  well  to  remember  that  a  backward  lead  to  the  motor  brushes 
will  increase  the  speed,  as  the  armature  reactions  will  considerably  weaken 
the  efiPective  field  strength. 

Cs^aUoBs. 

The  increase  of  speed  will  raise  the  dynamo  Toltage,  and  cause  the  cur- 
rent flowing  in  the  armatures  to  greatly  increase.  A  forward  moTement  of 
the  motor  brushes  will  reduce  both  speed  and  current.  A  forward  more- 
ment  of  the  dynamo  brushes  will  increase  the  armature  reaction,  and  cut 
down  the  current  through  the  armatures,  while  a  backward  morement  will 
cause  it  greatly  to  increase.  Very  great  care  must  be  taken  in  adjusting 
the  brush  lead,  as  a  movement  of  the  brushes  of  either  machine,  which 
would  be  of  little  importance  usually,  will  produce  sometimes  a  change  in 
current  value  equal  to  the  full-load  current.  It  is  quite  possible  but  poor 
practice  to  produce  the  load  adjustment  by  use  of  the  brushes  alone. 

It  is  best  to  hare  ammeters  of  proper  sise  in  all  circuits,  but  those  actually 
required  are  in  the  dynamo  leads  and  in  the  supply  mains.  A  single  volt- 
meter is  all  that  is  required. 

The  field  magnet  circuits  ought  to  be  connected  as  shown,  and  the  am- 
meters placed  so  that  the  energy  in  the  fields  does  not  come  into  the  test  of 
the  losses  in  the  armatures,  x'he  magnet  of  the  machine  under  test,  a 
dynamo  in  this  case,  should  be  under  the  proper  electrical  conditions  for 
the  load,  yet  not  in  the  armature  test,  because  tne  object  of  the  test  can  best 
be  made  the  determination  of  the  stray  power  loss  under  the  conditions  of 
full  load ;  then  baring  found  this,  assume  the  exact  values  of  f ,  /,  and 
speed,  and  so  build  up  the  data  for  the  required  efflcienov  under  a  desired 
set  of  conditions  which  might  not  have  been  exactly  produced  during  the 
test. 

Immediately  after  the  run,  all  hot  resistances  should  be  measured  as 
rapidly  and  carefully  as  possible,  to  avoid  any  error  due  to  a  ohange  in 
temperature. 

The  energy  given  to  the  two  armatures  less  the  I*R  in  each  armature, 
will  be  the  sum  of  all  the  armature  losses  of  the  two  dynamos  under  the 
conditions  of  the  test,  so  that  we  measure  directly  the  armature  losses  of 
the  dynamos  while  fully  loaded. 

It  is  evident  that  the  two  armatures  are  not  under  exctctly  the  same  con- 
ditions, except  as  to  speed,  for  the  dynamo  armature  will  have  an  intensity 

of  magnetic  field  that  will  give  an  armature  voltage  of  Vf  +  /^  J? ^, while 

the  motor  will  be  weaker  as  F^  is  the  same  for  both  armatures,  and  the 

motor  armature  voltage  will  be  Vf  —  ^A^A.  ^^  ^^  ^"^  ^^'^  losses  will  be 
made  much  greater  in  the  dynamo  than  in  the  motor.  The  motor  armature 
must  carry  a  current  equal  to  the  sum  of  the  dynamo  and  supply  currents, 
and  will  get  much  hotter ;  its  reaction  will  also  be  greater,  ana  there  will  be 
a  tendency  for  greater  sparking  at  the  brushes. 

The  total  stray  power  thus  obtained  may  be  divided  between  the  two 
armatures  equally,  but  preferably  in  proportion  to  the  armature  voltages, 
unless  the  true  law  for' the  armatures  is  known.  All  resistanoesof  wires,  etc., 
must  be  noted  and  corrections  applied,  unless  entirely  negHgibto. 

Two  15-H.P.  dynamos  were  tested  by  the  class  of  '93,  using  this  method. 
One  of  the  full-load  tests  is  here  given  as  a  sample  of  calculation.  The 
exact  rating  of  the  dynamos  is  not  Known,  but  is  nearly  46  amperes  at  220 
volts,  with  the  dynamo  at  a  speed  of  1600  r.p.m. 


SLXOTKICAL  ICBTHOD   OF   SUPPLYING   LOSSES.       391 

The  areraffet  of  the  ohsenred  readingi  taken  during  the  test,  and  after  a 
ran  of  about  fire  hoon  to  become  heated,  was  as  below. 


■xampla  af  Calcnlatl4»M. 

(Gonneotions  as  shown  in  Fig.  8.) 

Volts  at  snpply  point 220.3 

Amperseof 15.71 

,  Output  of  drnamo,  amperes 46.80 

Dynamo  field  current 1.946 

Speed 1504. 

To  Meatwrt  Armahure  JUHttance. 

Motor        V=  1.952  /=r  10.18 

Dynamo    F=  2.406  /  =  10.08 

The  motor  field  is  out  of  the  test  while  the  dynamo  field  is  in  the  test* 

GalcolatloB. 

Watts  BuppUed       220.3  X  15.71  =  3461. 
DymuBO  mrsiatiire  S.  s  Motor  armature  J2.  =: 

Im  =  45i»  +  1.94  =  47.74  /•  =  45.80  +  15.71  =.  61.51 

47.74>x  .2387  =  664  =  JP.i2«l  9iZV  X  .1918=.  725.4  =  i*«JZM 

Dynamo  Field  =  1.946  X  220U{  =  428.4 

Watts  supplied  =  3401 

Dynamo  field    =  ^8.4 

J»B         M         =   726.4 

PR         D  =:   6M.0 

Total  heat  lost  =  1697.8  1698 

Total  stray  power  =  1763  watts,  for  both  machines. 

VmA  Vmm 

r«+/«A>  Ft— /•& 

47.74  X  .2387  =r  11.4  +  220.3  61.51  X  .1918  =  11 J  +  220.3 

=  281.7=  FiiS.  =206J(=F;m». 

DlTlde  the  total  stray  power  between  the  two  armatures  as  their  arma^ 

ture  voltages.  ^^  ^ 

281  7 
Stray  power  of  dynamo,  ^^  y  -l.  208Ji  ^  ^^®  ~  ^^' 
Stray  power  of  motor  =  1768*  —  928.0  =  886.0. 
The  quantity  928.0  is  the  object  of  our  test,  i.e.,  the  stray  power  when 
•a  neany  as  may  be  under  actual  running  conditions. 

Calc«lsUloM  4»f  SfllcleMci«a. 

As  run. 

Ovtpnl  of  dynamo  =  220.8  x  46.80  =  10090  Watts  output 

664  T^-Rmd 

10090  428  Field 

544  928  Stray  power 

428  11990  Watts  input  to  the  dynaan^ 

11008  =  Work  done  by  current. 


( 


I 
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Bfflcie&ey  of  OonT«nlon: 

11062  X  100 


11990 


=  92.2  por  o«ilk. 


CommorolAl  efflcleney: 


10090  X  100 
119.90 


=r  M«l  per  cent. 


Power  required  to  run  dynamo: 

11990 
746 


=  16J  H^. 


Id  this  test,  carbon  brushes  were  nsed,  and  the  lead  adjusted  as  oareftdW 
as  possible.  If  the  exact  rating  of  this  dynamo  had  been  46  amperes  and  220 
ToHs  at  a  speed  of  1600.  and  ve  wished  to  find  the  efficiencies  corresponding, 
we  should  proceed  in  tnls  way. 

The  test  was  made  under  conditions  as  nearly  as  possible  to  the  rating, 
and  the  stray  power  as  found  will  not  be  perceptibly  different  from  what  It 
would  be  under  the  exact  conditions. 

When  the  load  has  been  as  carefully  adjusted  as  in  this  test,- it  is  seldom 
worth  while  to  mi^e  these  corrections,  as  they  are  smaller  than  changes  pro- 
duced by  accidental  changes  of  oiling,  temperature,  brush  pressure,  ^o., 
of  two  separate  tests. 

AdlT8mtoC«a  of  tli«  MetMod. 

Small  amount  of  energy  used  in  making  the  test,  namely,  only  the  losses. 
No  wire  or  water  rheostat  required.  Test  made  under  full  load,  and  yet 
the  losses  are  directly  measured.  All  quantities  are  expressed  in  terms  de- 
pending on  the  same  standards,  and  therefore  the  efficiency  will  be  but  little 
affected  by  any  error  in  the  standards.  No  mechanical  power  measure- 
ments are  made,  and  all  measurements  are  electrical. 

]NMidlv8Mitac«a« 


Requires  two  similar  machines.  Armature  reactions  are  not  alike  In  both 
machines.  Leads  are  not  alike.  The  iron  losses  are  not  the  same.  No  belt 
pull  on  bearings.  Must  line  up  machines  and  use  a  good  form  of  mechanical 
coupling.  Sometimes  difficult  to  set  the  brushes  on  the  motor.  The  motor 
armature  is  much  orerloaded. 


o 


■  o 


SCPARXTE  EXCITER 
FOR  FIELDS 
OF  MOTORS 


FlO.  9.    Diagram  of  Connections  for  Test  of  Street  Car 
Motors,  Prof.  Puffer. 
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Flo.  10,    Diagram  of  Connections  of  Modification  of  the 
Prerious  Diagram,  by  Prof.  Puffer. 


This  method  li  of  adyantage  in  the  teet  <rf  railway  aeries  motors,  if  f 
modified  by  the  aeparate  excitation  of  the  motor  fields.  If  the  serlesllielc 
windinsB  be  not  separately  excited  there  will  be  a  oreat  deal  of  nnneees* 
sary  dimcnlty  from  great  changes  of  speed  as  the  loaa  is  raried.  Howerer, 
one  field  may  be  kept  in  circuit  on  the  machine  nsed  as  a  motor,  as  the  test 
ean  then  be  made  with  the  motor  under  its  exact  conditions.  There  will  be 
a  Tery  great  change  of  speed  during  adjustment  of  load,  but  there  will  be  no 
d|UDgBr  of  injuring  anything,  as  the  separate  excitation  of  the  dynamo  field 
is  an  aid  to  steadiness.  lUilway  motors,  as  generallT  made,  wiU  not  stand 
their  full  rated  load  continuously,  and  the  motor  is  likely  to  get  too  hot  if 
not  watched ;  the  machine  used  as  a  dynamo  will  run  cold,  as  it  will  not 
have  a  large  current  in  it.  The  friction  of  brushes  is  very  large  In  these 
motors,  and  in  general  there  is  a  want  of  accuracy  in  the  dlyision  of  the 
total  stray  power  between  the  two  armatures.  It  can  only  be  rery  approKl* 
mately  done  by  the  aid  of  curves  showing  Uie  relation  between  speed  and 
stray  power,  and  armature  roltage  and  stray  power. 


H^pklasOTs's  TMt  mf  two  Bimilmr  IMrect-Ciirremt  Jl^jummmm, 

In  the  original  Hopkinson  methoiL  the  two  dvnamos  to  be  tested  were 
placed  on  a  common  foundation  with  their  shafts  in  line,  and  coupled  to- 
gether. The  combination  was  then  driyen  by  a  belt  from  an  engine,  or  other 
source  of  power,  to  a  pulley  on  the  dynamo  shafts.  The  leads  of  both  ma> 
chines  were  then  joined  in  series,  and  the  fields  adjusted  so  that  one  acted 
as  a  motor  driren  by  current  from  the  other.  The  outside  power  in  that 
case  supplied,  and  was  a  measure  of  the  total  losses  in  the  combination,  the 
efllclency  of  either  machine  being  taken  as  the  square  root  of  the  eflBciency 
of  ttie  combination. 

Many  modifications  of  this  test  hare  been  used,  especially  in  the  substitu- 
tion of  some  method  of  eleotrioallT  driving  the  combination,  as  the  driving- 
power  is  so  much  easier  measured  If  electrical. 

This  test  is  somewhat  like  that  last  given,  but  the  two  machines  are  con- 
nected in  series  through  the  source  or  supply  for  th^diferenee  in  power, 
such  as  a  storage  battery  or  generator.  The  following  diagram  shows  the 
eonneetions  for  the  Hopkinson  test,  with  a  generator  ror  supplying  the  dif- 
ference in  power. 

In  this  test  the  output  of  Q  plus  energy  taken  by  M|  (motor  driving  the 
system),  gives  losses  of  motor  and  dynamo  (the  losses  of  M«  being  taken 
).    These  losses  being  known,  the  efficiency  can  be  calculated. 


out). 


of 


If  the  two  machines  ITand  M  are  alike,  O  supplies  thei>i2 
tnres,  and  M  the  friction,  core  losses,  and  />  R  of  fields. 

Another  method  useful  where  load  and  current  are  both  available.  Is  to 
drive  one  of  two  similar  dynamos  as  A  motor,  and  belt  the  second  dynamo 
to  it.  Put  the  proper  load  on  the  dynamo,  and  the  efficiency  of  the  com- 
bination is  the  rano  of  the  watts  taicen  out  of  the  dynamo  to  the'wtitts 
sujwlied  to  the  motor.  The  efficiency  of  either  machine*  negleotlng  small 
diaeretteee,is  then  the  square  root  of  the  effidency  of  hotiu 
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A*  Ma  I 


Fie.  11.      DiAgram  of  oonneetions  for  Hopklnson'B  test  of 

two  similar  dynamos. 

If  P  =  watts  put  Into  the  motor, 

Pi  =  watts  taken  from  the  dynamo, 
X  =  per  cent  effloiency  of  the  combination, 
y  =  eflBciency  of  either  machine, 

^_Py  X  100 

The  above  test  is  especially  applicable  to  rotary  converters,  the  belt  being , 
discarded,  and  the  a  e  sides  being  connected  by  wires ;  thns  the  first  ma- 
chine /inpplies  alternating  current  to  the  second,  which  acts  as  a  motor 
generator  with  an  output  of  direct  current.  The  only  error  (usually  small) 
I  due  to  the  fact  that  both  machines  are  not  running  same  load,  since  that 
one  supplies  the  losses  of  both. 

VleaUBf  *•  M^kllfleatimi  of  ^opkiBa«»  T««t.  — In  this  case  the 
two  dynamos  under  test  are  connected  Together  by  belt  or  shafts,  and  are 


AJyi.'ii 


A.M.if 


Flo.  12. 

driren  electrically  by  an  external  source  of  current,  say  a  storage  battery  or 
another  dynamo,  wmch  is  connected  in  series  witn  the  circuit  of  the  two 
machines.  Figure  12  shows  the  connections  for  this  test,  which  will  be  found 
carried  out  in  full  in  Fleming's  '*  Electrical  Laboratory  Notes  and  Forms.*' 


Motor    Toate. 

Probably  the  most  oommon  method  of  testing  the  efficiency  and  capa- 
city of  motors  is  with  the  prony  brake,  althoucn  in  factories  whero  spare 
dynamos  are  to  b«  had,  with  load  available  for  them,  th^9  can  be  no 


MOTOR  TESTS.  395 

queation  tiuX  belting  the  motor  to  the  dynamo  with  an  electrical  load  is 

by  far  the  moet  accurate,  and 

i J  the  easiest  to  carry  out. 

^  ProMjr  brake  teat.— -In 

this  test  a  pulley  of  suitable 
dimensions  is  applied  to  the 
motor-ehaft.  and  some  form  of 
friction  brake  is  applied  to  the 

_     , ,  E!?*^®y  ^  absorb  the   power. 

niONY  SHAKE  "^liSNr^  r         n  The  following  diagram  shows 

YiQ  13  oi^o  o'  the  simplest  fonns  of 

prony  brake ;  but  ropes,  straps, 
and  other  appliances  are  also  often  used  In  place  of  the  wooden  brake  shoes 
as  shown. 

Note.  —  See  Flather,  **  Dynamametert  and  the  Meamrement  of  power:* 

As  the  friction  of  the  brake  creates  a  great  amount  of  heat,  some  method 
of  keeping  the  pulley  cool  is  necessary  if  the  test  Is  to  continue  any  length 
of  time,  A  pullev  with  deep  inside  flanges  is  often  used ;  water  Is  poured 
into  the  pulley  after  it  has  reached  its  full  speed,  and  will  stay  there  by 
reason  of  the  centrifugal  force  until  it  is  evaporated  by  the  heat,  or  the 
speed  is  lowered  enough  to  let  it  drop  out.  Bope  brakes  with  spring  bal- 
ances are  quite  handy  forms. 

The  work  done  on  the  brake  per  m  inute  is  the  product  of  the  following  Items: 

I  =  the  distance  from  the  centre  of  the  brake  pulley  to  the  point 

of  bearing  on  the  scales,  in  feet, 
n  =  number  of  revolutions  of  the  pulley  per  second, 
w  =  weiffht  in  1  bit.  of  brake  bearing  on  scales. 
Power  =  2  a-  fn  w  =  foot-pounds  per  second,  and 

H.P.  -  ^^^  -  0.01 1424  J  n  w. 

The  input  to  the  motor  is  measured  !n  watts,  and  can  be  reduced  to  horse- 

Kwer  by  dividing  the  watts  by  746:  or  the  power  absorbed  by  the  brake  can 
reduced  to  watts  as  follows:  Brake  watts  —  8.52  Inw  ^  P. 
If  the  length,  {,  be  given  in  centiraeters.  and  the  weight,  w,  be  taken  in 
kilograms,  the  horsepower  absorbed  by  the  braice  is  given  oy  the  formula 

H.P.  -  826lnwl0-«. 

Again  taking  the  length  in  centimeters  and  the  weight  In  kilograms,  the 
watts  absorbed  by  the  brake  are 

Brake  watts  -  0.(116  ln\B, 

p 
The  watts  input  «  Pi  and  efficiency  in  percentage  -■  pT  X  100. 

Using  feet  and  pqunds  In  the  measurements,  the  efficiency  in  percentage 
will  be 

-P-        8fi2  f  n  w 
Eff.  -— p^ 

Using  centimeters  and  kilograms  the  efficiency  will  be 

61.6  Zni0 


Eff.  -i 


Pi 


If  it  is  deshred  to  know  the  friction  and  other  losses  in  the  motor,  after  the 
brake  test  has  been  made,  the  brake  can  be  removed,  and  the  watts  neces- 
sary to  drive  the  motor  at  the  same  speed  as  when  loaded,  can  be  ascertained. 

SleictrlMsl  l«Md  Uemtiincluding  loss  in  beliing^  and  extra  loss  in  bwr- 
ings  due  to  pull  of  belt). —ThiB  test  consists  in  belting  a  generator  to  the 
motor  and  measuring  the  electrical  output  of  the  generator,  which  added  to 
the  friction  and  other  losses  in  the  generator,  makes  up  the  load  on  the 
motor.  The  efficiency  is  then  measured  as  before,  bv  the  ratio  of  output  to 
input.  The  great  advantage  of  this  form  of  test  is,  that  it  can  be  carried  on 
for  any  length  of  .time  without  trouble  from  heat,  and  the  extra  loss  in 
bearings  due  to  pull  of  belt  is  included,  which  is  therefore  an  aotual  com- 
merciu  condition. 
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In  thU  form  of  test  the  Iowm  In  the  generator  are  termed  amnter  torque, 
and  the  method  of  determining  them  is  given  following  this. 

Cowiter  ton|««. — In  tests  of  some  motors,  especially  indootlon  mo- 
tors, the  load  is  supplied  by  belting  the  motor  under  test  to  a  direct  current 
generator  having  a  capacity  of  output  sufficient  to  supply  all  load,  Including 
overkNul. 

In  determining  the  load  applied  to  the  motor  and  the  courUer  tcrquet  It  is 
neoessary  to  know,  besides  the  /.  B,  or  watts  output  of  the  generator,  the 
following :  — 

T*B  of  generator  armature, 

Core  loss  of  generator  armature. 

Bearing  and  ornsh  friction  and  windage  of  generator, 

Sztra  bearing  friction  due  to  belt  tension. 

It  is  necessary  to  know  the  above  items  for  all  ipoeds  at  which  the  oom- 
blnation  mav  have  been  run  during  the  testing.  Tliis  is  especially  useful 
in  determining  the  breakdown  point  on  induction  and  synchronous  motors, 
both  of  which  can  be  loaded  to  such  a  point  that  they  "  fall  out  of  step." 

While  the  motor  is  under  test  especial  note  should  oe  made  of  the  speeds 
at  which  the  motor  armature  and  generator  armature  rotate,  and  of  the 
watts  necessary  to  drive  the  motor  at  the  various  speeds  without  load. 

The  comU^r  torque  will  then  be  the  sum  of  the  following  three  iiemi : — 

P  =  jP  A  of  generator  armature, 
P«  =  core  loss  of  generator  armature, 
jr=  bearing  and  orush  friction  and  windage  of  the  generator  armature. 

The  field  of  the  dynamo  must  be  separately  excited  and  kept  at  the  same 
value  during  the  load  tests  and  the  teste  for  **flray|ioioer,''^and  does  not 
enter  into  any  of  these  calculations. 

lielt-OM  tmmt, — After  disconnecting  current  from  the  motor  under 
test,  and  with  the  belt  or  other  connection  still  In  place,  supply  sufficient 
voltage  to  the  dynamo  armature  to  drive  it  as  a  motor  at  the  speeds 
run  during  the  motor  test,  holding  the  field  excitation  to  tiie  same  value  as 
before,  but  adjusting  the  voltage  supplied  to  the  armature  for  changing  the 
speed. 

Take  readings  of 

Speed,  i.e.,  number  of  revolutions  of  dynamo  armature, 
volts  at  dynamo  armature. 
Amperes  at  dynamo  armature. 

Oonstruct  a  curve  of  the  power  required  to  drive  the  combination  at  the 
various  speeds  shown  during  the  motor  test. 

IBelt-ofiT  tout.— Throw  the  belt  or  other  connection  off,  and  take  read- 
ings similar  to  those  mentioned  above,  which  will  show  the  power  necessary 
to  drive  the  dynamo  without  belt. 

Then  for  any  speed  of  the  combination  the  **  9tray  power  **  will  be  found 
aa  follows !  — 

P,  =  watts  from  &e{<-o^  curve,  required  to  drive  the  dynamo  as  a  motor. 
P„  =  watts  from  belt-on  curve,  required  to  drive  the  combination. 
P«  =:  core  loss  in  dynamo  armature. 
^=:  friction  of  dynamo  belt-off, 
p  =  friction  of  motor  under  test,  running  light  and  without  belt. 

r=  Increase  In  bearing  friction  of  dynamo,  due  to  belt  tension. 

,=  increase  in  bearing  friction  of  motor,  due  to  belt  tension. 


7. 


From  the  6€/<-o#curve, 

P,  =  P.  +  F (1) 

From  the  beltF<m  curve, 
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BvlytrMt  (1)  from  (3) 


P„-~-P,=zF,-\-/-\-A 


(«) 


The  TmliiM  of  /  and/,  oannot  be  determined  aoourately :  but  if  the  mi^ 
•hinei  are  of  about  the  wme  sixe  as  to  bearings  and  weighte  of  moTlng 
parts,  it  1b  very  close  to  eaU  them  of  equal  value,  when, 


/or/.  =  <-P--f--^-) 


(4) 


The  friction  F,  of  the  motor  under  test  has  been  previously  found  by 
noting  the  watts  necessary  to  drive  it  at  the  various  speeds.  If  it  is  an  in- 
dveticn  motor,  the  impressed  voltage  is  reduced  very  low  in  determining 
the  friction  in  order  that  the  core  ices  may  be  approximately  sero. 

As  all  the  values  of  the  quantities  on  the  right-hand  side  of  the  equation 
(4)  are  now  known,/  is  determined,  and  may  be  added  to  P>  to  give  the  total 
**  itTMt  power."    A  curve  is  then  plotted  from  the  values  of  **  utxt^  jwwtr ' 
at  different  speeds. 


Counier  torque  =  (P,  +/). 

Total  load  z=  1 B  4- P  «  +  (P,  +/), 
where  IB  =  watts  load  on  the  D.  G.  machine 
the  motor. 

U8  =  P,  +/=  "  8tray  power,"  then 

Total  load  =  /IE  +  /*S+  8. 


when  it  is  being  'driven  by 


The  value  of/  is  so  small  when  compared  with  the  total  load,  that  any 
ordinary  error  in  its  determination  will  be  unimportant. 


Vest  of  tttr—UWkmXtmmj  9I«ton. 

The  **  pmnpina'bach  "  test,  as  described  before,  with  some  little  modiflc»- 
tkm  serves  for  testing  street-railway  motors .  The  following  diagram  shows 
the  arrangement  and  electrical  connections. 

The  motors  are  driven  mechanically  by  another  motor,  the  input  to  which 
is  ^jkUneasnre  of    the 


SUPPLVINO  CORE 
LOSSES  AMD  PmCTIQIf 


^  ^"^  SVses,  inctional,  core 
losses,  grears,  bearings, 
etc.,  in  ilie  two  motors ; 
the  two  motors  are 
connected  in  series, 
through  a  booster,  B, 
care  T>eing  taken  to 
make  tbe  connections 
in  such  la  manner  as  to 
have  the  direction  of 
rotation  the  same ; 
and  their  voltages  op- 
posing. 


^ 


BOOSTER  SUPPUYINO  IR 


VM. 


FIO. 


14.     IMagram  of  connectlonB  and  arrange- 
ment of  street-railway  motors. 


Readings  are  taken  and  the  efAcieneies  are  calculated  as  in  the  "  pumplng- 
baok  *'  test. 

In  eliminating  the  friction  of  bearinsB,  etc.,  and  of  the  driving-motor,  it  is 
run  first  without  belts,  the  input  being  recorded  as  tak«a,  at  the  speed 
necessary.  The  belt  is  then  put  on  and  a  reading  taken  at  proper  speed, 
with  botn  the  motors  under  load. 

The  load  being  adjusted  by  varying  the  field  of  booster  B,  the  total  losses 
of  the  system  are  then  IB  from  booster  pins  the  difference  between  belt-on 
reading  with  full  load  throi^li  the  motors,  and  belt-olf  rea^g  as  noted 
(allowance  being  made  for  change  of  I*E  of  driving-motor).  If  the  two 
motors  are  similar,  half  this  value  is  the  loss  in  one  motor,  from  which  the 
efficiency  can  be  calculated  as  previously  shown. 

l«ctto»  BMotons. — In  addition  to  the  tests  to  which  the  D.  G.  motor 
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U  oi'dlnarily  submitted,  there  are  seTer&I  others  usually  m»pUed  to  the  In- 
duction motor,  as  follows :  — 

£xeit€Uion ;  Stationarv  impedance ;  Maximum  output  f  and  some  Tariatlons 
on  the  usual  heat  and  emclenoy  tests. 

^xoitaHon:  This  is  also  the  test  for  core  loss+  friction,  allowanee  being 
madefor/*Aof  field;  with  no  belt  on  the  pulley  the  motor  is  run  at  full 
impressed  voltage.  Itead  the  amperes  of  current  in  each  leg,  and  total 
watts  input.  The  amperes  give  the  ezoitatioo  or  "  running-light "  current, 
and  the  watts  give  core  loss  +  friction  4-  /*J?  of  excitation  current. 

StcUicnarp  impedance:  Block  the  rotor  so  it  cannot  move,  aod  read  volts 
and  amperes  in  each  leg,  and  total  watts  input.  This  is  usually  done  at 
half  voltage  or  less,  and  the  current  at  full  voltage  is  then  computed  by 
proportion.  This  then  gives  the  current  at  instant  of  starting,  ana  a  meas- 
ure of  Impedance  from  which,  knowing  the  resistance  and  core  loss,  other 
data  can  be  calculated,  such  as  maximum  output,  efficiency,  etc. 

Maximum  output :  This  might  be  called  a  break-down  test;  as  It  merely 
consists  in  loading  the  motor  to  a  point  where  the  maximum  torque  point  ia 
passed  and  thus  the  motor  comes  to  rest. 

Keep  the  impressed  voltage  constant  and  apply  load,  reading  volts,  am- 
peres In  each  leff,  the  total  watts  input,  and  revolutions ;  also  record  the 
load  applied  at  the  time  of  takins  the  input.  Then  take  counter  torque  as 
explained  before,  from  which  the  efficiency,  the  apparent  efficiency,  the 
power  factor,  and  maximum  output  are  immediately  calculated. 

Heat  t«st.— Bun  motor  at  full  load  for  a  sufficient  length  of  time  to 
develop  full  temperature,  then  take  temperatures  by  thermometer  at  the 
following  points :  — 

1.  Room,  not  nearer  to  the  motor  than  three  feet  and  on  each  side  of  motor. 

2.  Surface  of  field  laminations. 

3.  Ducts  (field). 

4.  Field  or  stator  conductors,  through  hole  in  shield. 
6.  Surface  of  rotor. 

6.  Rotor  spider  and  laminations. 

7.  Bearings,  in  oiL 

During  heat  run,  read  amperes  and  volts  In  each  line. 

Sflcl«acF  tmmt,  —  Apply  load  to  the  motor,  starting  with  nothing  but 
friction ;  make  readings  at  twelve  or  more  intervals,  from  no  load  to  break- 
down point.  Keep  the  speed  of  A.  C.  generator  constant,  also  the  impressed 
voltage  at  the  motor. 

Bead,   Speed  of  motor. 

Speed  of  A.  0.  dynamo. 

Amperes  input  to  motor,  in  each  leg. 

Volts  impressed  at  motor  terminals. 

Watts  input  to  motor,  by  wattmeter. 

Current  and  volts  output  from  D.  G.  machine  belted  to  motor, 

Counter  torque  as  explained  above,  and  excitation  reading  watts. 

From    the  above  the    efficiency,    apparent    efficiency,  power  factor 

~  *^realefflcienoy^^^)  •  *^  maximum  output  can  be  calculated. 

In  reading  watts  in  three-phase  motors,  it  is  best  to  use  two  wattmeters, 
connected  as  shown  in  following  sketch :  — 

1,  2,  3,  are  the  three-phase  lines  leading  to  th« 
motor. 

A  and  B  are  two  wattmeters. 

b  is  the  current  coil  of  A,  and  M  of  B. 

a  is  voltage  coll  of  A,  and  a^  of  B. 

The  sum  of  the  deflections  of  A  and  B  give  total 
watts  input.  At  light  loads  one  wattmeter  usually 
reads  neffatlve,  ana  the  difference  is  the  total  watts. 

Iteealte.— At  the  end  of  the  preeeding  tests  the 
following  results  should  be  computed,  and  curvea 
plotted  from  them. 
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Tta.  K. 


%  ■ynohronl.m  =  8pa«Jot motor xMO. 

Synchronous  speed. 


BYNCHRON008    MOTOR. 
I  .fllcl«ncr=  OjtP-t^t  motor  X  TO 


Pow«f*.lor=  „...  ^!"' ... 


apparent  «fflel«id]' 
rati  efflclenaT 
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all  *t  1  ft.  Tulliu : 

1  b«  plotted  on  Bihaat  Inonrreii 
tiale  OD  "  Indnotlon  Mulon." 
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SnckroBOBi  Motor. —Syncbrononi  tnotoni  an  lepuaUly  aioitsd, 
uuf  thoD.  C.  eujlter  ibauld  hare  iu  qualidw  t«led  u  a  dyuuno.  Byu- 
chronoiu  motan  are  teflted  for  Bftak-dfAea  point ;  SUxHine  curr#iiJ  at  differ- 
ont  point!  of  location  of  tb«  rotor  ;  Ltml  ixcMng  currm/for  variom  loads. 
Alt  thsK  In  addition  to  tha  regular  afBclanoy  and  other  taiti.  Oora  loaiei, 
frletlDn,  /'X  loasea,  eto.,  oaa  be  faiwd  by  any  of  tba  usual  methods  pra- 
Tloosly  deacrlbed. 

D — vj .-J     n..__i ^j^^  jmj  jml„  gurtlng-torque ; 

•tMr  the motOT  has  settled iteadlly  and  irtthoat  ■'bunting*' on  Its  synchro- 

1 1,  J ._.  ..  [„unij  by  Bpnlsing  Jnad  to  the  point 

h  will  be  InrTiriLtB.'  ^ '-'—  -->■ 


Brtabtloiim  poM.    Syncbronoui 

— -i  It  Is  necessary  to  start 

«r  the  motor  has  settled  i 
IS  speed.    The  bieak-doir 

o(  cnrre 

Tbls  lest  Is  usnally  oarTled  oat  at  aboat  half  _i 


■,CS 


II  of  tbe  load 
Che  (all  load 
adjusted  at 


■t  MOO  TO 


v,  breaks  down  at  U 
I  tme  full  break-dow 
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Starting  current.  Owing  to  consequent  disturbance  to  the  line,  it  is  desi- 
rable that  the  starting  current  of  a  srnchronous  motor  be  cut  down  to  the 
lowest  point ;  but  it  is  diflBicult  to  reduce  this  starting  current  lower  than 
200%  ofxull-load  current.  A  synchronous  motor  also  starts  easier  at  certain 
positions  of  its  rotor  as  related  to  poles.  With  the  rotor  at  rest,  and  the 
K>cation  of  the  centre  of  its  pole-pieces  chalked  on  the  opposite  member, 
the  circuit  is  closed,  the  ImpressedToltage  is  kept  constant,  and  the  current 
flowing  in  each  leg  of  the  circuit  is  read,  and  the  time  to  reach  synchro- 
nism. Care  should  be  taken  to  note  the  amount  of  the  ftrst  ruth  of  current, 
and  then  the  settling  current  at  speed. 

Leeut  exciting  current.  The  power  factor  of  a  synchronous  motor  will  be 
100  only  when,  witii  a  given  load  on  the  motor,  the  exciting  current  is  ad- 
lusted  so  that  there  is  neither  a  leading  nor  lagging  current  in  the  armature. 
Sometimes  it  is  desirable  to  produce  a  leading  current  in  order  to  balanee 
the  eflfect  of  induction  motors  on  the  line,  or  inductance  of  the  line  itself. 
Ttiis  Is  done  by  over-exciting  the  fields. 

With  a  glren  load  on  the  motor,  the  100  power-factor  is  found  by  oom- 

Sailng  the  amperes  in  the  motor  armature  with  the  exciting  current  in  the 
eld.  Starting  with  the  excitation  rather  low,  the  armature  current  will  be 
high  and  lagging ;  as  the  excitation  is  increased,  the  armature  current  will 
drop,  until  It  reaches  a  point  where,  as  the  excitation  is  still  increased,  the 
armature  current  begins  to  rise,  and  keeps  on  rising  as  the  exciting  current 
Is  increased,  and  on  this  side  of  the  low  point  the  annature  current  is 
leading. 

With  no  reason  for  making  a  leading  current,  the  best  point  to  run  the 
motor  at  is,  of  course,  that  at  which  the  armature  current  is  the  lowest ;  and 
at  that  point  the  power-factor  is  100. 

STMCBroMOBa  MHip«4iftMC«.— TheE.M.F.  of  an  alternating  dynamo 
is  tne  resultant/of  two  motors,  i.e.,  the  energy  S.M.F.  and  inductive  B.M.F, 

The  energy  E.M.F.  may  be  determined  from  the  saturation  curve  by  run- 
ning the  machine  without  load,  and  learning  the  field  strength  necessary  to 
produce  full  voltage. 

The  inductive  E.M.F.  is  at  risht  angles  to  the  energy  B.M.F.^  and  is  de- 
termined by  driving  the  machine  at  speed,  short-circuiting  the  armature 
through  an  ammeter,  and  exciting  the  field  Just  enough  to  produce  full-load 
current  in  the  armature.  The  amount  of  field  current  necessary  to  produce 
full  load  is  a  measure  of  the  iiufucMre  E.M.F.,  which  can  be  determined  from 
the  saturation  onrve  as  before,  and  the  retuUant  E.M.F.  will  be 

Resultant  E.M.F.  =  Venergy  E.M.F.*  +  inductive  E.M.F.^ 


SatnratloM  test.— This  test  shows  the  quality  of  themagnetlo  cir- 
cuit of  a  dynamo,  and  especially  the  amount  of  current  neoessanr  to  saturate 
the  field  cores  and  yokes  to  a  proper  intensity.  In  this  test  it  is  Important 
that  the  brushes  and  commutator  be  in  good  condition,  and  that  all  contacts 
and  joints  be  mechanically  and  electrically  tight. 

The  dynamo  armature  must  be  driven  at  a  constant  speed,  and  the  leads 
from  the  voltmeter  placed  to  get  readings  from  the  brushes  of  the  dynamo 
must  have  the  best  of  contacts. 

The  fields  of  the  dynamo  must  be  separately  excited,  and  must  hare  in 
the  circuit  with  them  an  ammeter  and  rheostat  capable  of  adjusting  the 
field  current  for  rather  small  changes  of  charge. 

The  armature  must  be  without  load,  and  a  voltmeter  must  be  connected 
across  its  terminals. 

Should  there  be  residual  magnetism  enough  in  the  iron  to  produce  any 
pressure  without  supplying  any  exciting  current,  such  pressure  should  be 
recorded ;  or  perhaps  a  better  way  is  to  start  at  sero  voltage  by  entirely 
demagnetizing  the  fields  by  momentarv  reversal  of  the  exciting  current. 

To  start  the  test,  read  the  pressure,  due  to  residual  magnetism  if  not  de- 
magnetized, or  if  demagnetized,  start  at  zero.  Qive  the  fields  a  small  eli- 
citing current,  and  read  the  voltage  at  the  armature  terminals  ;  at  the  same 
time  read  the  current  in  the  fields,  and  the  revolutions  of  the  armature. 
Increase  the  excitation  in  small  steps  until  the  figures  show  that  the  knee  of 
the  iron  curve  has  been  passed  by  several  points ;  then  reverse  the  operation, 
decreasing  the  excitation  by  like  amounts  of  current,  until  zero  potential  is 
reached. 

This  is  usually  as  far  as  it  is  necessary  to  go  in  practice ;  but  oooaslonaUy 
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it  to  well  to  complete  the  entire  magnetic  cycle  by  teyersing  the  exciting  cur- 
rent, and  repeating  the  steps  and  readings  as  above  described. 

The  readings  shonld  be  plotted  in  a  curve  with  the  amperes  of  exciting 
current  as  abscissae,  and  yolts  pressure  as  ordinates. 

The  E.M.F.  will  be  found  to  increase  rapidly  at  first ;  and  this  increase 
will  be  nearly  proportional  to  the  exciting  current  until  the  "  knee  "  in  the 
curve  is  reached,  when  the  E.M.F.  increase  will  not  be  proportional  to  the 
excitation  until  after  the  "  knee "  is  passed,  when  the  increase  in  E.M.F. 
will  again  become  nearly  proportional  to  the  excitation,  but  the  increase 
will  be  at  such  a  low  rate  ae  to  show  that  the  magnetic  circuit  is  practically 
saturated ;  and  it  is  not  economical  to  work  the  iron  of  a  magnetic  circuit  too 
far  above  the  knee,  nor  is  it  expedient  to  work  it  at  a  point  much  below  the 
**  knee"  except  for  boosters. 

The  exciting  current  must  not  be  broken  during  this  test,  except  possibly 
at  zero ;  nor  must  Its  value  be  reduced  or  receded  from  in  case  a  step  should 
be  made  longer  than  intended.  Inequalities  of  interval  in  steps  of  excit- 
ing current  will  make  little  difference  when  all  are  plotted  on  a  curve.  For 
the  same  ralue  of  exciting  current  the  down  readings  of  E.M.F.  will  always 
be^gher  than  those  on  the  up  curve. 
e  of  fl«ld  colla.  — ' 


The  resistance  of  the  shunt  fields  of  a 
dynamo  or  motor  can  be  taken  in  any  of  the  usual  ways :  by  Wheats  tone 
bridge ;  by  the  current  flowing  and  drop  of  potential  across  the  field  termi- 
ni ;  and  it  Is  usual,  in  addition,  to  take  the  drop  across  the  rheostat  at  the 
same  time.  The  resistance  of  each  field  coil  should  be  taken  to  insure  that 
all  are  alike. 

Resistance  of  series  fields,  and  shunts  to  the  same,  must  be  taken  by  a  dif- 
ferent method,  as  the  resistance  is  so  low  that  the  condition  of  contacts  may 
vary  the  results  more  than  the  entire  resistance  required.  The  test  for  re- 
sistance of  armatures  following  this  is  quite  applicable.  Of  course  any  test 
for  low  resistances  is  applicable  ;  but  the  one  described  is  as  simple  as  any, 
and  quite  accurate  enough  for  the  purpose. 

lloaiatoace  of  annatare.  —  In  order  to  determine  the  I*Ii  loss  in  a 
generator  or  motor  armature,  its  resistance  must  be  measured  with  consider- 
able care ;  and  the  ordinary  Wheatstone  bridge  method  is  of  no  use,  for  the 
reason  that  the  variable  resistance  of  the  contacts  is  often  more  than  that 
of  the  armature  itself.  The  drop 
method,  so  useful  with  higher  re- 
sistance deytces,  is  not  accurate 
enough  for  the  work  -,  and  the  STOiuoe 
most  accurate  method  is  probably       battkrx^ 

the  direct  compulson  with  a  Stan-  [^    _  ^ 

dard  resistance  by  means  of  a     adjustaslei  ISSL  ^  yb,TRANsna 

good  galyanometer  and  a  storage     resistanoi  f  layi  ;p->«v^  ^      twrrca 
battery.  f  standard 

Clean  the  brushes,  commutator  HESisTANce 

surface,  or  surface*  of  the  col-  R 

lector-rings,  and  in  the  case  of  a 

D.  C.  machine,  see  that  opposite    FiG.  17.    Diagram  of   arrangement   for 
brushes  bear  on  opposite    seg-         measuring  resistance  of  armatures, 
ments* 

Connect  the  galvanometer  and  its  leads,  the  storage  battery  and  resis- 
tances, as  in  the  following  diagram.  The  standard  resistance,  R,  will  ordina- 
rily be  about  .01  ohm,  but  may  be  made  of  any  size  to  suit  the  circumstances, 
^e  storage  battery  must  be  large  enough  to  furnish  practically  constant 
current  during  the  time  of  testing.  The  galvanometer  must  be  able  to 
stand  the  potentials  from  the  battery ;  and  it  is  usually  better  to  connect  in 
series  with  it  a  high  resistance,  so  that  its  deflections  may  not  be  too  high. 
The  deflection  of  the  galvanometer  should  be  as  large  as  possible,  and  pro^ 
portional  to  the  current  flowing.  The  leads  a,  a|,  and  b  and  6^,  are  so  ar- 
ranged with  the  transfer  switch  that  one  pair  after  the  other  can  be  thrown 
in  curcuit  with  the  galvanometer ;  and  it  is  always  well  to  take  a  deflection 
flrst  with  R,  then  again  after  taking  a  deflection  from  the  armature. 

The  leads  a  and  a|  must  be  pressed  on  the  commutator  directly  at  the 
brush  contacts,  sjid  may  often  he  kept  In  place  by  one  of  a  set  of  orushes 
at  either  side. 

Toat.  — Close  the  switch,  k,  and  adjust  the  resistance,  r,  until  the  am- 
meter shows  the  amount  of  current  desired,  and  watch  it  long  enough  to  bo 


I 


TESTS,    ETC. 


|g  oonBlAiit.  Close  the  tnuuf er  iwllch  ao  b  and  b,,  mi  nad  the  «1- 
9ler  defleciLon.  calling  It  d.  Throw  the  tnuisfsr  nritoh  to  the  eaa. 
,  and  a,,  read  the  galvanometer  deflecUnn,  and  call  It  d,.  Tramfer 
'— '-  ■■ *,  and  6,  and  Uke  another  reading;  and  If  It  differ* 


A  tsleplMnc  receiver  mav  be  used  In  plaea 
or  the  galvanameter,  and  the  preaence  of 
oorrent  will  be  ladloated  bj  a  "  tkk  ■'  In  the 
tnstnunent  aa  circuit  la  madB  or  broken 

Tert  for  aksn  elrcnlt.  -Where two 
adjacent  coianintataT  bare  are  In  contact,  or 
a  coll  between  two  BograontB  beconias  short- 
olrnnlled.tliebar  to  bar  teatwllh  ealvanom-       ■  '    sTr.n.M  .,. 

lect   (he   fflnll  by  .h™fpa  no  ""''"^ 

H  a  telephone  Ih  Mod,  it  will  be    P"'-  1»-     Bar  to  b 
._ !■-.:,  ..  .  open  clioolt  In 


ARHATURE     PAULTB. 


daflMtk.      _ 
that  point  will  be 
tu  tha  panlcDlu  uuu 

* two  HgDanM 


dafleetlon,  nnlew 


.   .      tStiiiHi- 

tbappent  "'' itoucf 

„     ..  t,  In  wnltb  aiij^BV          aHt« 

CM*  there  *1U    be  »ro    deflection.  ^     „      .„         .  i     .    ..      ,.  ^ 

ContMU  In  fleld  MlU  ciui  be  looMed  FlO.Il.    Alt*ni«t«b»rt«i(fotiliort 

bf  UiB  Mune  method.    The  (oUoBinK  otronlt  between  «ctti>jii. 

Id  dstemtiM  ifarmalitrt  of  BUMiooSar  dmamo  (f  eliclricaliti  centred,  pnt 
downbi — ••—  '  ""'  "  ■"''  '■'•-  -""- 


aca  ot  miubine ;  pal  dowi 


t.  take 


I'ss'.n 


In  the  aboTe  the 


fna  Toltage ;  repeat  thfi  cAieratlon 
wflh  all  the  brnahee,  and  the  Tolt- 
age with  any  pair  Abonld  be  the 
aame  at  that  of  ani  other  pair  U  the 
armature  li  electrloallr  aentral. 

The  aame  Iblng  nan  alao  ba  deter- 
mined by  taking  the  preaaiirecur>ea 
all  aroand  tha  eommntator  a*  ghown 
in  the  notee  on  ckaractaUUe*  an 
dgrnonot. 


lid  ba  exactly  at  tha  i 
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Revised  by  E.  B.  Raymond  and  Cecil  P.  Poole. 

Tott  alternating  or  periodioallj  varying  corrents  there  are  three  valvet  of 
the  E.M.F.  used,  or  of  which  the  valae  is  required  : 

a.  The  maxim  am  value,  or  the  top  of  the  wave. 

b.  The  instantaneotu  value  of  a  point  in  the  wave. 

c.  The  effective  E.M.F.,  or  Vmean^  value  of  the  full  wave. 

Since  the  maximum  value  of  a  sine  curve  =  =  x  its  average  value,  the 

maximum  value  of  the  E.M.F.  of  a  single-phase  bi-polar  alternator  pro- 
ducing an  alternating  sine  wave  of  E.M.F.  is 

_  ir     «  ^«  2  r.p.s.      ,,,^      IT  ♦  ^#  r.p.s.  ICr* 

2  q  q 


In  an  alternator  having  p  polee  and  m  phases, 

ir     it*  JVeiir.p.g.  10~* 
2  mq 


where  A  is  a  number  ranging  from  1  to  2.6,  depending  upon  the  shape  of  the 
coil  of  the  armature  an<r also  upon  the  shape  of  the  pole-piece,    iv*  =  num- 
ber of  conductors ;  q  :=  number  of  parallel  paths  in  each  winding  or  phase. 
The  instantaneous  B.M.F.  in  one  winding  at  any  moment 


w  ^NeX  r.p.s.  X  ♦  X  P  X  *  10-* 


=  aX 


mq 


X  sintf, 


where  B  ^  the  angle  through  which  the  armature  has  turned  from  the  po0i> 
tion  where  the  cou  embraces  the  maximum  flux.  The  most  important  value 
of  all  is  the  square  root  of  the  mean  square  value  of  the  sine  wave  of  E.M.F., 
since  this  value  is  the  effective  or  working  value.  It  is  equal  to  the  maxi- 
mum value  of  a  sine  E.M.F.  wave  -^  ^2, 
Hence 

___»  k^ITip  r.p.s.  ICr*  _  1.11  k  ♦  Nep  r.p.s.  vr» 

2  V2  mg  mq 

In  three-phase  alternators  the  E.M.F.  between  terminals  will  depend  upon 
the  method  of  connecting  the  armature  conductors.  The  two  most  common 
methods  are  called  the  delta  connection  and  the  Y  or  star  connection,  both 
shown  in  the  following  diagrams. 


E<f  2 


I — 


OCLTA  OONNEOnON 


Y  on  STAR  CONNECTION 


FlOB.  1  and  2.    Values  of  E.M.F.  in  three-phase  connections  when  a; =y  r=  z. 

In  the  delta-connected  armature  the  E.M.F.'s  between  terminals  are  those 
generated  in  each  coil,  as  shown  in  the  diagram. 
In  the  T-connected  armature  the  E.M.F.  between  any  two  terminals  is 

the  E.M.F.  generated  by  one  of  the  coils  in  that  phase  multiplied  by  the  V3 
or  1.732. 

Two-phase  circuits  are  sometimes  connected  as  a  three-phase  circuit ;  that 
is,  both  phases  hare  a  common  return  wire.  In  this  case  the  pressure  be- 
tween the  two  outgoing  wires  is  V2  x  ^.  and  the  current  in  the  common 

return  will  be  /  V2,  both  conditions  are  on  the  assumption  that  E  and  /  In 
each  phase  is  the  same. 
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The  eorrent  from  an  altenutfcur  depends  upon  induetanoe  and  retistanee. 
The  ooeflLcient  of  inductance  Is  representea  by  the  letter  L.  The  E.MJP. 
of  an  alternator  follows  approximately  a  sine  curve,  and  the  current  from 
it  is  represented  by  the  same  kind  of  curre.  Since  in  a  circuit,  lines  of 
force  exist  in  proportion  to  the  current  flowing,  at  each  of  its  different  eur- 
rent  ralnes  there  is  a  new  value  of  lines  in  force.  Thus,  in  a  circuit  of 
Tarying  current  there  is  a  continnouslyraryiuff  flux,  and  hence  there  is  in- 
duced a  back  EJf .F.  This  back  E.M !f.  is  called  the  back  E.M.F.  of  self- 
induction,  and  it  retards  the  current  flow  iust  as  does  resistance. 

This  back  E.MJ.  of  self-induction  combines  with  the  resistance,  but  at 
right  angles  thereto,  the  result  being  called  impedance. 

The  ooeffloient  of  self-induction  = 

-        max.  flux  X  turns     . 

^  =     amperes  X  10*      =^«"y»- 

Henrys  multiplied  by  2  «■/=  reactance  ohms  (/=  cycles  per  second). 

In  a  eircuit  where  R  =  resistance  ohms,  and  2  v  /X  =  reactance  ohms, 
tiiese  combine  at  right  angles  to  produce  impedance  ohms,  or  the  total 
opposing  force  of  the  ourrent,  thus: 

Impedance  =  V  jjtqi^TTW 

Hence  in  an  alternator  circuit  if  the  coefficient  of  self-induetion  of  the 
alternator  be  £,  and  that  of  the  external  circuit  be  X,;  and  If  the  resistance 
of  the  alternator  armature  be  J7,  and  that  of  the  external  circuit  be  At» 
and  the  eifectiye  E.M.F.  generated  in  the  alternator  armature  =  B^  then 
the  current  flowing  will  be 

/= 


V  (/J  +il,/»  4-  (2  n/L  H-  2  »/Z,i)« 

In  the  following  diagram  of  a  T-connected  multiphase  generator  and  dr- 
enits,  let 

e,  ==  E.M.F.  of  any  phase  in  the  armature, 
ij  =  current  of  any  phase  in  the  armature, 
E  =  E.M.F.  between  mains, 
/=  current  in  any  main, 


I 


FlO.  8. 

Px  =  power  of  one  phase  of  the  armature, 
/  =  total  power, 

but  ^  =  e,Vs, 

henee  i»  =  8iri  =  --p  =r  1.732  JP/, 

•^  ^~  1.732  if' 
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In  the  following  dlAgram  of  a  delta-connected  polyphase  generator  and 
oirooitfl,  let 

«,  =  jy,  ^  jfc .—-I 

i>  =  3P,  =  5^  =  1.782^7, 
▼3 


1.732  i? 


FiQ.  4. 


Where  the  olroult  Is  inductire,  in  order  to  determine  the  real  power  thi 
above  result  must  be  multiplied  by  the  "  power  factor."  or  theoosine  of  the 
**  angle  "  by  which  the  current  lags  behind  or  leads  tne  E.M.F.  Thus  the 
power  in  a  circuit  in  which  the  current  lam  $  degrees  behind  the  E.M.F.  = 
72?  cos  9,  If  the  current  lags  90^  behind  the  E.M.F.  there  will  be  no  energy 
developed  as  cos  SO''  =  0. 

The  cosine  of  the  angle  of  lag  9,  or  the  wnoer/aetor.  is  equal  to  the  ratio 
of  the  true  watts  to  the  apparent  watts.  In  ordinary  lighting  distribution, 
the  power  factor  is  high  so  that  rough  calculations  are  made  without  its 
Talue  being  exactly  known. 

Aarl«  of  I<ar>  ^^  dietennUie  with  a  w»tt  aseter  l»  «hs««« 
phase  circvito  (Fig.  6) :  Connect  the  current  coil  in  one  lead ;  oonneo* 


Wm 


FiO.  6. 

one  end  of  the  potential  coll  to  j;  on  the  same  lead ;  now  connect  the  re 
malning  end  first  to  one  of  the  remaining  leads  y,  then  to  s,  calling  the  flrst 
reading  P^  and  the  second,  P^^ ;  then  if  9  =  angle  ot  lag, 


tan  •  =  V3  ^' 


n 


Px  +  Pn 

When  9  is  greater  than  60  degrees,  one  reading  will  be  negatlre,  so  thal^ 
the  difference  of  readings  will  m  greater  than  their  sum. 

If  /{= resistance  per  leg  of  Y-connected  armature, 

r=:  resistance  per  phase  of  A-conneoted  armature, 
then, 

7>J7  loss  in  Y-«onnected  armature  =3  PR 


PR  loss  in  A-connected  armature 


■■•■V7  ^  Vo»*Imd«ctlTe  Th 


-(fi)^  = 


Pr, 


Otrcvite. 

7  =r  current  in  any  one  of  the  three  wires  of  external  circuit, 
i  =  current  in  one  phase  of  the  armature  for  delta  connection, 
P= watts  output  of  a  balanced  three-phase  generator, 
1.782=  V3, 

JJ77=1-^V3, 
£= Tolts  between  terminals  (or  lines)  on  either  delta  or  Y  system, 
t|=:Tolts  of  one  phase  of  the  armature  if  connected  in  "  Y," 
^= resistance  per  leg,  of  Y-connected  armature, 
r=:  resistance  per  phase  of  A-connected  armature, 


P=8  7,  r  =  ?A^=/'  E  1.732  (either  with  Y  or  A  armature). 


COPP£K   LOSS  IN   ABMATURBS. 


407 


For  A 

...  p  ^  ?^Ji  =r  1.732  S  /,  which  showi  Btatement  in  brackets  to  be  true. 
V3 

J-        ^ 
^'  ~  ^  X  1.738 

I,  =  1.732  i  in  delta  system. 

/>J2  loss  in  T  connected  armature  =  3 1,*JR. 

I*R  loss  in  A  connected  armature  =  8  (  -p  )  ^  =  ^z**** 


? — F 

E 


E-E. 


E-E, 


F10.6.  Fia.'7. 


/  AiiPWU«-i.7asxror» 


/MlNRn-« 


/  AMPEISS— t.7»Xtortf 


/iMieEWES  «i.T«^|f org 


Delta  Oonneotlon.  Star  or  T  Oonneotion. 

Acw.  8  and  9.   Values  of  current  in  three-phase  connections,  where  x^y^zu. 


In  the  Aniiat«r«a  of  AltoniAtore. 

A.  Ruckgaber. 

In  the  armature  of  any  alternating-current  dynamo  or  motor  of  either 

single  or  polyphase  the  copper  loss  is  always  equivalent  to  -y-  «  in  which 

/=  total  amperes  and  R  r=  the  measure  of  resistanoe  between  leads  of  a 
phase*  usually  taken  as  an  arerage  of  the  measurements  of  the  armature 
resistance  of  each  phase. 

Let  R  =  Resistance  as  measured  (arerage). 
r  =  Resistance  per  phase. 
/  r=  Total  amperes  =  watts  -^  Tolts. 
/jrr  Amperes  per  lead. 
i  .=r  Amperes  per  phase,  in  winding. 

.  —  Here     /=/i  =  i;  and /?  =  r 
VJ?  loss  =  I^R. 


408 


ALTBRNATINiGhCURRENT   MACHINES. 


(Fig.  10). 


t  Wted. 


R  is  measured  from  1  to  8  and  2  to  4. 


/ 

p 

"  E 

watts 

~    TOltS   ' 

^l 

I 
=  2* 

Then/*/?  loss 

=  2i/«ll 

2/»J? 
""     4 

2 

31 
FIQ.  10. 

Two-PbaM  WladlBffa  Conmected  In  SeriM  (Fig.  11). 


The /j««  loss  =  ^fV  = 


4/ar 
8 


TV- 
2 


JS  is  measured  from  1  to  8  and  2  to  4, 
the  ayerage  of  these  two  being  taken 
for  the  value  of  R. 

Then  jt^C  +  rHr  +  r)^^. 

4r 


The  /i>Jl  loss  =. 


nR 


St»r  ConmectloM  (Fig.  12). 


Fio.  11. 


E  Vi 


Then  the  /x^i?  loss  =  8  <%-  =  8  /jV  =  TV. 

R  is  measured  from  1  to  2,  2  to  3,  and  3  to 
1,  the  average  of  the  three  being  the  value 
used  for  R. 

Then  R  as  measured  =:  2  r. 

PR 
,*.  The  Ii^R  loss  =  -^. 


Fig.  12. 


littltA  ConectloB  (Fig.  13). 
if  *      Vs      *V3      3* 


Then        I^*R  loss  =  3  iV  = 


■  ■  a 

3 


R  is  measured  from  1  to  2,  2  to  3,  ^ 
and  3  to  1,  the  average  of  these  being  "^^ 
taken  as  the  value  of  R. 


-\V\A»VVWVVVWNA/VV- 

r 
Fio.  13. 


5^ 


Then  JS  as  measured  =  -^l^^^-±p^=  I  rand  the /.>J{  loss  s  ~ 
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The  General  Eleetrio  Compftny  in  October,  1860,  plaoed  on  the  market  a 
new  type  of  polyphase  alternator,  which  is  claimed  to  overcome  many  of 
the  faults  common  to  the  old  style  of  machine,  especially  when  used  on 
combined  lighting  and  motor  loads.  While  it  nas  oeen  found  a  oompara- 
tirely  easy  matter  to  compound  and  over-«ompound  for  non-inductire  loads, 
it  has  been  heretofore  quite  diificuit  to  add  excitation  enough  to  compound 
for  inductiTe  loads  which  require  considerably  more  field  current  than  do 
loads  of  a  non-inductire  nature. 

The  following  description  is  taken  from  the  bulletin  Issued  by  the  makers 
describing  the  machine,  which  is  of  the  revolving  field  type  :  — 

**  The  means  by  which  this  result  is  accomplished  are  as  follows :  The 
shaft  of  the  alternator  which  carries  the  reTolvlng  field  carries  also  the 
armature  of  the  exciter,  which  has  the  same  number  of  poles  as  the  alter- 
nator, so  that  the  two  operate  in  synchronous  relntion.  In  addition  to  the 
commutator,  which  deuVers  current  to  the  fields  of  boUi  the  exciter  and  the 
alternator,  the  exciter  has  three  collector  rings  through  which  it  receives 
current  from  one  or  several  series  transformers  inserted  In  the  lines  leading 
from  the  alternator.  This  alternating  current,  passing  through  the  exciter 
armature,  reacts  magnetically  upon  the  exciter  field  in  proportion  tc  the 
strength  and  phase  relation  of  the  alternating  current.  Consequently  the 
magnetic  field  and  hence  the  voltase  of  the  exciter,  are  due  to  the  combined 
effect  of  the  shunt  field  current  ana  the  magnetic  reaction  of  the  alternating 
current.  This  alternating  current  passes  through  the  exciter  armature  in 
such  a  manner  as  to  give  the  necessary  rise  of  exciter  voltage  as  the  non- 
indoctive  load  increases,  and  without  other  adjustment,  to  ^ve  a  greater 
rise  of  exciter  voltage  with  additions  of  inductive  load." 


B«lJI.AVO]U»   FOlft  AI.TSRl!f Ani!f«  CUMiSirr 

«BJ!fBlKATOR». 

General  Electric  Company. 

This  regulator  automatically  maintains  the  voltage  of  the  generator  at 
the  desired  value  by  varying  the  exciter  voltage.  This  is  done  by  rapidly 
opening  and  closing  a  shunt  circuit  across  the  exciter  field  rheostat.  Fig.  14 
snows  the  elementary  connections  of  the  regulator.  The  rheostat  snnnt 
oirouit  is  opened  and  closed  by  a  differentially  wound  relay.  The  current 
for  operating  this  relay  is  taken  from  the  exciter  bus  bars  anu  is  controlled  by 
the  floating  main  contacts.  The  current  for  operating  the  direct-current  con- 
trol magnet  is  also  taken  from  the  exciter  bus  oars.  Tne  relay  and  the  direct- 
current  control  magnet  constitute  the  direct-current  portion  of  the  regulator, 
and  maintain  not  a  constant  but  a  steady  exciter  voltage.  The  alternating' 
current  portion  of  the  regulator  consists  of  a  magnet  having  a  potential 
winding  connected,  by  means  of  a  potential  transformer,  to  the  bus  bars  or 
the  circuit  to  be  regulated.  This  magnet  also  has  an  adjustable  oompen- 
satlnff  winding  which  is  connected  in  series  with  the  secondary  of  a  current 
transformer  usually  inserted  in  the  principal  lighting  circuit.  The  core  of 
this  magnet  is  attaohed  to  a  pivoted  fever  carrying  a  counterweight  which  is 
balanced  by  the  attraction  of  the  magnet.  If  a  load  is  thrown  on  the  genera- 
tor the  voltage  will  tend  to  drop,  the  alternating-current  magnet  will  weaken 
and  destroy  we  balance  of  the  core  and  lever  and  cause  the  main  contacts  to 
close ;  this  in  turn  will  dose  the  relay  contacts  and  entirely  short-circuit 
the  exciter  field  rheostat,  thus  increasing  the  exciter  voltage  until  the  origi* 
nal  balance  of  the  alternating-current  magnet  core  and  lever  is  restored 
and  the  alternating-current  voltage  maintained  at  the  required  value. 

In  some  cases  the  exciter  voltage  will  vary  from  70  to  120  volts  from  no 
load  to  full  load.  This  is  especially  true  if  the  load  is  partly  inductive 
and  the  regulator  is  adjusted  to  compensate  for  the  line  loss.  In  order  to 
get  the  fun  range  of  regulation  within  the  scope  of  the  regulator  in  such 
eases,  the  alternating  field  rheostat  should  be  turned  entirely  out  and  the 
exciter  field  rheostat  adjusted  to  lower  the  alternating-current  voltace 
about  6B  per  cent  below  normal.  When  the  regulator  is  switched  in,  it  will 
close  the  rheostat  shunt  circuit  and  instantly  build  the  voltage  up  to  nox^ 
mal,  and  maintain  normal  voltage  by  rapidly  opening  and  closing  tiie 
rheostat  shunt  circuit. 


I 
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Ho.  li,  DIacram  of  Tlrrell  regnlator  vid  souuMtlani  for 
Mr  ud  aiolMr. 
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M  the  tormiaal  toIUm  at  no  load.    Psrtball  A  Hobart  give  the  following 
'atio  for  tenoinal  voltage  under  no-4oad  conditions : 

Bingle-eoil  winding  =  1.      for  the  same  total  nnmbttr  of  oondaotors,  the 
spacing  of  eondaotors  being  uniform  orer  the  whole  ciroomf erenoe. 
Two-coil  winding  =   .707. 
Three-coil  winding  =    .067. 
Four-coil  winding  =    .tiM. 

When  the  armature  is  loaded,  the  current  in  it  reacts  to  change  the  termi- 
nal S.M  J.,  and  this  may  be  maintained  constant  by  manipofibtion  of  the 
sxoiting  current.  With  a  giyen  number  of  armature  conductors  this  reac- 
tion is  greatest  with  the  single  coil  per  pole  winding,  and  the  ratios  just 
liven  are  not  correct  for  full-load  conditions. 

•tagrlc-plUMe  Urtmdtaffa.— The  following  diagram  shows  one  of  the 
limplest  forms  of  single-phase  winding,  and  is  a  sin^M  eoU  per  pole  winding. 


Fio.  IS. 

Another  similar  winding,  but  with  bars  in  place  of  coils,  is  shown  in  the 
following  figure.    It  can  be  used  for  machines  of  large  output. 


I 
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Ths  followlnB  Bgnrs  Rhom  ■  good  tjp«  of  thrM  bui  p«r  pola  wl 
vliloh  ii  Bimplsui  eolutruotioo. 


Twa-pkaao  WIbMb^.  — Tlie  folknrlne  lUmgram  ihoini  ■  good  tjpe 
of  irlndlng  tot  gnarter-pliate  muhlnaa.  It  ntlliut  th«  nrlsdlsg  tpmxe  u, 
(Dod  mdTuitige,  uid  ti  ■ppUoabl*  to  an;  Dombet  ol  colli  par  polo  per  phua. 


,U^k> 


Ftg.  lOIa  ■  diagram  of  alHU«Indlag  for  a  qoarter-phaM  maehlne,  irlth 
lOur  oondneton  per  pola  per  phase. 
Vhr**i-|tliaa*  wiBdla^.—Flf.  30  1*  a  diagram  of  a  tli»»phaa* 
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and  ralne  will  best  be  thown  in  the  following  diagmn,  in  wbioh  s  mmj  be 
taken  as  the  middle  ooUeotor-ring,  and  the  maximum  current  to  be  flowiog 

from  X  toward  z.  It  will  be  seen  that  no  current 
is  coming  in  over  the  line  y .  bat  part  of  the  current 
at  K  willnaTebeen Induced  in  branches  b and c. 

Most  three-phase  windings  can  be  connected 
either  in  Y  or  delta ;  but  it  must  be  borne  in  mind 
that  with  the  same  windings  the  delta-connection 
will  stand  1.732  times  as  much  current  as  the  Y- 

eonneotion,  but  gires  only  r-s^  *"  n>^v<^  Toltage. 


FI0.92L  Path  and  Value 
of  Current  in  Delta- 
connected  Armature. 


isitvre  lft««c*loM  of  Ms  Altoimaior. 


Since  the  armature  core  is  a  part  of  the  magnetic 
eirouit,  and  since  the  armature  winding  surrounds 
this  core  and  also  csxries  current,  it  must  be 
expected  that  this  current  influences  the  total  magnetism  of  the  machine 
and  hence  its  Toltage.  This  effect,  combined  with  the  natural  inductance 
of  the  winding,  itself  constitutes  wnat  is  called  armature  reaction.    Fig.  28 


FlO.  23. 

shows  an  alternator  in  its  elements.  The  armature  winding  is  tapped  in 
two  places  and  connected  to  the  collector  rings  d  and  s,  from  wluch  the 
current  flows  to  the  external  circuit.  This  current  passing  through  the 
wlniUng  on  the  armature  creates  a  magneto-motlTe  force,  wnioh  tends  to 
produce  the  flow  of  magnetism  as  shown  by  the  dotted  lines  a— 6— e; 
a' — d' —o',  or  in  a  general  direction,  m—n. 

The  field  current  proper  entering  at  A  and  coming  out  at  B  tends  to  pro- 
duct magnetism  in  the  direction x—y,  at  right  angles  torn— n.  Under 
such  conditions,  therefore,  the  ampere-tums  of  the  armature  are  acting  at 
right  angles  to  the  ampere-turns  of  the  field.  This  is  the  condition  under 
non-inductive  load,  the  maximum  current  of  the  armature  occurring  in 
time  and  space  simultaneously  with  the  maximum  E.M.F. 

If  the  maximum  of  the  current  of  the  armature  occurs  later  than  the 
maximum  of  the  E.M.F.,  or  in  other  words,  if  the  current  lags  behind  the 
B.M.F.,  the  ampere-turns  of  the  armature  are  no  longer  actins  in  a  direc- 
tion m—n  when  the  current  Is  a  maximum,  but  in  a  direction  m'—n'^ 
partially  opposing  the  main  flux  x—y.  If  the  lag  of  current  becomes  90* 
the  armature  reaction  would  turn  still  more  around,  becoming,  in  fact,  Just 
opposite  tox—y. 

Thus,  on  nonAnductire  load,  the  armature  ampere-turns  combine  with  the 
fleld  ampere-turns  at  right  angles,  and  with  increasing  lag  show  a  higher 
and  higher  resultant  until  at  dfP  las  the  two  combine  by  direct  addiflon. 
Just  similar  to  all  this  is  the  self-induction  component  of  the  armature 
Inductance.    As  has  been  pointed  out,  self-induction  lags  in  Its  opposing 


ARMATURE  REACTION. 


415 


elfeets  bahliid  the  oorrent,  thus  on  iioii->iiidaotiT6  load,  the  oppoting  effect 
of  self-indnotion  It  shown  by  Fig.  24. 


;  Fio.  24. 

Let  a  -^e  =  /  =  the  current, 

a— ds:  B  =  the  E.M  J",  generated  by  the  revolntions  of  the  artna- 

tnre,    ' 
a—bsz  the  resiatance  drop  =  Ili  in  phase  always  with  the  current, 
a-^g  :=:IX:=z  the  inductive  drop  90^  away  from  tiie  current. 

The  resaltlaLt  of  these  =  a— s  =  J7o  =  the  total  E.M.F.  necessary  to  pro- 
dace  to  giro  the  Talne  B  under  the  conditions. 
If  the  eurrmt  la^  these  values  are  as  shown  in  Fig.  26»  the  current  lag- 


fodui 


Vm,  25. 

behind  and  B.M.F.  by  the  angle  9.  At  90^  lag  the  E.M.F.  of  self- 
roduction  is  just  in  line  with  Ef  hence  is  added  directly  to  give  the  total 
EJtf  .F.  J?o  necessary  to  generate  to  product  S. 

Thua  a  similarity  exists  between  the  armature  reactive  effect  shown  in 
Fig.  23  and  the  armature  self-inductive  effect  shown  in  Figs.  24  and  25.  On 
thu  accoont  it  has  been  suggested  by  Mr.  G.  P.  Steinmetz  that  the  two 
values  be  combined  into  one  and  the  combined  value  be  given  the  term 
"  synchronous  impedance."  This  value  is  obtained  in  an  actual  alternator 
by  ahort-oircuitlng  the  armature  upon  itself  and  reading  the  ampere-turns 
in  the  field  ooils  necessary  to  give  full  armature  current,  whlcn  Is  then 
etspresMdin  terma  of  ampere-turns.'  Since  on  short-circuit  the  armature 
ampere-turns  are  exactly  opposing  the  field  ampere-turns,  this  reading 
gives  a  direct  measure  of  the  armature  opposing  forces,  but  conveniently 
converted  into  ampere-turns.  To  calculate  from  this  value  the  amount  of 
ampere-tuma  necessary  in  a  given  alternator  to  give  a  certain  voltage,  pro- 
ceed as  follows : 

Let  A  equal  the  ampere-turns  necessary  to  produce,  the  terminal  voltage 
S  of  the  alternator  when  running  on  open  circuit :  let  B  equal  the  syn- 
ehronous  impedance  ampere-turns  obtuned  as  above.  Then  the  total 
ampere-turns  required  to  produce  the  voltage  E  on  non-inductive  load 

=  V^-f-^     If  the  current  is  not  non-inductive  the  two  values  must  be 
eombtned  with  proper  phase  relation,  as  shown  in  Figs.  24  and  25.    The 
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method  has  been  extensirely  used  and  for  ordinary  designs  seems  a  rery 
useful  one  to  follow.  A  designer  can  calculate  this  ralue  to  a  rery  elose 
approximation,-  thus  predetermining  the  regulation.  It  can  he  seen  from 
this  that  a  single-phase  alternator  gives  a  pulsatins;  armature  reaction.  A 
polyphase  armature  ffires  a  constant  armature  reaction  sinee  it  oan  be  shown 
that  at  any  instant  the  magnetic  resultant  of  the  current  is  the  same. 

For  this  reason,  among  others,  a  polyphase  alternator  is  more  efflotent 
than  a  single-phase  machine  since  the  pulsating  armature  reaction  sets  up 
eddy  currents  from  its  rarlable  nature,  which  increases  the  losses. 


•YIVCHROIflZKR*. 

There  are  numerous  methods  of  determining  when  alternators  are  in  step, 
some  acoustic,  but  mostl^jr  using  incandescent  lamps  as  an  indicator. 

In  the  United  States  it  is  most  common  to  so  connect  up  the  synchroniser 
that  the  lamp  stavs  dark  at  synchronism  ;  in  England  it  is  more  usual  to 
hare  the  lamp  at  full  brilliancy  at  synchromism,  and  on  some  aooounts  the 
latter  is,  in  the  writer's  opinion,  the  better  of  the  two,  as,  if  darkness  indi- 
cates synchronism,  the  lamp  breaking  its  filament  might  cause  the  machines 
to  be  tnrown  together  when  clear  out  of  step ;  on  the  other  hand,  it  is  some- 
times difficult  to  determine  the  full  brilliancy. 

The  two  following  cuts  show  theory  and  practice  in  connecting  synchro- 
nisers. 


SN 


iJ 


£ 


n 


Fig.  26.    Synchronizer  Connections. 

W  hen  connected  €u  «Aotffn,  the  lamp 
will  ihow/ull  c.p.  at  spnchronism. 

If  a  and  b  are  reversed  ^  darkness  of 
lamp  will  show  synchronism. 


Fio.  27.    Synchroniser  Connections. 

Lamp  lights  to  full  c.p.  when  dyna- 
mos are  in  synchronism. 


Two  transformers  haying  their  primaries  connected,  one  to  the  loaded 
and  the  other  to  the  idle  dynamo,  hare  their  secondaries  connected  in  series 
through  a  lamp ;  if  in  straight  series  the  lamp  is  dark  at  synchronism ;  if 
the  secondaries  are  cross-connected  the  lamp  lights  in  full  brilliance  at 
synchronism. 


Tke  Umc^Im  •jBcMronlsar  is  so  made  as  to  more  a  hand  around  a 
dial  so  that  the  angle  between  the  hand  and  the  vertical  is  always  the 
phase  angle  between  tbe  two  sources  of  electro-motive  force  to  which  the 
synchroniser  is  connected.  If  the  incoming  alternator  is  running  too  fast 
tne  hand  deflects  in  one  direction,  and  if  too  slow,  in  the  opposite  direction. 
Coincidence  in  phase  occurs  when  the  moving  hand  stands  vertically.  A 
complete  revolution  of  the  hand  Indicates  a  gain  or  loss  of  one  cycle  In  the 
frequency  of  the  incoming  alternator  as  compared  with  bus-bars. 
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Suppoflo  A  ttotioiiary  coil  F,  Fig.  28,  luw  8iiap«nded  within  it  a  coil  Ay  free 
to  more  about  an  axis  in  the  planes  of  both  ooils  and  including  a  diameter 
of  each.  If  an  alternating  current  be  paased  through  both  coils,  A  will 
take  up  a  position  with  ito  plane  parallel  to  F.  If  now  the  currents  in  A 
and  F  be  reversed  with  respect  to  each  other,  coil  A  will  take  up  a  position 
180°  from  its  former  position.  Reversal  of  the  relative  directions  of  currents 
in  A  and  F  is  equivalent  to  changing  their  phase  relations  by  180^,  and 
therefore  this  change  of  180^  in  phase  relations  is  followed  by  a  correspond- 
ing change  of  180°  in  their  mechanical  relations.  Suppose  now,  that  instead 
of  reversing  the  relative  direction  of  currents  in  A  and  F^  the  change  in 
phase  relations  between  them  be  made  gradually  and  without  disturbing 
the  current  strength  in  either  coil.  It  is  evident  that  when  the  phase 
difference  between  A  and  F  reaches  VP  the  force  between  A  and  F  will 
become  reduced  to  zero,  and  a  movable  system,  of  which  A  may  be  made  a 
part,  is  in  condition  to  take  up  any  position  demanded  by  any  other  force. 
Let  a  second  member  of  this  movable  system  consist  of  coil  J3,  which  may 
be  fastened  rlffldly  to  coil  Ay  with  its  plane  00°  from  that  of  coil  At  and  the 
axis  of  A  passing  through  a  diameter  of  B. 
Further,  suppose  a  current  to  circulate 
through  B,  wnose  difference  in  phase  rela- 
tive to  that  in  A^  is  always  90°.  It  is  evident 
under  these  conditions  that  when  the  differ- 
ence in  phase  between  A  and  F  is  90°,  the 
movable  sjrstem  will  take  up  a  position 
such  that  B  is  parallel  to  F,  because  the 
force  between  A  and  F  is  zero,  and  the  force 
between  B  and  i^  is  a  maximum ;  similarly 
when  the  difference  in  phase  between  B 
and  F  is  90°,  A  will  be  parallel  to  F.  That 
is,  beginning  with  a  phase  difference  be- 
tween A  unaF  of  0,  a  phase  chanae  of  90° 
will  be  followed  by  a  mechanical  change 
on  the  movable  system  of  90°,  and  each  suc- 
cessive change  of  90°  in  phase  will  be 
followed  by  a  corresponding  mechanical  Fio.  28.  Lincoln  Synchronizer, 
chanse   of    90°.    For   intermediate  phase 

relations  it  can  be  proved  that  under  certain  conditions  the  position  of 
equilibrium  assumed  by  the  movable  element  will  exactly  represent  the 
phase  relations.  That  is,  with  proper  design,  the  mechanical  angle  between 
the  plane  of  F  and  that  of  A  and  also  between  the  plane  of  F  and  that  of  B 
is  always  equal  to  the  phase  angle  between  the  current  flowing  in  F  and 
those  In  A  and  B  respectively. 

As  commercially  constructed  coil  F  consists  of  a  small  laminated  iron 
fleld-magnet  with  a  winding  whose  terminals  are  connected  with  binding 
posts.  The  coils  A  and  B  are  windings  practicallv  90°  apart  on  a  laminated 
bon  armature  pivoted  between  the  poles  of  tne  magnet.  These  two 
windings  are  joined,  and  a  tap  from  the  Junction  is  brought  out  through  a 
slip-ring  to  one  of  two  other  binding  posts.  The  two  remaining  ends  are 
brought  out  throagh  two  more  slip-rings,  one  of  which  is  connected  to  the 
remuning  binding  post,  through  a  non-inductive  resistance,  and  the  other 
to  the  same  binding  post  torough  an  inductive  resistance.  A  light 
aluminum  hand  attached  to  the  armature  shaft  marks  the  position  assumed 
by  the  armature. 

nrovcTOR  nrpc  ftYif chroscopb. 

From  The  Electric  Journal. 

This  ^rpe  is  especially  applicable  where  voltage  transformers  are  already 
Installed,  for  use  with  other  meters.  As  it  requires  only  about  ten  apparent 
watts  it  may  be  used  on  tiie  same  transformers  with  other  meters.  There 
are  three  stationary  coils,  N^  M  and  C,  Fig.  29,  and  a  moving  svstem  com- 
prising an  iron  armature,  A^  rigidly  attached  to  a  shaft,  8,  smtably  pivoted 
and  mounted  in  bearings.  A  pointer.  B^  is  also  attached  to  the  shaft  8. 
The  moving  system  is  balanced  and  is  not  subjected  to  any  restraining 
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force,  •ueh  as  a  ipriiig  or  graTitr  control.  The  axes  of  the  ooIIb  J^and  M 
are  in  the  same  yertical  plane,  bnt  00  degrees  apart,  while  the  axis  of  C  is  in 
a  horizontal  plane.  The  coils  N  and  M  are  connected  in  **  split  phase  "  relA* 
tion  through  an  inductiTO  resistance  P  and  non-indactlTe  resistance  Q^  and 
these  two  cironlts  are  paralleled  across  the  bns-bar  terminals  8  and  4  of  the 
synchroscope.  Coil  C  is  connected  through  a  non-inductiTe  resistance 
across  the  upper  or  machine  terminals  1  and  2  of  the  synchroscope. 

In  operation,  current  in  the  coil  C  magnetizes  the  iron  core  carried  by 
the  shaft  and  the  two  projections,  marked  J  and  "  Iron  Armature"  in  Fig. 
29.  There  is,  however,  no  tendency  to  rotate  the  shaft.  If  current  be 
passed  through  one  of  the  other  colls,  say  M,  a  magnetic  field  will  be  pro- 
duced parallel  with  its  axis.  This  will  act  on  the  projections  of  the  iron 
armature,  causing  it  to  turn  so  that  the  positive  and  negative  projections 
assume  their  appropriate  position  \^  the  field  of  the  coil  M.    A  reversal  of 


Fbinte^-B      f[ 


D 


Shaft -8 


Iron  Amatan 

J. 


Fto.  29. 


the  direction  of  the  current  in  both  coils  will  obviously  not  affect  the  posi- 
tion of  the  armature :  hence  alternating  current  of  the  same  frequency  and 
phase  in  the  coils  C  and  M  cause' the  same  directional  elfect  upon  the 
armature  as  if  direct  current  were  passed  throush  the  coils.  If  current 
lagging  90  degrees  behind  that  In  the  coils  Jifand  C  be  passed  through  the 
coif  N^  it  wni  cause  no  rotative  eifect  upon  the  armature  because  the 
maximum  value  of  the  field  which  it  product  will  occur  at  the  instant 
when  the  pole  strength  of  the  armature  is  zero.  The  two  currents  in  the 
colls  JIf  and  N  produce  a  shifting  magnetic  field  which  rotates  about  the 
shaft  as  an  axis.  As  all  currents  are  assumed  to  be  of  the  same  frequency, 
the  rate  of  rotation  of  this  field  is  such  that  its  direction  corresponds  with 
that  of  the  armature  projections  at  the  instants  when  the  poles  induced  in 
them  by  the  current  m  the  coil  C  are  at  maximum  value  and  the  field  shifts 
through  180  degrees  in  the  same  interval  as  is  required  for  reversal  of  the 
poles.  This  is  the  essential  feature  of  the  instrument,  namely,  that  the 
armature  projections  take  a  position  in  the  rotating  magnetic  field  which 
eorresponos  to  the  direction  of  the  field  at  the  instant  when  the  projections 
are  magnetized  to  their  maximum  strength  bv  current  in  the  coil  C.  If 
the  frequency  of  the  currents  in  the  coils  whicn  produce  the  shifting  field  is 
less  than  that  in  the  coil  which  magnetizes  the  armature,  then  the  armi^ 
ture  must  turn  in  order  that  it  may  be  parallel  with  the  field  when  its  poles 
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are  at  wi^'Hiwnin  gtrength,  consequently  rotation  of  its  armature  indioates 
a  dlfferenoe  In  freqaeney,  and  the  direction  and  rate  of  rotation  show, 
reepectiyely,  which  onrrent  has  the  higher  frequency  and  the  amount  of 
the  difference. 


Vmt9  OM  tke  P»nillel  Rwualac  of  Altenaatom.  —  There  is 
little  If  any  trouble  In  running  alternators  that  are  driyen  by  water-wheels, 
owing  to  the  uniform  motion  of  rotation.  With  steam-engine  drlren  ma- 
chines it  is  somewhat  different,  owinc  to  more  or  less  pulsation  during  a 
stroke  of  the  engines,  caused  by  periodic  yariations  In  the  cut-off,  which 
cause  oscillations  in  the  relative  motion  of  the  two  or  more  machines, 
accompanied  by  periodic  cross  currents.  Experiments  have  proved  that  a 
sluggish  governor  for  engines  driving  alternators  in  parallel  is  more  desi- 
rable than  one  that  acts  too  quickly ;  and  It  is  sometimes  an  advantage  to 
apply  a  dashpot  to  a  aulck-actlng  governor,  one  that  will  allow  of  adjust- 
ment while  running.  It  is  quite  desirable  also  that  the  governors  of  engines 
designed  to  drive  altemators  In  parallel  shall  be  so  planned  as  to  allow  of 
adjustment  of  speed  while  the  engine  is  running,  so  tnat  engines  as  well  as 
dynamos  may  be  synchronized,  and  load  may  be  transferred  from  one 
machine  to  the  others  in  shutting  down.  Foreign  builders  apply  a  bell  con- 
tact to  the  same  part  of  aH  engines  that  are  to  be  used  In  this  way,  and  throw 
machines  together  when  the  bells  ring  at  the  same  time.  These  bells  would 
also  serve  to  determine  any  variation,  if  not  too  small,  in  the  speM  of  the 
machines,  and  aadst  in  elose  adjustment. 

Manufacturers  do  not  entirely  agree  as  to  the  exact  allowanoe  permissible 


tion  of  engine  speed,  and  construct  their  dynamos  with  relatively  little  syn- 
chronising power. 

Dynamos  of  low  armature  reaction  have  large  synchronizing  power,  but  if 
accidentally  thrown  out  of  step  are  liable  to  neavy  cross-currents.  On  the 
contrary,  machines  with  high  armature  reaction  have  relatively  little  syn- 
chroniang  power,  and  are  less  liable  to  trouble  if  accidentally  thrown  out 
of  step. 

The  smaller  the  number  of  poles  the  greater  may  be  the  angular  variation 
between  two  machines  without  causing  trouble,  thus  low  frequencies  are 
more  favorable  to  parallel  operation  than  high ;  and  this  is  especially  so 
where  the  dynamos  are  used  to  deliver  current  to  synchronous  motors  or 
rotary  converters. 

Speeiilcations  for  engines  should  read  in  such  a  manner  as  to  require  not 
more  than  a  certain  stated  angular  variation  of  speed  during  any  stroke  of 
the  machine,  and  this  variation  is  usually  stated  In  degrees  departure  from 
a  mean  speed. 

The  Qeneral  Electric  Company  states  it  as  follows :  — 

"  We  have  .  .  .  fixed  upon  two  and  one-half  degrees  of  phase  departure 
from  a  mean  as  the  limit  allowable  in  ordinary  cases.  It  will,  in  certain 
cases,  be  possible  to  operate  satisfactorily  in  parallel,  or  to  run  synchronous 
apparatus  from  machines  whose  angular  variation  exceeds  this  amount, 
and  in  other  cases  it  will  be  easy  and  desirable  to  obtain  a  better  speed  con- 
trol. The  two  and  one-half  degree  limit  is  intended  to  imply  that  the  max- 
imum departure  from  the  mean  position  during  any  revolution  shall  not 

exceed  ~:  of  an  angle  corresponding  to  two  poles  of  a  machine.    The  angle 

900 
of  clrcumferenee  which  corresponds  to  the  two  and  one-half  degrees  of 
phase  variation  can  be  ascertained  by  dividing  two  and  one-half  bv  one-half 
the  number  of  poles ;  thus,  in  a  twenty-pole  machine,  the  allowable  angular 

variation  from  the  mean  would  be  ^  =  .26  of  one  degree." 

Some  foreign  builders  of  engines  state  the  conditions  as  follows :  Galling  N 
the  number  of  revolutions  per  minute,  the  weight  of  all  the  rotary  parts  of 
the  engine  should  be  such  tnat  under  normal  load  the  variation  In  speed  dur- 
ing one  revolution  ^^•  —  ^^^-  ^m  not  exceed  ^ -    Some  sUte  ^L • 

A  average  Jon  mu 

Oudin  says :  "  The  regulation  of  an  engine  can  be  expressed  as  a  percent- 
age of  variation  from  that  of  an  absolutely  uniform  rotative  speed.  A  dose 
solution  of  the  general  problem  shows  that  1^^  of  phase  displacement  cor- 
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responds  to  a  speed  yarlatlon,  or'*  palsatlon/'  with  an  alternator  of  two  n 
poles,  as  follows :  — 

In  the  case  of  a  single  cylinder  or  tandem  compound  engine    ' 


A  cross  compound 


n 
6.5% 
n 


A  working  out  of  the  problem  also  shows  .  .  .  that  no  better  results  aro 
obtained  from  a  three-crank  engine  than  a  two-crank. 

The  Westinffhouse  Company  designs  Its  machines  with  larger  synohro- 
nizing  effect  by  special  construction  between  poles,  and  allows  somewhat 
larger  angular  rariation,  stating  it  as  follows:  The  variation  of  the  fly- 
wheel through  the  revolution  at  anv  load  not  exceeding  25%  overload,  shall 
not  exceed  one-sixtieth  of  the  pitch  angle  between  two  consecutive  poles 
from  the  position  it  would  have  if  the  motion  were  absolutely  uniform  at 
the  same  mean  velocity.  Tlie  maximum  allowable  rariatlon,  which  is  the 
amount  which  the  armature  forges  ahead  plus  the  amount  which  it  lags 
behind  the  position  of  absolute  uniform  motion  is  therefore  one-thirtieth  of 
the  pitch  angle  between  two  poles. 

The  number  of  degrees  of  the  circumferenee  equal  to  one-thirtieth  of  ti&e 
pitch  angle  is  the  quotient  of  12  divided  by  the  number  of  poles. 

The  cross  currents  of  alternators  can  be  shown  by  reference  to  Fig.  90, 


Fio.  80. 


6    6 


which  represents  the  E.M.F.  vectors  of  two  alternators  which  hmTs  swung 
apart  in  phase  due  to  any  cause,  such  as  variation  in  speed  of  their  prime 

movers  or  fluctuations  of  speed  during  a  revolu- 
I  tion. 

>  I  b  Let  0—A  =  E.M.F.  vector  of  alternator  A, 

0—B  =  E.M.F.  vector  of  alternator  B. 

As  drawn,  the  vectors  are  displaced  in  phase  by 
the  auffle  e.  When  these  alternators  are  con- 
nected In  multiple  there  will  be  acting  between 
them  the  E.M.F.  A  —  B,  or  drawn  to  the  center 
point  O,  the  E.M.F.  O  ^  D.  This  E.M.F.  acts 
through  the  two  armatures  In  series,  the  circuit 
being  a—b  —  c  —  df  (Fig.  31);  the  current  result- 
ing is  equal  to  the  volts  O—  D  divided  by  the  im- 
pedance of  the  two  armatures  in  series,  whioh  Is 
equal  to 

where  B*  and  Bk  =  the  resistance  of  the  two  al- 
ternator armatures  respectively  and  Lm  and  X« 
their  inductances. 

Since  in  such  a  circuit  the  proportion  of  inductance  is  greater  than  th^ 
resistance,  the  current  flowing  from  the  E.M.F.  O  —  D  is  kigging  a  large 
amount  as  shown  by  the  line  O—  C.    Hence  the  EJif  .F.'s  O^A  and  0~^B 


Fio.  31.    Two  Alterna- 
tors Connected  in 
Multiple. 
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of  the  altenuiton  proper  are  In  phase  approximately  with  this  oroes  current 
and  henoe  under  each  conditions  as  the  flgare  indicates  there  will  he  an  ex- 
ohanee  of  energy  (since  E.M.F.  and  current  are  in  phase)  which  is  what 
aetoaily  happens,  thns  tending  to  hring  the  two  alternators  together  in 
phase. 
Fig.  32  shows  the  vectors  of  two  altematon  A  and  B  in  phase  hut  the 


1 


».B 


FlO.  82. 

E.M.F.  O  —  A  smaller  than  the  other,  O  —  B,  due,  for  instance,  to  the  field 
of  one  heing  weaker  than  that  of  the  other.  In  this  case  there  is  a  difference 
of  O  —  D  Tolts  to  act  through  the  armatures  of  the  two  alternators  in 
series,  as  in  Fig.  31.  As  shown  in  Fig.  32  the  current  from  this  E.M.F. 
O-'D  lags  90<3  and  is  indicated  by  the  vector  O—  C.  This  current  is,  how- 
ever, 9fP  away  from  the  £.M.F.'b  O  —  A  and  O  —  B  ot  the  machine  proper 
and  hence  does  not  represent  an  exchange  of  energy ;  therefore,  it  nas  no 
tendency  to  bring  the  machines  together  or  increasing  the  dephaeing. 

Sjnclirontxiair* 

It  is  plain  from  the  foregoing  that  to  connect  an  Idle  alternator  in 
parallel  with  one  or  more  already  in  use : 

Excite  the  fields  of  the  idle  machine  until  at  full  speed  the  indicator 
shows  bus-bar  pressure,  or  the  pressure  that  may  have  been  determined 
on  as  the  best  for  connecting  the  particular  design  of  alternator  in  circuit. 

Connect  in  the  svnchronizer  to  show  when  the  machines  are  In  step,  at 
whiidi  point  the  idle  machine  may  be  connected  to  the  bus  bars.  The  load 
will  now  be  unequally  divided,  and  must  be  equalized  by  inoreaslns  the  driv- 
in|^power  of  the  idle  dynamo  until  It  takes  on  its  proper  part  of  tne  load. 

y erv  little  control  over  the  load  can  be  had  from  the  field  rheostats. 

To  disconnect  an  alternator  from  the  bus-bars :  Decrease  its  driving  poww 
flowly  until  the  other  machines  have  taken  all  the  load  from  it,  when  its 
uain  switch  may  be  opened  and  the  dynamo  stopped  and  laid  off. 

AX.TSliirAnif«.C1J]|RB]!rV  MOTOliA. 

The  singl»*phase  alternating-current  motor  has  been  quite  well  developed 
luring  the  last  few  years,  but  it  has  as  yet  come  into  rather  limited  use. 
rhe  polyphase  motor  has  oome  Into  very  general  use,  its  relative  simplicity 
oelnc  a  strong  feature. 

Only  the  most  elementary  formulso  will  be  given  here,  and  the  reader  is 
refemd  to  the  numerous  Ixx^s  treating  on  the  subject;  among  others, 
8.  P.  Thompson,  Steinmets,  Jaoloon,  Kapp  and  Oudin. 

Following  is  a  statement  of  the  theory  of  the  polyphase  motor,  condensed 
from  a  pamphlet  of  the  Westiughouse  Electric  and  Manufacturing  Com- 
pany. 
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M««i>«tary  Tbeor^  of  (fee  Pol7|>ha*a  ImlBCtlOB  9iot*r. 

Uk  hor*a-»ha«  nwcnet  ■>•  bald  om  ■  <»mp>H  tha  needla  wlllt4ke  «  poat- 
Uon  pukllal  to  tha^inea  of  (oroe  vtalgh  flow  from  one  pola  to  the  oth*r. 
It  la  pertsotlj  obriona  that  It  the  magDel  ba  routed  tha  needle  will  EoLlow. 

U  ■  tour-pole  eleatromagnet  be  ■uhttUnled  for  the  bDne^boe,  and  eurretit 
ba  nude  to  flow  abont  either  one  of  th*  Hia  ot  polea  Hparatelj,  the  □••dl* 

will  take  lupoeltlon  parallel  wltb  the  llnaa  of  forae  that  m  

will  be  lean  b;  ths  foUowinc  Of 


UChi 


._, n  the  needle  ._ 

tw»n  the  two  mU  of  polea,  aa  will 
It  la  now  eaailj  eoncelvabla  "■ 
atrongar  while  thaother  la  at  the  ■uud  uuid 
becomlDf  weaker,  tha  needle  will  be  at- 
tracted toward  tha  former  astll  It  reachea 
lie  ■naitmiun  raloe,  wben  U  the  oorreDta 
are  altenullng,  the  atroluF  current  having 
reached  Ita  maxlniDra  bwlna  to  weaken, 
and  the  other  current  having  not  only  re- 
Teraed  Ita  direction  bnt  begnn  to  grow 
■trong,  attracta  the  needle  away  tioia  the 
flratcorrent  and  In  (he  aarae  direction  of 
roUtioD.  If  (hii  proeeai  be  coDdnoallr 
repeated,  the  needle  will  oontlnne  to  re- 
TolTC,  and  Ita  direction  ot  roUtlon  will  be 
determined  br  the  pluue  relation 
■ idthedli  —  - -'- 


ttdie  Ita  padHon  dlagonallT,  haU  waT'he- 

-111  be  eeen  by  the  tollowlDE  dlwrani. 
that  If  one  o(   tbeaa    ™ran^- 


A  bj 


if  rotation 


thel( 


If  tba  oompau  needle  be  reptaoed  by  ai 

■eoondarr  oorrenta   will  be     Indnegd   li 

lh«a  wlndlngi,  whlcb  wll!  react  on   th.  .  _. 

beprodnoed  in  the  oore  )n«t  aa  It  vaa  In  tba  compaaa  ueed1e>    Two , 

at  right  aoglaa  on  an  engine  ibatt  are  analogona  with  the  quarler-iduM 
motor,  and  three  to  the  Ibree-phaae  motor,  wbleh  defwodfl  on  tba  lame 
pilnolpla  for  ita  wotUng. 


'Indlngi,  and  rotation  wiU 


Dondenged  from 
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rss  itBtfonftry  part,  nearly  always  oorrMponding  to  thafleld. 
SMar  ss  rotating  part,  ooxTMpondlng  to  tho  armature  of  the  dlrMt-oumnt 
motot. 


Let  r  s;  reditanoe  per  elrenit  otpHmcny, 

Ti  =  reiiitanoo  per  oiroult  oxtaootKKMy, 

being  redneed  to  primary  tystem  by  square  of  the  ratio  of  tnma. 

Let  p  =  number  of  poles, 

X  =  reaotanoe  of  primary,  per  eircuit. 
Xx^  reaotanoe  of  secondary,  per  clronlt, 


rednoed  to  primary  system  by  square  of  the  ratio  of  tnms. 

Iisl  $  s=  per  cent  of  slip, 

/  =  onrrent  per  oiro 
B  =z  applied  B.M.F.  per  cifcoit, 


/  =  onrrent  per  oircoit  of  primarp, 

B  zs.  applied  B.M.F.  per  circuit, 

Z:=.  impedance  of  whole  motor  per  oircnit, 


T=  torqne  between  the  atator  and  rotor, 
f  ^  freqasney  of  aiqi>lied  S.M.F. 

Lst  the  primary  and  secondary  consist  of  m  drealts  on  an  m  phase  systeaik 

n  =:  primary  tarns  per  dronit, 
«,=  secondary  turns  per  oircmt. 

Let  a  ss  —  ratio  of  transformation. 


Starting  onrrent  =  «  =;  •«  t  J 

Starting  torque  r=  ^^  x  ^,.  ^ 

Koto  that  the  maximum  torqne  is  independent  of  tooondary  rttiBta/nee  r^. 
and  thus  the  speed  at  maximum  torque  depends  on  the  Beeonaary  reaUtcmoe. 
Current  at  maximum  torque  is  also  independent  of  secondary  resiiicmce. 

The  maximum  t<nrque  occurs  at  a  lower  speed  than  the  maximom  output. 
▲  resistance  can  be  chosen  that  when  inserted  in  the  secondary,  the  maximum 
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torqae  win  be  oMatned  ml  itartliiff ;  that  fa,  th«  tpetd  aft  vUeh 
lorqna  oeonn  can  be  rcgnUited  by  the  reriitonce  In  ttaa  rotor. 


9&  tVNCHROMtM 

Vtob  36.   Torque  onrrei  for  Polyphase  Indnoiton  Motor. 

Onrres  1«  %  and  8  show  the  effect  of  snoooiaiTe  increaaea  of  rotor  reebt- 
anoe,  rotor  nm  on  part  of  oonre  a^-b ;  lev  h«are  a  deorease  of  qwod  doe  to 
load  inoreaaes  the  torqae. 

•pe«d  of  MadactioB  Motor.  ~  The  speed  or  rotating  Telocity  of 
the  magnetic  field  of  an  induction  motor  aependa  npon  m&  frequency 
(cycles  per  second)  of  the  alternating  onrrent  in  the  field,  and  the  nnmber 
of  poles  in  the  field  frame,  and  may  be  expressed  as  f611owB  :— 

r.p.m.  ss  rerolvtions  per  minnto  of  the  iniignetlfl  field* 
p  =  number  of  poles, 
/s  frequency  s  then 

r.p.m.  ss  120  - 
P 

The  actual  revolutions  of  the  rotor  will  be  less  than  shown  by  the  formula, 
owing  to  the  ilip  which  la  expressed  In  a  peroenti^  of  the  actual  reTolu> 
tions ;  therefore  the  actual  rerolutions  at  any  portion  of  the  load  on  a 
motor  will  be 

r.p.m.  X  «Hp  dao  to  the  part  of  the  load  actually  in  useu 
actual  speed  =  r.p.m.  (1  —  %  of  slip.) 

The  following  table  by  Wiener,  in  the  American  SUeMckm,  shows  the 
speeds  due  to  duf ereut  numbers  of  poles  at  Tarious  frequencies. 


•f  Kotsirj  Clold  for  IMCoroBt  If aaibors  of  Pol< 


SUl 

id  for  Varlova  Wr^qmmm 

LCloe. 

•s 

Speed  of  BerolYing  Magnetism,  in  BeTolutlons  per  Minute,  when 

^1 

Frequency  is  t 

IS 

25 
1600 

80 

m 

40 

60 

60 

66| 

80 

100 

120 

125 

1381 

2 

1870 

2000 

2400 

8000 

8600 

4000 

4800 

6000 

7900 

7600 

8000 

4 

760 

900 

1000 

1200 

1600 

1800 

9000 

9400 

3000 

8600 

8760 

4000 

€ 

600 

800 

667 

800 

1000 

1200 

1333 

1600 

2000 

9400 

2600 

2667 

8 

375 

460 

600 

600 

760 

900 

1000 

1200 

1600 

1800 

1875 

2000 

10 

300 

360 

400 

480 

800 

720 

800 

960 

1200 

1440 

1600 

1600 

12 

260 

300 

833 

400 

600 

600 

687 

800 

1000 

1200 

1260 

1888 

14 

214 

257 

286 

843 

428 

514 

571 

686 

857 

1029 

1071 

1148 

16 

188 

225 

260 

300 

376 

460 

600 

600 

760 

900 

838 

1000 

18 

187 

200 

222 

267 

833 

400 

444 

633 

667 

800 

888 

888 

20 

160 

180 

200 

240 

800 

860 

400 

480 

600 

720 

TBO 

800 

82 

188 
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182 

217 

278 

827 

864 

486 

646 

666 

689 

790 

M 

125 

160 

167 

900 

250 

800 

883 

400 

600 

600 

895 

867 

THE   INDUCTION    MOTOR. 


n^  —  Tba  aUp,  or 
•nd  nter,  to  dn«  to  the  . ._ 

Blip  f  Ul«  from  1  per  a 


B  between  totMlaBllald 


.., -  «■— -*^  d«lgiied  forTflry  aloAs  refful^tioD 

0  par  sent  Is  one  bwUy  itcalsaed,  or  deslsned  for  lome  (peoUl  pnrpoae. 
'tfoar  glTaa  tlie  followliig  tebis  ■•  embo^iotf  the  niiul  TmiiUIoiu  i 


Cvci^DiHotDr.HJ. 

Blip,  ktfnU  load,  per  oent. 

VandUmtti. 
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1' 

kod  the  amulore  core,  o 

miieh  the  wine  murner  > 

The  winding!  In  "   '" 


gaaoB  both  narti  k 
of  the  winding*.   1 


Both  the  fletd-frame  oore,  or  Stator, 
'lUted  Iron  pnnoMngfl  Id 
ordinary  dynaniM. 
the  face  of  either  part, 


( 


ui^iioti  m 


FiM.  3Taiid  86.    Vom 


)■  a(  iDdoetion  Hotorg. 


The  number  of  dote  b)  thettaeor  mniitbe  amnltlple  of  the  i 
am)  nnmbw  of  phniw,  atid  Welner  glrei  the  foUowliig  table, 
aan  BleetrlctaiiT'  aa  showing  the  proper  number  to  be  ni ed  i 
both  tor  two-  and  three-phaae  miwblneB.   In  prsctlne 

Udotemlnedb*theapeedniqnlr-^— '  "- "-"■ 

number  of  alnte  u  n  deilgned  as  I 
paftpheiy  of  the  itator* 
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V«Mto«r  of  M««i  im  VIeM-Vi 


•f 


Oftpceitj  of  Motor. 

Number  of 
PolM. 

Biota  p«r 
Polei 

Slots  p«r  Pole  per  Fliase. 

Two-PliMe. 

Three>PhaM. 

iH.P.tolHJ'. 

4to« 

8 

4 

? 

1 

|H.P.tolU.P. 

4to6 

5 
6 

? 

"s 

2Hf.to6H.P. 

4  to  10 

6 

6 

? 

"s 

4to6 

T 
8 
9 

"i 

6H.P.to60H.P. 

9 

etoia 

T 
8 

• 

1 

4to8 

U 
IS 

6 

"4 

10  to  so 

7 
8 
9 

4 

"i 

B0HJP.to900H.P. 

8tol2 

10 
11 
18 
13 

s 

61 

"4 

etoio 

14 
16 
16 

7 

? 

6 

The  number  of  slots  per  pole  per  phase  in  the  rotor  mutt  be  prime  to  tiiat 
of  the  itator  in  order  to  aToid  dead  points  in  starting,  and  to  insure  smooth 
runnlngf  and  commonly  range  from  7  to  9  times  uie  number  of  poles,  or 
any  Integer  not  divisible  by  tne  number  of  poles,  in  the  sauirrel  cage  or 
single  conductor  per  slot  windhigfi.  The  proper  number  of  slots  may  be 
taken  from  the  following  table  by  Wiener : 
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»f  JBotor  Mots  for  INiiilrrol«Caf« 
op  to  ft  H.P.  Gopoclt7« 


ictloM  Moton 


Number 

of 
Poles,  p. 

Limito  of  Slots, 

Ktimber 

7  p.  to  9  p. 

Number  of  Rotor  Slots. 

4 
6 
8 

28  to  38 
42  "  M 
68  "  72 

28,  30,  31,  33,  34,  36,  37. 

48, 44, 46,  48, 47,  48, 60,  61, 62,  63. 

67,68,68,80,81,82,63,86,86,87,  88,  88,  70,71. 

In  larae  machines,  where  there  is  more  thnn  one  conductor  in  each  slot 
and  in  wnich  the  winding  is  connected  in  parallel,  the  number  of  slots  in 
the  ToUrr  most  he  a  multiple  of  both  the  number  of  phases  and  the  number 
of  pairs  of  poles. 

The  following  table  gires  numbers  of  slots  for  rarlous  field-slots  : 


If  ooibor  of  ItotoiMilota 


for  Mndoctloi 
over  ft  H.P. 


Moton  of  Gspaoltloa 


Number  of 

Field-Slots  per 

Pole. 


Number  of  Rotor-Slots,    (ua  =  number  of 
Field-Slots.) 


8 
9 
10 
12 
14 
16 
16 


Xl«x  Doaaltj.  — This  must  be  settled  for  each  particular  case,  as  it 
will  be  governed  much  by  the  quality  of  iron  and  the  particular  design  of 
the  motor. 

Hysteresis  loss  increases  as  the  1.8  power  of  the  flux  density ;  and  eddy 
current  losses  are  proportional  to  the  square  of  the  density  and  also  to  the 
•ooare  of  the  frequency. 

The  following  table  snows  practical  values  : 


Flox-]»«aaltl4 


I  for  1 

(Wiener.) 


docttoM  Moton. 


Flux-Density,  in  Lines  of  Force  per  Square  Inoh. 

Capacity 

of 

Motor, 

H.P. 

For  Frequencies 
from  26  to  40. 

For  Frequencies 
from  80  to  100. 

For  Frequencies 
from  120  to  180. 

Practical 
Values. 

Aver- 
age. 

Practical 
Values. 

Aver- 
age. 

Practical 
y^ues. 

Aver- 
Age. 

} 

12000  to  18000 
16000"    26000 
18000"    820001 

16000 
20000 

28000 

10000  to  16000 
12000  "   18000 
16000  "  26000 

12600 
15000 
2D000 

7000  to  11000 
7600  "   12600 
8000  "  17000 

9000 
10000 

12600 

ALTERNATtNO-CtTRRENT   MACHINES 
X.DcmKIcb  tor  MmtmlMwm  Mate 


Fiui-Dsnaltj,  In  LLnea  ol  Foioe  per  Sqiura  iDdl. 

CmpMity 

For  FraqusDfllw 

Aw 

»g"- 

W- 

V»lii«. 

««•. 

,. 

30000 

2SO0O 

iBOn 

am 

90000  ■■  110000 

iww* 

60000  '■  BOOOO 

30OOO  "  MWOO 

tOODO 

WlDdlDS 

be  in  oollg 
on  the  Ktator,  the  three 
end!  beioe  curled  to 
(ernilDftl  Slock,  on  the 
outBlde  of  the  msahlnn 
iDfltead  of  to  linn  «j 
•hown.uid  the  "  aqulrTel 

elMed  on  the  rvlor  and 
e  mmdg  of  bars  u  meo- 
tloned. 

■latlBr    DcTlcfte.  —  Smi 

citT,  ATS  atuted  by  eloiliis  tl 
chfnee  thli  would  not  be  itU 


T&aiformer,  mnd 
h  the  Oensnl 


^mpmnT.  A  let  of  »tron(rly  eonalrncted  reitotuioea  li  eeo 
rotor  ring,  and  lo  ursngBd  with  ■  laTor  Ibet  thei  may  be  ol 
realted  iftei  the  motor  hw  leaohsd  It*  foil  (p«ed.    ThiM  n 
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Ane«0  are  in  the  armature  cirouito.  In  order  to  give  maxtirmm  starting  torque 
total  armature  reiiatanoe  should  be 

¥rhere        r^  =  rotor  resistance  per  circuit  reduced  to  field  system. 
X|  =  rotor  reactance  per  circuit  reduced  to  field  system, 
r  =  resistance  per  field  circuit. 
y  =  reactance  per  field  circuit. 

This  method  serres  the  double  purpose  of  keeping  down  the  starting  cur* 
rent  and  increasing  the  starting  torque. 

lt«iiletiusc«e  te  Btmtmr,  —  fiesistance  boxes  may  be  connected  in  the 
circuits  supplying  induction  motors :  three  separate  resistances  in  three- 
phase  circuits,  and  two  separate  resistances  in  two-phase  circuits.  They 
must  be  all  conneoted  in  such  a  manner  as  to  be  operated  in  unison.  Under 
these  conditions  the  pressure  at  the  field  terminals  is  reduced,  as  is  of  course 
the  starting  current  and  the  starting  torque.  In  order  to  start  a  heavy  load, 
under  this  arrangement,  a  heayy  starting-eurrent  is  necessary. 

CoHiMHMit«n  or  Aato-TrsiBefonncre.— This  method  is  greatly 
faTored  Dv  the  Weetlnghottse  Electric  Manufacturing  Ck>mpany,  and  is  used 
extensiTely  by  the  General  Electric  Company.  It  consists  of  ooDnectingan 
impedance  coil  across  the  line  terminals,  the  motor  being  fed,  in  starting, 
from  some  point  on  the  winding  where  the  pressure  is  considerably  less 
than  line  pressure.  This  avoids  heavy  drafts  of  current  from  the  line,  thus 
not  disturbii^  other  appliances  attached  thereto,  but  as  regards  starting 
current  and  torque  has  the  same  effect  as  resistances  directly  in  the  line ; 
thM  is,  greatly  reduces  both. 

Botor  WlAdiBM  Gommntiatfid.  — In  this  arrangement  all  or  a 
part  of  the  rotor  windings  are  designed  to  be  connected  in  series  when 
starting,  and  are  thrown  In  parallel  after  standard  speed  is  attained. 
Another  design  has  part  of  the  conductors  arranged  in  opposition  to  the 
remainder  in  starting,  but  all  are  thrown  in  parallel  in  regular  order  when 
mnnlng  at  standara  speed.  These  commutated  arrangements  have  not 
been  much  used  in  the  united  States. 

The  single-phase  alternating-current  motor  brought  out  by  the  Wagner 
Eleetrlo  Manufaetnrlng  Company  of  St.  Louis,  is,  in  mechanical  construc- 
tion, similar  in  many  respects  to  the  two  and 
three-phase  motors  on  the  market.  A  field  is 
built  up  of  iron  plates  very  much  like  A  of  Fig. 
40,  and  an  armature  core  is  also  built  up  from 
iron  plates  very  much  like  B. 

The  field  is  wound  with  so-called  pan-cake  coils 
threading  through  the  slots  of  the  punchlngs,  as 
shown  at  C,  thus  producing  a  magnetic  pole  of 
intensity,  varying  from  a  maximum  along  the 
radius  X  —  yto  zero  along  the  radius  x  —  z.  The 
armature  core  is  wound  with  an  ordinary  direct- 
current  progressive  winding,  connected  up  to  a 
commutator  in  exactly  the  same  fashion  as  is  the 
direct-current  motor  winding. 
PiQ.  40.  The  commutator  of  this  armature  is  so  designed 

that  it  may  be  completely  short-circuited  by  intro- 
ducing into  it^  short-circuiting  circle  of  copper 
segments.  When  so  short-circuited,  the  winding  affords  a  substitute  for  the 
squirrel-cage  form  of  winding,  above  described,  differing  from  the  squirrel 
eage,  in  that  instead  of  currents  being  able  to  select  paths  for  themselves, 
they  are  reetricted  to  fiowing  in  paths  afforded  by  the  individual  coils.  The 
operation  of  this  motor,  as  stated,  is  based  wholly  upon  the  principle  that 
an  induction  motor  with  a  completely  short-circuited  armature  will,  when 

a>  to  the  running  speed,  operate  on  single-phase  current  supply  in  exactly 
e  same  manner  as  does  a  two  or  three-phase  motor  with  two  or  three- 
phase  current  supply. 

The  armature  winding  is  short-circuited  through  carbon  brushes  bearing 
npon  the  commutator  surface,  and  the  currents  nowing  in  it  are  generated 
by  induction  from  the  field.  These  currents  fiow  out  through  the  carbon 
rushes  either  into  an  outside  resistance  box,  or  where  a  direct  short  cir- 


ALTERNATINO-CUHREHT  UACHINEB. 


kj  the  ihlftlni  ot  ths  I 


The  thart-elrcultlni  ring  1*  made 
Ming  In  turn  moiuilea  npon  m  ihorW 
iglv  opening  In  Che  oommoUlor  and 


neiic  poiee  oi  uie  neiOi  loet  n 

ot  (he  Deld*  le  effected,  and  r 

attained,  the  bruthe*  are  oo  longer  required 
eODipIelelT  ehDrl-alronlled,  aa  eUled.  The  »l 
np  of  aniall  oopper  llnkt,  irhloh  llDkJ,  being  In 
ofreDltlng  band,  are  thrown  Into  theannnlar  opening  In  I 

bj  making flloea  aonta«t  viththelndlTldaal  M«ment>,  p ...^ 

tire  ahott-olniDUlng  of  the  entire  armature  wlndiog.  In  the  oparatloo  ot 
the  motor.  It  la  Tery  adTantageona  to  bsTg  thli  ahort-cEniallliig  operation 
parformedeltherat  orallBbtiybelov  the  runDlDg  speed,  lo  Ihew  motonare 
bollt  irltta  an  anComado  daTiee  tor  perfonnlng  thia  oparatlDD.  Thla  deiioe 
aoBBlata  of  a  aet  of  goremor  wel^hti  asUng  ag^nat  a  iplral  iprlng.  The 
oenliUngal  agUon  of  the  velght  will,  at  lb*  propar  (peed,  lore*  the  ihott' 


FlO.  II.    Croat  Section  of  Wagner  Motor. 


gram,  Pig.  43,ahowt  the  elementary . 

diagruDmatIo  motor  being  ■boirn  a*  In  the  itai 
diagram  at  the  right  ahowlng  the  eondllloD  ot  tl 
attained  fall  roiuitiig  speed  and  the  commutator  la 

•TMCimoiroiTi  noTOMS. 

Altemalon  are  con*enlble  Into  moton ;  and  one  alternator  will  ran  In 
arncbronltm  with  another  almlUr  maohlne  after  it  li  bronghl  to  th*  awne 
(peed,  or,  if  of  unlike  nombar  ot  polei,  to  >ome  loulUplo  of  tbe  apaed  of  the 
dilTan  dynamo,  proTlded  Ihe  numbor  ot  pRlrt  ot  poles  on  the  motor  ii 
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ing-Iorqae,  bot  ivncli 
>  lyuobl-onlini  wJitioii 


dlTi>lbl«  into  tba  multliile.    Snob  moton  «i11  ran  ta  ft  seared  to 
dTDtimo  eten  up  to  two  or  throe  time*  lU  norra&I  [ulT  lorque  < 
BiDfflfr^dui*  I jnchronooa  moton  beve  no  itHrtlng-lorqae 
motora  for  molttftiue  ctmilt*  irlll  coma  up  to  lyuobron 
knd,  glTln|  abaat  3D  %  itkitlng-torque,  itartlng  u  Indiici 
the  a.  e.  fleid  open. 

When  Gonnaotsd  to  llnea  on  vliloli  ere  connected  indue »_<..  ^_. 

trad  to  oanu  luglng  entrente  and  low-power  factor  ot  t1ielliie,oTereidM- 
tlon  of  the  nnchniDoufl  motor  flelda  acta  In  the  same  manner  ai  a  oondenaer 
iBtrodoeed  Id  the  Iloe.  aod  tendj  to  r»tors  the  corrent  Co  phaie  with  the 
h^neued  E^U.Fn  and  tborefore  to  do  ttmj  vltb  lodacllTe  dlatnrbanaM. 

It  la  neoeHaiT  to  provide  BOme  eoarce  from  irhlcli  may  ba  obtained  cod' 
tlnnona  enrrent  for  exciting  thefleldaof  the  fljncbrnnDoa  motor ;  and  thli  U 
ottaueat  done  bjr  the  use  of  a  amall  d,  c.  dynamo  belted  from  the  molor- 
■Iwft.  th*  aioltliiB  ouirent  not  being  pnt  Into  nae  until  the  motor  armatare 
IMOha  niMhroDlam. 

In  ItarHng  a  ■ynohrononi  motor  the  field  i>  open -clrcnl ted,  and  current  It 
tamed  on  tl>«  annatdre.  Id  practice,  Held  cull«  ere  ronoectedln  Tarlotia  wsya 
to  obriata  the  dangan  of  Induced  roltage,  and  h  loir  reslatiuice  coll  elmllar 
tstheaarlMwliidl^ortbed.e.  machine  la  MmeMmea  bo  arruigedon  the  field 
polw  a*  to  glTe  the  neoeeaary  reacClcio  for  gtarllnfi.    Another  way  is  to  ma 

-' "— *  --— ■—  <-T  tiirnn  on  the  Held  eolla;  alK 

lUrtlng.    The  field  excitation  li 

„ ,., M  ■ynchronliin,  wblfh  maybe 

tsdloatad  by  a  lamp  or  other  anlCable  devise  at  the  operating  awltchboard. 

Conalderabla  eat*  mut  be  exerctied  in  theiue  o(ByDehn>DouimuCon,aDd 
Oalr  bfat  oondltliHi  to  vbore  the  load  li  quite  steady,  otherirlaa  they  Intro- 
doa*  iadnotlTa  effeoti  on  the  line  that  are  qnlt*  troabIe*ame.  The  Held  ot 
nwb  a  motor  oaD  ba  adjnated  for  a  partlaalar  load,  to  (hare  will  ba  neither 
Uadlns  nor  laorfnc  onrrent,  bat  unity  power  fa  - 
thastEopowwIacHvatooahangat,  ontll  the  fie 


» lotr-pTMiiire  axeltathm. . 

tbe  Held  coUa  are  "iplitnp"  byaavltch  al 
■■ n  after  tba  rotating  part  appror  - 
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haa  been  lessened  the  eorrent  will  lead,  and  if  it  Increases  the  current  will 
lag.  If  induction  motors  are  connected  to  the  same  line,  with  a  synchro- 
nous motor  that  has  a  steady  load,  then  the  field  of  the  synchronous  motor 
can  be  over-excited  to  produce  a  leading  current,  which  will  conteract  the 
effect  of  the  lagging  currents  induced  by  the  induction  motors.  If  two  or  more 
synchronous  motors  are  connected  to  the  same  circuit,  and  the  load  on  one 
of  them  is  quite  yariable.  and  Its  field  is  not  changed  to  meet  such  chanfldng 
conditions,  a  pumping  effect  is  liable  to  take  placeln  the  other  motors,  unless 
especial  proTision  nas  been  made  in  the  design  of  the  motors  to  prevent  it.  It 
is  only  necessary  to  arrange  one  of  the  motors  of  the  number  for  preventing 
this  trouble,  but  better  to  make  all  alike.  A  copper  shield  between  pole- 
pieces,  and  coveriivK  a  portion  of  the  pole-tip,  will  prevent  the  trouble ;  and 
the  Westinghouse  Slectric  and  Manufacturing  Company  usee  heavy  copper 
strap  around  each  pole-pieoe,  with  a  shoe  covering  part  of  the  pole-tip  in 
the  air-gap. 


Let  B  =  resistance  of  whole  circuit, 
•Z  =  inductance  of  whole  elrcult, 
X,  =  generator  E  JC.F., 
Mi  s=  motor  B.M.F. 


*^C«  resultant 


FiQ.  48. 
Take  the  origin  at  0. 

Let  JS  represent  maTJmum  value, 

e  =  Instantaneous  value, 

e,  =  JE,  sin  (m  <  —  ^), 
where  «  =  2  v/,  and/  number  of  complete  cycles  per  seoond 

e  =  S9  Bin  {ut^ifOt 
where  ^  =  angle  of  lag  of  i7«  with  respeot  to  the  origin. 

iVo>=  ^iS  + ^,* -f  SiTA  cos2^. 


For 


COS  ^  S=  —^ '  COS  ^, 


sln^rri^L+A^cos^. 

^0 


JE«  and  ^  are  known, 
Bnergy  shifts  the  origin  by  the  angfke  ^. 

e»  =  J?,  sin  («  <  +  *  -4-  A). 
Ca  s:  f  ,  sin  (m  <  —  ^  4-  ^). 
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and  /  lagi  behind  E^  by  the  angle  A  where 

tan«=-^. 

By  introducing  the  angle  ^  we  are  referring  the  E.M.F.'s  of  both  machines 
to  the  aero  point  of  the  resultant  wave  as  origin. 
In  general 

SI 


-^S!'^^= 


2   ^«»*' 


wrbcra  P  =  the  power  in  watts,  and 

9  =  lag  or  lead  of  /  wltn  respect  to  JV» 
B  and  I  are  maximum  yalues* 

7*=:  -  t  or  the  periodic  time. 


Pi  =  power  giTen  to  the  circuit  by  the  generator. 
P,  =  power  absorbed  from  the  circuit  by  the  motOTt 


Then 


•,  =  1       I         €.<rfl=~»"— =^=    cos  C^  +  ^r +«)[*  = /*ln  (/»!<- «)1, 

0 

Pi=^T7=^=[co8(«  +  ^)cos«-bin(*+^)sln«], 
2  V^4-„ijr^ 

sin  i  :=  —  I  cos  I  = 


Vija  4-  X«  «a  V^  +  «a  jy 

and  substituting  ~  ^  for  +  ^  we  get 

^«  =  2(//:»^  {iJce.(*-*)  +  X«sin(*-^)}. 
Now  ,in^==:i^^t^«lsin^. 


-K< 


0 


and  cos  f  =  — ^-s — ^  cos  ^. 

Substituting  and  reducing 

An  angle  ^i  is  Introduced  such  that 

•tn  2  ^1  =   ,  —  I  and  cos  2  ^i  =  ** 


ViP  4.  «a  X>  Vip  -I-  «*  X* 
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Bubititute  in  P^,  and 

/*«!•  a  maximum  when  2^4-2^'  =  90<' 

*>'•  ♦  +  ^'  =  ^; 

that  la»  the  «*  sine  term  "  =  unity. 


^t  ^  poiitire  proTided 


22 


Xt      ^J^  +  »»X» 


e 


afS*:^ 


PiCLO 

FlO.44. 


I 


which  shows  that  it  is  possible  to  have  E»  greater  than  B.  if  there  \m  th« 
proper  ratio  of  resistance  and  reactance  iiule  circuit.  '  ^  *'*• 

Now,  If  we  plot  from  an  actual  motor  the 
armature  current  and  the  field  excitation  we 
get  a  curve  shown  in  Fig.  m. 

This  shows   that  the  armature  current 
varies  with  the  excitation  for  a  given  load. 
The  flatter  curves  are  for  increase  of  load. 
Point  a  shows  under  excitation^ 
6  shows  over  excitation, 
c  shows  the    excitation  which 
makes  the  power  factor  imlty ;   it  ig  well 
from  the  point  of  stability  of  operation  to 
slightly  over  excite,  and  this  makes  B;>B,  . 
and  aUo  counteracts  the  inductive  drop  Jn 
the  line,  thus  showing  that  the  action  of  an 
over  excited  synchronous  motor  is  similar  to  a  condenser. 

Graphical  treatment. 

Eg  =  generator  E.M.P. 
Em  =  motor  E.M.P. 
£•  =  resultant  E.M.F. 
U  =  resultant  current. 
O  /r  =  prolectlon  of  /•  on  O  Eg. 
OJm  =  projection  of  /•  on  O  Em. 
OEf=zt»f=z  energy  given  up  by 

the  generator. 
OEm=z  CM»  =  energy  absorbed  by 
the  motor  from  the  cir- 
cuit. 
«« is  negative,  which  shows  that  m»  is  tlie 
motor,  because  it  is  taking  energy  from 
the  circuif ;  and  similarly  m.  Is  the  gener- 
ator, because  O  Eg    .    OlgU  positive,  and 
gives  up  energy  to  the  circuit. 

[For  further  discussion  see  Jackson's 
AUemaHng  Current  and  AUemaHng  Cur- 
Fio.46.  r?**  ffacMnet;  also  Electrical  World  for 

i»^-«     rm.    1  ^     .     ^  March  30  and  April  6, 1896,  by  Bedell  and 

Byan.    The  latter  Is  the  clsaslo  paper  on  the  subject.]  «-«*  ima 


Olg 

Olm 


orLMMMnwi 


t  P*^  *™  ®'  *^**  *^^^i,2J^^  ^^  changing  direct  current  of  one  voltage 
Into  direct  current  of  a  dllTerent  voltage,  and  usually  called  in  America 
motorifenerator$;  the  second  class  changes  alternating  current  into  direct 
current  or  vice  verta^  the  voltage  not  being  changed  excepting  from  alter- 
nating Vmean*  values  to  direct-current  values  equal  to  the  top  of  the 
alternating  wave  ;  these  latter  machines  are  now  called  rotary  convertmv 
and  are  largely  used;  '  ^  ' 
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Dynamotora  are  now  largely  used  in  telegraph  oAees  for  reducing  the 
preMore  of  the  supply  current  to  voltages  suitable  for  use  in  telemphv 
and  for  ringing  and  charging  generators  In  telephone  offices.  -^    «^  ' 

Theory.    Let 

E  =  Toltage  at  motor  terminals. 

e    =  Toltage  at  generator  terminals. 

/    =  current  in  motor  armature. 

J2  =  resistance  of  motor  armature. 

Ift  =  number  of  conductors  in  motor  armature. 

i=  current  in  generator  armature  part. 
1  =  resistance  of  generator  armature  part. 
Jv«i=  number  of  conductors  in  generator  armature  part. 

1^=  k  ==  coefficient  of  transformation. 

S  =  induced  E.M.F.  in  motor  part. 
Si  zz  induced  E.M.F.  in  generator  part. 
X  =r.p.s.  X-y.  X*. 

^  *J  be  assumed  that  losses  by  hysteresis  and  eddy  currents  be  negligible, 
or  that  ^/=^t/^  whence /i  =  ir/,  then  •  »     '^ 


e  = 


§-{«^+§)i. 


Such  machines  run  without  sparking  at  the  commutator,  as  all  armature 
reactions  are  neutralized. 


JDJUUICT-CIJIUUWT  BOOAXBBA. 

< 

This  is  a  tvpe  of  motor  genercUor  much  in  use  for  raUing  or  lowering  the 
pressure  on  long  feeders  on  the  low-pressure  system  of  distribution,  and  is 
to  be  found  in  most  of  the  larger  stations  of  the  Edison  companies.  It  is 
also  much  used  in  connection  with  storage-battery  systems  in  cnarging  cells. 

The  "  booster  **  consists  of  a  series  generator  driven  by  a  motor  direct  con- 
nected to  its  armature  shaft.  The  terminals  of  the  generator  are  connected 
in  series  with  one  leg  of  the  feeder ;  and  it  is  obvious  that  the  current  in  the 
feeder  will  excite  the  series  field  Just  in  proportion  to  the  current  flowing, 
provided  the  design  of  the  iron  magnetic  circuit  is  liberal  enough  so  that 
the  field  is  way  below  saturation  (on  the  straight  part  of  the  iron  curve  way 
below  the  knee).  As  the  armature  is  being  independently  rotated  in  this  field, 
it  will  produce  an  E.M.F.  approximately  in  proportion  to  such  excitation, 
which  E.M.F.  will  be  added  to  that  of  the  feeder  or  will  oppose  that  E.M.F.,  ac- 
eording  as  the  terminal  connections  are  made.    On  three-wire  systems  two 

Knerators  are  direct  connected  to  one  motor,  and  for  convenience  on  one 
d-plate. 

Such  a  booster  can  be  so  adjusted  as  to  make  up  for  line  loss  as  it  in- 
creases with  the  load. 

One  danger  of  a  booster  that  is  not  always  taken  into  account  is,  that  if 
the  shunt  of  the  driving-motor  should  happen  to  open,  or,  in  fact,  anything 
should  happen  to  the  driving-motor  that  would  result  in  its  losing  its  power, 
the  generator  would  immediately  become  a  series  motor,  taking  current 
from  the  line  to  which  it  Is  connected,  and  by  its  nature  would  reverse  in 
direction  of  rotation,  and  increase  in  speed  enormously,  and  if  not  dificon- 
nected  from  its  circuits  in  time  would  result  in  a  complete  wreck  of  the 
machine.  It  is  always  safest  to  have  the  generator  terminals  connected  to 
their  line  through  some  automatic  cut-out,  so  arranged  that  should 
the  shunt  break,  as  suggested,  it  would  actuate  the  device,  and  automati- 
oally  detach  the  booster  from  the  circuit  before  harm  could  be  done. 
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tOTAAY  coNirmwtKmau^, 


A  rotary  eonvertm'  Is  the  name  glren  to  a  maoblne  designed  for  ehanging 
alternating  ourrents  Into  direct  currents.  If  the  same  machine  be  usea 
inverted,  i.  e.,  for  changing  direct  currents  into  alternating,  It  is  some- 
times known  as  an  inverted  converter .  Again »  If  the  same  machine  be 
drlTen  by  outside  mechanical  power,  both  alternating  and  dired;  currents 
may  be  taken  from  it,  and  it  then  becomes  known  as  a  double  eurreni 
generator. 

Theoretically  the  rotary  ooneerter  is  a  continuous  current  dynamo  with 
collector  rings  added,  which  are  connected  by  leads  to  certain  parts  of  the 
armature  windings,  sometimes  at  the  commutator  segments. 

In  the  following  figure,  which  represents  in  diagram  the  eingle^kaee 
rotary  converter ^  the  collector  rings  r  and  r^  are  connected  by  leads  to  dia- 
metrically opposite  segments  or  coils  of  the  armature  at  c  and  Cf.  It  is 
obvious  tnat  as  Uie  armature  rerolres  the  greatest  difference  of  potential 
between  the  rings,  or  maximum  E.M.F..  wifl  be  at  the  instant  the  segments 
c  and  Cj  pass  under  and  coincide  with  the  brushes  B  and  A, ;  and  this 
E.M.F.  will  decrease  as  the  rotation  continues,  until  the  lowest  E.M.F. 
will  occur  when  the  segments  e  and  Cx  are  directly  opposite  the  centre  of 
the  pole-pieces  P  and  P^. 


PNAM  ROTAIIT  OOHWRTCII 

Fio.  46. 


The  maximum  alternating  E.M.F.  will  be  eaual  to  the  direct-current 
Toltage  at  the  brushes  B  and  JS^,  and  if  the  machme  be  designed  to  produce 
a  sinusoidal  curve  of  E.M.F.,  then  the  alternating  E.M!f.,  that  is,  the 

Vmeau'  or  effective  E.M JP.,  will  be, 

s  =  A=.707-K, 
V2 


where    e  r=  Vmean*  value  of  the  alternating  E.M.F., 
and      B  =  direct-current  voltage  between  orushes. 

In  a  bipolar  machine  the  frequency  =  r.p.s.,  and  in  a  machine  with  p 
poles  the  frequency  will  be -^  r.p.s. 

Neglecting  losses  and  phase  displacement  the  supply  of  alternating  cur- 
rent to  the  rings  must  be  /  V2  =  1.414  /  where  /  is  the  direct-current 
outout. 

If,  as  shown  In  Fig.  47,  another  pair  of  rlnes  be  added,  and  connected  to 
points  on  the  winding  at  right  angles  to  the  first,  then  another  and  similar 
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E.H.F.  vlU  be  pTodocad,  but  In  qiudratiue  to  ths  llrit.  The  E.H.F.  will  ba 
the  suna  lor  e*cb  pbue  u  Is  the  tlngle-phue  connection  pretioiulj  ■hoim, 
and  ■UUnealeaUngphua  diiiplaoement  and  Ioshs  the  ourrgnt  «lu  ba  foe 
each  o(  the  (wo  pbuei 


tba  foUoTlng  dlngruni  a  Ihrat-phiue  oonrs 


■a  wnnparad  with  Uis  oontErn 

Toltaga  between  oollMtor  ring  and  nentr&l  point  e  —  —p.  =  Xt  E. 

ToltafB  between  ooUaotor  ring<  r<  =  — -^-  =  Mi  E. 

. iE_irn_ 


Stelnmati,  in  the  SltetrHxU  World  ot  IHo.  IT,  IWS,  gitei  the  rnllawini 
UMei  Df  lolnaa  ot  Uie  altarnMlog  B.M,F.  and  oorrenf  in  onlta  ot  direct 
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Tlie  tsIum  of  B  Jf  .P.  and  of  onnent  itated  aboTe  are  theoretloal,  and  art 
▼aried  In  practice  by  reason  of  drop  in  armatore  ooudnoton  and  phaae 
displaeement.  In  converting  from  a.o.  to  d.c,  if  the  oorrent  in  the  rotary 
Is  m  phaae  with  the  impreeaed  E.M.F.,  armature  self-induction  has  little 
eifect :  but  with  a  lagging  current,  which  may  be  due  to  under-excitation, 
the  inauoed  d.c.  £.M.F.  is  somewhat  reduced ;  «nd  if  the  machine  be  over- 
ezeited,  thus  producing  a  leading  current,  the  induced  d.c.  E.M.F.  will  be 
raised.  The  same  is  the  case  in  converting  from  d.c.  toa.c.,  the  a.e.  volts 
being  down  on  a  lagging  circuit. 

The  corrections  for  the  theoretical  ratios  of  voltages  as  shown  are,  lint 
for  drop  in  the  armature ;  and  second,  they  hAve  to  be  multiplied  by  the 
faetors  shown  above. 

Stelnmets  savs  that  the  current  flowing  In  the  armature  ooadnctors  of  » 
*otary  Is  the  difference  between  the  alternating  current  input  and  the  oon- 
dnuotts  currwit  output.  The  armature  heating  Is  therefore  relatively  small, 
and  the  practical  limit  of  overload  is  llmltea  by  the  commutator,  and  Is 
uraAllv  far  higher  than  in  the  eontlnuous  current  generator. 

In  Bix-^hase  rotaries  the  I*R  losses  of  the  armature  are  but  29  %  of  the 
regular  I^R  loss  in  tiie  armature  as  used  for  d.c.  dynamo. 

Kapp  shows  that  width  of  pole-face  has  a  bearing  on  the  increase  in  out- 
put of  a  rotary  converter  over  the  same  machine  used  as  a  continuous  cur- 
rent dynamo.  He  compares  the  output  of  two  converters,  one  in  which 
the  poie-faoe  is  two-thirds  the  pole  distance,  and  another  in  which  it  is  one- 
half  the  pole  distance.  In  single-phase  converters  the  output  is  not  equal 
to  that  of  the  d.c.  dynamo,  and  two-  and  three-phase  machines  are  much 
different. 

He  gives,  in  the  following  table,  the  percentage  of  d.o.  output  of  what 
would  oe  the  ou^ut  of  the  same  machine  used  as  a  d.o.  dynamo. 


rCos=l 

Bingl^haseJg;=  i    ."    .'    !    ! 
LCos=  .7    .    .    .    . 

(Oos=l 

Three-phase  {Oos=  J»    .    .    .    . 
(Cos=  .8    .    .    .    . 

foui^phase  jgj=  5  :  :  :  ; 


Pole-width. 

1 

1 

88% 

81 

73 

es 

86% 
88 

80 
70 

138 
128 
117 

144 
187 
126 

187 
160 
144 

170 
167 
163 

To  And  the  voltage  required  between  collector  rings   on  rotary  con^ 
verters,  when 

7*=  number  of  turns  in  series  between  collector  ringSt 
•  =  flux  from  one  pole-piece  into  the  armature, 

^=  cycles  per  second, 

'  =  required  S.M  J. 


ii 


fhea 


For  single-phase  and  two-phase  machines 

£  =  2.88  r  r  •  10-», 
For  three-phase  machines 

^  =  3.88  ^/••lO-*. 
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The  >ixigl6-plia8e  rokury  has  to  be  turned  up  to  synohronoiis  speed  by  aome 
external  power,  as  it  win  not  start  itself. 

The  polvphase  rotary  will  start  itself  from  the  a.c.  end,  but  takes  a  tre* 
mendous  Ic^^ng  current,  and  therefore,  where  possible,  it  should  be  started 
from  its  d.c.  side. 

The  starting  of  rotaries  that  are  connected  to  lines  having  lights  also  eon- 
nected,  should  always  be  done  from  the  d.o.  side,  as  the  Uuve  starting  our- 
rent  taken  at  the  moment  of  closing^  the  switch  will  surely  show  in  the 
lamps.  Polyphase  rotaries  are  sometmies  started,  as  are  induction  motoxi, 
by  use  of  a  *'  compensator." 

In  starting  a  rotary^  the  field  circuit  must  be  opened  until  synchronism  Is 
reached,  after  which  it  is  dosed.  The  d.c.  side  must  also  be  disoonneeted 
trcfta  its  circuit,  as  it  is  obvious  that  the  current  produced  is  altematfiig 
until  synchronism  is  reached.  Care  must  be  taken  to  keep  tbe  field  circwt 
olosed  when  the  d.c.  side  is  connected  in  parallel  with  other  machines,  and 
the  a.c.  side  open,  or  the  armature  will  run  away  and  destroy  itself. 

As  the  change  in  excitation  of  the  field  of  a  rotary  changes  the  d.c.  voltage 
but  little,  and  on  the  other  hand  produces  w^attless  currents,  the  regulation 
of  E.M.F.  must  be  accomplished  by  some  other  method.  This  oan  be  done  by 
changing  the  ratio  of  the  static  transformer  by  cutting  In  and  out  turns  as 
its  primary,  or  by  the  introduction  of  self-induction  coils  in  the  ».c.  leads  to 
the  rotary. 

The  first  introduces  a  complicated  set  of  connections  and  oontaets,  but  is 
unlimited  in  range. 

The  second  method  seems  especially  suited  for  the  purposeybut  is  some- 
what limited  in  range.  Theoretically  the  action  is  as  follows :  Suppose  the 
excitation  to  be  low  enou|di  so  that  the  current  lags  90^  behind  the  nnpressed 
E.M.F.,  the  E.M.F.  of  self-induction  laas  WP  behind  the  current,  and  is 
therefore  18(P  behind  the  impressed  E3I.F.,  and  therefore  in  opposition  to  it 
On  the  other  hand,  if  the  excitation  is  large,  and  produces  a  leading  current 
of  9(P,  the  E.M.F.  of  seU-induction  is  in  phase  with  the  impressed  E.H.F. 
and  adds  itself  to  it.  Therefore,  with  self-induction  introduced  in  the  a.c 
lines,  it  is  only  necessary  to  vary  the  excitation  in  order  to  change  the  con- 
tinuous current  £JlC.F.  A  rotary  can  thus  be  oomponnded  I7  uung  shunt 
and  series  field,  to  maintain  a  constant  B.M.F.  under  changes  of  load,  the 
compounding  taking  place,  of  course,  in  the  a.o.  lines  and  not  in  the  field  of 
the  machine,  as  ustial  in  d.c.  dynamos. 

In  handling  the  inverted  converter  care  must  be  exercised  in  starting  it 
under  load,  as  it  is  apt  to  run  away  if  not  connected  in  parallel  with  ouer 
alternators.  If  they  are  started  from  the  d.c.  side,  and  have  lagging  cur- 
rents flowing  from  a.c.  side,  this  current  will  tend  to  demagnetixe  or  weaker 
the  fields,  and  the  speed  of  the  armature  is  liable  to  accelerate  to  the  dan> 
ger  limit. 

A  lagging  current  taken  from  an  inverted  rotary,  even  after  having  reached 
synchronism,  will  cause  an  immediate  increase  in  speed,  and  if  enough  lag- 
ging will  cause  an  approach  to  the  danger  point. 

Running  as  a  rotary,  and  converting  from  a.c.  to  d.c,  the  phase  of  the  en- 
tering current  has  no  effect  on  the  speed,  this  being  determined  by  the 
eycles  of  the  driving  generator,  nor  upon  the  commutation,  simply  influen- 
omg  the  heat  in  the  armature  and  raUo  of  voltages  sli^tly. 

JMmbte-eurrtni  generaiore  are  useful  in  situanons  where  oontthuous  cur 
rent  can  be  used  for  a  portion  of  the  day  and  the  current  transferred  througL 
the  a.c.  side  to  some  other  district  for  use  in  another  portion  of  the  day, 
thus  keeping  the  machine  under  practically  constant  load. 

The  size  of  €UnM&<!vrrent  generators  is  limited  by  the  size  of  the  d.o.  gen- 
erator that  can  be  built  with  the  same  number  of  poles  as  a  good  alternator. 
The  heating  of  the  armature  depends  upon  the  sum  and  not  the  difference 
of  the  currents,  as  in  the  rotafy,  and  the  capacity  is  therefore  no  greater 
than  a  d.c.  machine  of  the  same  totid  ou^ut. 

Automatic  compounding  of  double-ewrrent  generaiore  is  scarcely  feasible 
in  practice,  and  the  field  must  be  very  stable,  as  the  demagnetijdng  effect  of 
the  lagging  a.c.  currents  tends  to  drop  the  excitation  entire^.  Such  machinef 
run  better  separately  excited. 
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GAHTBBXam    AHMATVHB    VniVDniCHk 

W«-ClrcNl(WlKdl>r  for  Two-Phase  BoMr^XraBifarBer 

The  toUowfng  dlagrim  sbowa  ths  eonnMlions  of  the  (our  rlnga  to  the  dJ 
fannt  Hctloiii  of  the  kmutnre.  Ths  eonneellDiu  *»  made  >t  the  cumm' 
(Mor  HgmcDti  M  tour  polnu,  althonsb  there  ue  lU  poles, 


TraBefofBisn. 

The  lollowlng  dUgmn  ghowi  the  conneetlona  of  ths  three  eolleetur  rlui 
to  ths  aoDtlnnoue  eurrent  winding  ot  N  ili-pole  djDBina.  A*  in  tbe  lasttu- 
nrs,  the  rings  sre  connected  to  polnle  on  the  Dommatstor  at  nssrlj  eqal- 


i 
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•^^ 


Hote.  —  C«AB0cttoB  of  TnuMfom«ffi 

CoBT«rten. 

In  (he  use  of  rotvy  converters,  two  or  more  of  these  machines  are  aom^* 
times  connected  in  multiple  to  the  secondary  of  the  transformers,  and  their 
direct  current  leads  then  conducted  in  multiple  to  a  common  bus-bar  cirouit, 
M  shown  in  Fig.  61. 
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Fio.  61. 


FlO.  62. 


With  the  above  connections,  currents  are  often  formed  in  the  rotaries  that 
disturb  the  point  of  commutation,  and  it  becomes  practically  impossible  to 
adjust  the  brushes  so  they  will  not  spark.  Bather  than  connect  across  in 
the  above  manner,  it  is  better  that  each  rotary  have  its  own  transformer,  or 
at  least  its  own  secondary  on  the  transformer,  as  shown  in  Fig.  63. 

Correat  D«naitte#. 

Current  leads  >Vom  bruahet  to  binding'postat  must  be  ample  to  prodnee  no 
appreciable  drop  In  voltage.  The  following  table  gives  eut'rent  densities, 
etc.,  for  brush-holders,  conductors,  bolted  joints,  and  switches. 


Cnrremt  I>eaef«e#  for  Ci 

•orfiAoe  of  Varlona  Matorlala. 


• 

Material. 

Square  Mils, 
per  Ampere. 

Amperes  per 
Square  Inch. 

• 

Gross  section 

Copper  wire  .     .     . 
Copper  rod     .     .     . 
Copper-wire  cable  . 
Copper  casting  .    . 
Brass  casting      .     . 

600to      800 

800  "    1,300 

eoo  "     1,000 

1,400  "    2,000 

2,600  "    3,800 

1,200  to  2,000 
800  "  1,300 

1,000  "  1,600 
600  "     700 
800"     400 

Brush  contact      < 

Copper  brush  .    .    . 
Carbon  brush .    .    . 

6,700  "    6,700 
28,600  «'  88,600 

160  "      175 
80"       86 

Switch  Jaws 

Copper— copper.    . 

10,000  **  16,000 
1  20/)00  **  26,090 

67  "      100 
40"       60 

Screwed  contact 

Copper— copper 
Brass  ^^  ?oPP«J^  •    • 

6,000  **    8,000 
1 10,000  *'  16,000 

.  120  "      200 
67  "      100 
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Bevisxd  by  W.  S.  Moody  and  K.  G.  Randall. 

Tbs  itatle  transfonner  is  adeyiee  used  for  ohanglDg  the  yoltaffe  and  enr 
rent  of  an  alteraating  oircait  inpreMore  and  amount.  It  oonsuts,  6Men- 
tially,  of  a  pair  of  mutually  InouctiTe  elroults,  called  the  primanr  and 
secondary  ooils«  and  a  magnetic  oironit  interlinked  with  both  the  primary 
and  secondary  coils.  This  maguetic  circuit  is  called  the  core  of  the  trans- 
former. 

The  primary  and  secondary  coils  are  so  placed  that  the  mutual  induction 

between  them  Is  Tery  great.     Upon  applying  an  alternating  voltage  to  the 

'  primary  coil  an  alternating  flux  is  set  up  in  the  iron  core,  and  this  alternai- 

ing  flux  induces  an  E.M.K.  in  the  secondary  coil  in  direct  proportion  to  the 

ratio  of  the  number  of  turns  of  the  primary  and  seoondanr. 

Technically,  the  primary  is  the  coil  upon  which  the  E.lf  .F.  from  the  line 
or  source  of  sup^y  is  impressed,  and  the  secondary  is  the  coil  within  which 
an  induced  E.mIF.  is  generated. 

The  magnetic  circuit  or  (»>re  in  transformers  is  composed  of  laminated 
sheet  iron  or  steel.  The  following  cuts  represent  aecnoni  d  terarai  dif- 
ferent types  of  single  phase  transformers. 


t ^ 

It 


y       V 

V 

-  ^  _ 

"tf" 

tiJ-41 


Fio.  1.    Oores  of  some  American  nanafomwn. 

p  —  primary  winding  \  9  *  secondary  winding. 

In  those  showing  a  double  magnetic  circuit  the  iron  is  built  up  through 
and  around  the  eoijs,  and  they  are  usually  called  the  **  Shell "  type  of  trans- 
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B 


Fm.  3.    Unfisulwd  Bui  Finuhed  CoiU  lor  Core  Type  Twufonmn 


Fn.  8.  UnSnUwd  aai  FtoMted  OoUi  tor  SbeU  Typa  Tnimlamau 


Pn.4.    Shell  TVpaTnufonBar    Fia.5.    Con  Type  Truiiamb 
In  FnnMe  ol  CaoMnutioa.  in  Pn>c«  of  CoDMiaothm. 
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Those  hATing  a  tliiffle  jnagnetlo  olreolt,  and  harlng  the  ooOs  built  acoimd 
the  long  portions  or  Tegs  oi  the  core,  the  short  portions  or  yoke  connecting 
these  legs  at  each  end,  are  called  "  core  "  type  of  transformer. 

The  dntiee  of  a  perfect  transformer  are : 

(1)  To  absorb  a  certain  amount  of  electrical  energy  at  a  gi^en  Toltage  and 
f  reqoency ,  and  to  ffive  out  the  same  amount  of  energy  at  the  same  frequency 
ana  uj  desired  yoitage. 

QI)  To  keep  the  primary  and  secondary  colls  completely  isolated  from  one 
another  electrically. 

(3)  To  maintain  the  same  ratio  between  impressed  and  delivered  Toltage 
at  all  loads. 

The  commercial  transformer,  howerer,  is  not  a  perfect  converter  of  energy, 
althoi^^  it  probably  approaches  nearer  perfection  than  any  form  of  appa- 
ratus used  to  transform  energy.  The  diiierence  between  the  energy  taken 
into  the  transformer  and  that  given  out  is  the  sum  of  its  losses.  These 
loeses  are  made  up  of  the  copper  loss  and  the  core  loss. 

The  core  loss  Is  that  energy  which  is  absorbed  by  the  transformer  when 
the  secondary  circuit  is  open,  and  is  the  sum  of  the  hysteresis  and  eddy  cur- 
rent loss  in  the  core,  and  a  slight  copper  loss  in  the  primary  coil,  which  is 
generally  neglected  in  the  measurements. 

The  hysteresis  loss  is  caused  by  the  reversals  of  the  magnetism  in  the 
Iron  core,  and  differs  with  different  qualities  of  iron  With  a  given  quality 
of  iron,  this  loss  varies  as  the  1.6  power  of  the  voltage  with  constant  fre- 
quency. 

Steinmetz  gives  a  law  or  equation  ftMr  hysteresis  as  follows : 

Wa  =  Hysteresis  loss  per  cubic  centimeter  per  cycle,  In  ergs  (=  V^^ 
joules). 
17  =  constant  dependent  on  the  quality  of  Iron. 

If  A"=  the  frequency, 

V  =z  the  volume  of  the  iron  in  the  core  In  cubic  centimeters, 
P  =  the  power  in  watts  consumed  In  the  whole  core, 

;hen      P  =  ,  JV  K  (B»-«  10-», 

P 

In  the  construction,  the  core  loss  depends  on  the  following  factors  t 

(1)  Magnetic  density, 
(^  We^t  of  iron  core. 

Frequency. 

QuaUty  of  iron, 

Thickness  of  iron, 

Insulation  between  the  sheets  or  laminations. 

The  density  and  frequency  being  predetermined  the  weight  or  amount  of 
Iron  Is  a  matter  of  design.  The  quality  of  the  iron  is  very  variable,  and  up  to 
the  present  time  no  method  has  been  found  to  inanufacture  iron  for  trans- 
formers which  gives  as  great  a  uniformity  of  results  as  to  the  magnetic 
losses  as  could  be  desired. 

On  the  thickness  of  the  laminations  and  the  Insulation  between  them  de- 
pend the  eddy  current  losses  In  the  Iron.  Theoretically*  the  best  thickness 
of  Iron  for  minimum  combined  eddy  and  hysteresis  loss  at  commercial  fre- 

auenelee  is  from  JOW  to  .016^',  and  common  practice  is  to  use  Iron  about 
114^^  thick. 

The  -copper  losses  in  a  transformer  are  the  sum  of  the  I*Ii  losses  of  both 
the  primary  and  secondary  coils,  and  the  eddy  current  loss  in  the  conductors. 
In  any  well-designed  transformer,  however,  the  eddy  current  loss  In  the 
eonductors  Is  n^llgible,  so  that  the  sum  of  the  I*R  losses  of  primary  and 
lecondary  can  he  taken  as  the  actual  copper  loss  In  the  transformer. 

*  Bedell,  Klein,  Thomson,  Else.  W.,  Dec  II.  18S9. 
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Fte.  0  ts  ft  enrre  glTlng  the  total  flnxas  m  ordlnates  and  eftpadtle*  in  K.W> 
fts  ftMclflsa.  ThlB  onrre  represents  approximately  oemmon  practice  for  a 
line  of  lighting  transformers,  to  be  operated  at  60  cycles. 

For  an/ other  frequency  or  for  power  work,  a  cnrve  of  total  fluxes  can  be 
drawn  after  three  or  more  transformers  hare  been  oalcnlated  with  quite 
widely  differing  capacities. 

SKtinietlc  denaitlea  In  the  oores  of  transformers  Tary  considerably 
with  the  differen  t  frequencies  and  different  designs  of  yarions  makers.  The 
practieal  limits  of  these  densities  are  as  foUows: 

For  25  cycle  transformers  from  60,000  to90,000G.Q.8.  lines  per  square  inch. 

Fbr  60  cycle  transformers  from  40,000  to  60,000  lines  per  square  inch. 

For  125  cycles  from  30,000  to  50,000  lines  per  square  inch* 

Densities  for  other  frequencies  are  taken  In  proportion. 

€>urr9ut  Denaf  ties.  —  Current  density  cannot  be  determined  except 
in  connection  with  the  coil  surface  exposed  for  heat  radiations,  and  if,  there- 
fore, for  any  reason,  different  portions  of  the  winding  have  reiatively  differ- 
ent amounts  of  exposed  surface,  current  densities  must  be  adjusted  to  give 
equal  heat  distribution. 

FBAT1J1KSS    OF    I»BSi«li. 

In  the  design  of  successful  transformers  the  principal  features  requiring 
attention  are: 

[l)  Quality  of  insulation  between  primary  and  seoomlary  windings, 
^     Temperature  rise, 
Re^mation. 
ESmdencies, 

Ageing  of  iron  or  increase  in  core  loss. 
Power  factor  and  exciting  current. 
Cost. 

InemlattOA* 

No  feature  of  a  successful  transformer  should  be  given  more  considera- 
tion than  the  quality  and  durability  of  the  insulation  used  to  separate  the 
two  windiius.  Good  insulation  means  few  burn-outs  and  interruptions  of 
senrice,  safety  of  customers,  and  low  maintenance.  The  failure  of  the 
insulation  is  mtal  to  the  primary  function  of  the  transformer. 

Not  onlv  must  the  transformer  withstand  the  strain  when  first  installed 
or  tested  py  the  manufacturer,  but  during  years  of  continued  use  after 
beioir  subjected  to  frequent  overloads  and  probably  high  temperatures 
tor  short  periods. 

No  insuladng  materia]  has  been  found  which  fills  the  purpose  outlined 
above  so  well  as  mica,  first,  because  of  its  being  fire-proof,  and  second, 
because  of  its  high  djdeetric  strength.  In  a  construction  where  there  are 
no  sharp  comers  to  insulate,  no  insulation  can  surpass  mica. 

Next  in  value  as  insulators  are  perhaps  varnished  or  oiled  cloths.  The 
value  of  such  insulation  varies  greatly,  and  depends  not  only  u|>on  the 
quality  of  the  cloth,  but  more  especially  on  the  qualities  of  the  varnish  and 
oils  used  in  their  manufacture.  Their  particular  value  over  mica  is  their 
adaptability  for  use  with  coils  having  sharp  or  abrupt  comers  or  edges. 

Fiber,  pressboard,  fuller  board,  or  other  artificiai  boards  are  lowest  in 
the  scale  of  insulations,  and  are  generally  used  not  so  much  as  insulators 
as  for  mecha'.ical  separation.  If  treated  with  oil  or  vamish,  however, 
their  insulating  value  is  greatly  increased. 

For  very  high  voltases  no  better  insulator  is  known  than  mineral  oils 
properly  xefined.  Oil-nlled  spaces  insulating  great  differences  of  potential 
should  be  sub-divided  by  partitions  to  prevent  bridging  of  the  space  by 
conducting  material. 

X«iiip0ratitre. 

Statements  regarding  temperature  rise  and  method  of  determining  the 
same,  mean  little  unless  all  the  conditions  are  considered.  Measurement 
of  temperature  by  thermometer  is  superficial  and  of  little  value. 

In  small  transformers  in  which  relatively  large  coil  surface  results,  the 
temperatare  rise  is  quito  uniform,  and  there  is  little  possibility  of  any 
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THE   STATIC   TRAMSEORHER. 


Tha  moat  Impoftaot  fi«tor  in  Uie  life  of  lacudnoent  lamps  Is  t, 

voluct,  and  a  ■ystsm  of  dutribulian  in  which  the  reculation  of  pto 

not  maiaUiDad  to  wlthia  2%  a  liabla  to  ooniiderabJo  mduation  in  the  Kts 
uid  oukdl»-poinr  of  !(■  Umpg.  For  this  rauon  it  is  highty  important  that 
tha  nffuiaHtm^  l^*.,  tha  dun^a  of  voltage  due  wholly  to  ohann  of  load  on 
tba  fiBOCiDdMy  of  a  Uanaforaiw.  b«  maintaiDed  within  as  sloaa  Umita  as 

In  Ch«  dts^D  of  a  traasfontuir,  good  R«nilatioii  and  low  Mire  loas  are  in 
direct  oppooitioa  to  one  another  mjea  both  are  desired  in  the  hi^est  d^ 
cree.     For  IrutSJice.  sssumlD(  the  densities  itilt  not  be  ehansed  in  the  iron 


K  well-dnisn 
puds  oore  lb( 


Is  quadrupled,  beoausi 


i.  liowevar,  ace  doubtad,  and  tl 


wof  ttaeti 

It  Is  irtiTtoDa  that  tha  d»lKn  of  the  dlstrlbntlog  srstem  has  quite  as  inaoh 
to  do  with  the  iQsJnteuuica  of  a  steady  voltage  as  does  the  nmti^ion  of  tha 
transformars.  and  the  proper  selection  of  the  slse  of  truufocmen  to  !>• 
need  requires  skilled  Judgiui^t. 

When  Iransfocmera  wrre  Hrst  nsed  It  was  the  onstoin  to  enpply  one  foe 
each  honse,  and  sometlmeii  two  or  tbree  vhare  the  load  was  hearj.  Ejip^ 
rience  aad  tesu  soon  miule  It  eiidont  that  the  [nstallatlaa  of  oi^  large 
iraneformor  In  pUceotsoiBralBmnll  ones  woe  very  much  mora  eoonomleal 
In  flrM  i!o>t,  rnnning  eipcnaes  (cost  of  power  to  supply  loss),  and  ragnlatloB. 

Where  tnuistotmcrs  ara  Hupijlied  one  fur  aaffhLousB.lt  is  neoessanto 
provide  a  capacity  for  80  %  of  the  lamps  wired,  and  allowing  an  OTarload  nt 
76%  at  timca.  Where  one  large  transformer  Is  iDstallsd  for  a  groim  of  honses, 
eapacity  for  only  M%  of  the  total  wired  lamps  need  he  provided.  Tor  ^ea^ 
deuce  lighting,  where  the  load  factor  Is  alwiiy»  vrry  low,  It  Is  oflen  btnt  to 
run  a  line  of  secondaries  over  the  rwlon  to  be  served,  and  connect  a  few 
largo  traniformere  to  them  In  mulllplB. 

A  stadT  of  the  following  ourvftj  will  show  In  a  measure  the  rasnlta  to  b« 
expected  by  careful  selection  and  placing  of  Ihe  transfoimers.  The  flnt 
curve.  Fig.  22,  shows  the  relutlve  cost  per  lamp  or  nnltof  transforman  of 
differeDt  upaoltj,  sbowing  bow  muob  cheaper  large  onaa  are  than  tnaa 
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)/  ttB.  n.     TtelatlTe  Ooet  of  Traiisfonaere  of  Ditfereot  C^iwiltlaa. 

I  (Fig.  23).  shows  Iba  power  saved  at  diffa 


The  seeond  set  of  curves  { 

loads,  and  using  dlDerent  sis 

P*w«r  VacMr  is  the  n 
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of  L«rf*  and  SnuUl  Tnnrfoniun. 
□  it  ii  battar  tn  diitribuM  th«   trutifaniMr* 
irrjr  load  caoii(b  mail  of  the  tims  to  kagp  tha 
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tmufomun  for  vsry  biab  Toltw**.  ■oina  luTiDS  beta  made  for  piw 
u  hish  u  SOO/XX). 

Bsmiua  of  tba  Mnr*  oMiin  of  the  Krrice  to  which  thay  ar*  nibjai 
it  i*  MMOtial  that  mon  ttutt  ordinuy  iiCHgitioa  ba  paid  to  th*  Inula 


Thna  truutomten  ar*  ■enirallyof  th«  oors  typ*  ol  dsasn,  b«aiiH  tha 
loatruetioD  of  this  typa  of  traiuformec  lenda  itaalf  man  nadily  to  tha 
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nb-diTUoB  of  tha  high  tdHiBs*  coUj  Into  Mnnta  and  Indap«id«it  i«rta 
of  t«w  tnrna,  thiu  rcdudna  tha  pMcDtul  Mrdn  within  noh  coilg  to  n  Tdry 

Bosh  tmngfomun  ■realmoit 
'o  plac*  thorn  in  matal 
..Bat  the  onnlor  ununi 
n>ktac«  windinc- 


ioTviablyoil-iiuulmtsd  ud  the  best  pno 

I  HHidcnt  (rom  the  itatia  iaducwl  b;  the 

Figs.  24  and  2Eaha«^ 


to  piMcat  "  ........ 

hi^  ToKaC' .- 

Ti^.MikadXthow  two  types  of  thin  spplii 
inc  A  fauKiy  shop  Ifisting  sat  with  diagram  of  conneoLiona,  ana  rir-  »> 
■howinc  a  let  for  modemtely  hi(h  yoltage. 

'Hie  on])/  pTBCtioa]  way  of  maaBUrioc  tba  high  potential  generated  by 
thiaa  tnuafonnsi  ia  by  jpark.^ap  ihuntod  aoroia  tha  tarminali  of  tha 


Fm.  as.     8.  K.  C.  Hi«h  Voltace  Tartint  Set. 


tiauatu  mar.  Ordinarily  the  niark-cap  Ig  Ht  for  tha  darind  voltaca  by 
WB  of  a  eajibntSoQ  onm  or  by  pnliminaiy  calibration  by  meanj  of  c 
loKiiMtar  oonnaetad  to  tbe  low  potential  side,  the  ntio  of  the  Iranaformar 
b^  known. 

A  iiigh  Tednanoe  ihonid  be  nmneetad  in  aeriaa  with  the  >p«rk-sap  to 
pnTeot  tha  Bow  of  an  appreciable  anwunt  of  inrrait  ahould  the  potoitia] 

Iaa^  acroea  tha  baadia  pointa:  thia  will  pirvent  the  aecumuiation  of  high 
requaooT  ToHaca  wUeh  mlcht  otbarwiae  nmiH. 
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Fio.  37.     Spwkinf  Diauooca  AooM  NMdl*  PcudIc. 


SeTsral  melluxli  bare  bMU  tried  wltli  m 

aUnloamnt  St  theaecoDdu-leaof  truifo 

The  glmplegl  fmil  eu-lleat  eyilem  For  obtaining  ■  ooaatiuit  currant  ii 


MriM.uid  a  ooiutuit . 

diagram  In  Fig.  38.    Seriei  transform! 
T«r7  >(ic«suful,  duB  to  tha  tninbli 


Inlalned  Id  the  primary.     Tbla  la  alunni  la 

.. * —  .1,..  pnrpoBe  hay*  neTar  b*m 

le  Hae  of  pota&tlal  in  tha 
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•eeondary  when  opened  for  any  caoBe.  Varioiu  devloes  (Fig.  28),  sneh  m 
Bbort-cireniting  pointa  separated  l»y  a  paraffined  paper,  or  a  reaellTe  or 
choking-coil  connected  acroM  the  secondary  terminals,  haye  been  Intro* 
dnoed  to  prevent  any  complete  opening  of  the  secondary  by  reason  of  any 
defect  in  the  lamp  or  other  device  connected  in  the  clronit. 

SeaotlTe  coils  used  as  shunt  doTices  have  been  used  under  dlffsreat 
names;  as  compensators,  choking  coils,  and  economy  coils. 

A  device  of  this  kind  has  been  introdaoed  by  the  Westlnghouse  Electric 
and  Mfg.  Company,  and  others,  for  nse  in  street-lighting  by  series  inoan- 
desoent  lamps.     It  is  shown  diagrammatically  in  Fig.  29.     The  lamp  is 


CONSTANT 
CURRENT 


*l 


^ 


FiO.  29. 

placed  in  shnnt  to  the  coil ;  when  the  filament  breaks,  the  total  curent 
passes' through  the  coil,  maintaining  a  slightly  higher  pressare  between  its 
terminals  than  when  the  lamp  is  burning.  It  is  tnos  evident  that  the  regu- 
lation  of  the  circuit  is  limited,  due  to  the  excessive  reactance  of  the  colls 
when  several  lamps  are  taken  out  of  circuit. 

MemmowKky  C«lla  or  CoBspenMSttovs. 

A  modification  of  the  above  is  built  by  several  companies  for  use  on  ordi« 
nary  low  potential  circuits,  where  it  is  desired  to  run  two  or  three  arc 
lamps. .  It  is  a  single  coil  transformer,  and  is  shown  in  Fig.  90,  and  diagram- 
matically In  Fig.  81,  same  page.    If  any  lamp  is  cut  out  or  open-circuited. 


sccoNOAWV  J  cswunTny. 
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Fio.  80.    Arrangement  of  Apparatus  for 
use  of  Economy  Coil  or  Compensator. 


Fig.  81.     Westinghouse  Econ- 
omy Coil,  for  A.C.  Are  l4amps. 


the  current  in  the  main  line  decreases  slightly.  As  more  lamps  are  cut  out 
the  remaining  lamps  receive  lees  current,  and  it  is  necessary  to  replace  the 
bad  lamps  in  order  to  obtain  normal  enrrent  through  the  circuit. 
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reprsHDted  In  Fig.  32  ihov  a  dgalgu  that  will  glia  oat 


mUat  potsatlBl 

Fia.  SI.    OonMuit.UoTTmt  or 


leooudsrv,    thuB  orgatlug  »  aoaiitU' 
"— • "^-reUthBii* 

mjndtxf,  H'tiiatTt  will  be  appioxlmMslj 


■mat  KrviuranMers. 

The  truuformBT  thni  dncribad  hu  tbc  dUiulruitue  that  lU  rwnlatlDn 
il  6i«il  for  any  tnniformer  and  may  Titry  In  truulormen  of  Ibe  lama 
dBsiSH  without  any  ready  msana  of  adjustmont-  Tha  tranafonner  alao 
raguata*  (or  conitaiit  ODrnmt  OTsr  but  a  limited  range  In  lh«  ucondary 
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1^  lnw<t<in  oonwit  from  full  load  to  Dsht  load*,  or  lor  a  ommttT^  r«cu- 
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The  several  different  styles  of  feeder  regulators  have  been  devised,  differ- 
ing in  principle  of  operation,  but  all  of  them  have  the  primary  coil  con- 
nected across  the  mains,  and  the  secondary  coils  in  series  with  the  maina. 

The  "Stillwell"  regulator,  which  was  designed  by  Mr.  L.  B.  Stillwell,  haa 
the  usual  primary  and  secondary  coils,  and  effects  the  regulation  of  the  cir- 
cuit by  inserting  more  or  less  of  the  secondary  coil  in  series  with  the  line. 
This  secondary  coil  has  several  taps  brought  out  to  a  commutating  switch, 
as  shown  in  Fis.  40.  The  apparatus  is  arranged  so  that  the  primary  can 
be  reversed,  and  therefore  be  used  to  reduce  as  well  as  to  raise  the  voltage 
of  the  line.  It  is  evident  from  an  observation  of  the  diagram  that  if  two 
of  the  segments  connected  to  parts  of  the  coils  were  to  be  snort-circuited,  it 
would  be  almost  certain  to  cause  a  burn-out.  To  prevent  this,  the  movable 
arm  or  switch-blade  Is  split,  and  the  two  parts  connected  by  a  reactance, 


KAPPS  MODIFICATION 
OF  STILCWELL  REQUtATOn 


lEK 


FlO.  42. 

this  reactance  preventing  any  abnormal  local  flow  of  current  during  the 
time  that  the  two  parts  of  the  switch-blade  are  connected  to  adjacent  seg- 
ments. The  width  of  each  half  of  the  switch-arm  must  of  necessity  be  less 
than  that  of  the  space  or  division  between  the  contacts  or  segments. 

As  the  whole  current  of  the  feeder  flows  through  the  secondary  of  the 
booster,  the  style  of  regulator  which  effects  regulation  by  commutating 
the  secondary  cannot  well  be  deftif^ned  for  very  heavy  currents  because  of  the 
destructive  arcs  which  will  be  formed  at  the  switdi-blades.  To  overcome 
this  difficulty,  Mr.  Kapp  has  designed  the  modiflcation  which  is  shovn  In 
Fig.  42.  In  this  regulator  the  primary  is  so  designed  that  sections  of  it  can 
be  commutated,  thus  avoiding^  an  excessive  current  at  the  switch.  Tliis 
regulator,  however,  has  a  limited  range,  as  the  secondary  always  has  an 
E.M.F.  induced  in  it  while  the  primary  is  excited ;  and  care  must  be  taken 
to  see  that  there  are  sufficient  turns  between  the  line  and  the  flrst  contact 
in  order  to  avoid  excessive  magnetizing  current  on  short  circuit. 


Flo.4d.   Ck>nnections  for  M.  R. 
Feeder  Regulator  of  G.  E.  Co. 


Fio.  44.  Diagram  of  Con- 
nections of  Feeder  Po- 
tential Regulator. 


The  General  Electric  Company  have  brought  out  a  feeder  regulator,  in 
which  there  are  no  moving  contacts  in  either  the  primary  or  secondarv,  and 
which  can  be  adapted  for  very  heavy  currents.  This  appliance  is  plidnly 
shown  in  Figs.  43  and  44.  The  two  coils,  primary  and  secondary,  are  set  at 
right  angles  in  an  annular  body  of  laminated  Iron,  and  the  central  lami- 
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Dated  oore  is  arranged  so  aa  to  be  rotated  by  meaoi  of  a  wonn  wheel  and 
shaft  as  shown. 

The  change  in  the  secondary  voltage,  while  boosting  or  lowering  the  Hue 
voltage,  is  continuous,  as  is  also  the  chaiuie  from  boosting  or  lowering,  or 
viae  vena.  In  this  regulator,  the  change  oi  the  secondary  voltaip  is  effected 
by  the  change  in  flux  through  the  secondary  coil,  as  the  position  of  the 
movable  core  is  changed  by  the  turning  of  the  nand  wheel  and  shaft.  There 
are,  therefore,  no  intemiplions  to  the  flow  of  current  through  either  the 
primary  or  secondary  cous,  and  the  regulator  is  admirably  adapted  for  in* 
candescent  lii^ting  swvice,  where  interruptions  in  the  flow  of  ourrant,  how- 
ever instantaneous,  are  objectionable. 

•epArate  Oireatt  Ift«g«latovs« 

Where  a  number  of  drcraits  are  run  out  from  the  same  set  of  bus  ban, 
regulation  of  each  circuit  is  provided  for  by  the  use  of  a  single  coil  trana- 
former  from  various  points,  on  the  winding  of  which  leads  are  brought  out 
to  a  regulator  bead,  from  which  any  part  or  all  of  the  transformer  may  be 
thrown  into  service  to  increase  the  pressure  on  the  line.  v 


Hie  regulator  described  above  is  suitable  only  for  operation  oa  sfiigta* 
phase,  circuits.  The  primary  is  connected  in  a  shunt  and  the  secondary 
m  series  with  the  circuits  to  be  controlled.  Two  or  three-phase  regulators 
of  similar  design,  but  having  either  primary  or  secondary  on  tbi  moving 


% 


Fzo.  45.    Three-Pliase  Induction  Botential  Regnialor. 

core,  are  commonly  used.  The  voltage  in  such  a  design  is  constant  in  eaeh 
phase  of  the  secondary  winding,  but  by  varying  the  relative  positions  of 
primary  and  secondary  the  effective  voltage  of  any  phase  of  the  secondary 
m  its  circuit  is  varied  from  maximum  boosting  to  maximum  lowering. 

Referring  to  the  diagram  which  ra»resents  graphically  the  voltage  of  a 
single  phase  of  the  regulator,  so  —  Generator  voltage  or  the  E.mIF.  im- 
pressed on  the  primary;  a  o  —  E.M.F.  generated  in  the  secondary  coils, 
and  is  constant  with  constant  generator  E.M.F.;  6'  a'  —  Secondary  £.M.F. 
in  phase  with  the  generator  £JfI.F.:  e'  a'  —  Line  ELM  J*,  or  resultant  of 
thegenerator  EIM.F.  and  the  secondary  E.M.F. 

The  construction  of  the  regulator  is  such  that  the  secondary  voltage  e  a 
is  made  to  assume  any  desired  phase  position  relative  to  the  primary  KM.F.» 
as  of,  o 6,  o e,  etc 

Wben  its  phase  relation  is  as  represented  by  o  f,  which  is  the  porition 
when  tlie  north  poles  and  the  south  poles  of  the  primary  and  secondary 
windings  are  opposite^  the  secondary  voltage  is  Tn  phase  with  the  primary 
voltage  and  is  added  directly  to  that  of  the  generator.  The  regulator  is 
then  said  to  be  in  the  position  of  maximimi  **  ooost,"  and  by  rotating  the 
armature  with  reference  to  the  Qelds,  the  phase  relation  can  be  changed 
to  any  ext^it  between  this  and  directly  opposed  voltages.  When  the 
voltage  of  the  secondary  is  directly  opposed  to  that  of  the  primary  or  gen- 
erator, its  phase  relation  is  as  represented  by  o  d  in  the  diagram,  while  o  h 
represents  the  phase  relation  of  the  secondary  when  in  the  nentral  position* 
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Pki.  50.  Three-Phaae  Air-Blaat 
Tkansfonner  in  Prooflas  of  Buildinc^ 


Fio.  51.    A 

Aii^Blast 


iioal  Three-PluMe 
onnsr. 


!EEO  OV   TllAjrftVOBlHATIOjr  W9t,  VBrRflfl-rajLAB 


T^aasformen  mn  usually  built  with  both  their  primary  and  secondary 
eoils  ivound  in  two  or  more  sections  in  order  to  facilitate  ohanaes  x>f  trana- 
formation  ratio.  This  is  especially  useful  where  three  transformers  are 
used  in  a  three-phase  syrtem.    Let 

n  "•  ratio  of  transformation  from  one  section  of  high-tension  dde 
to  one  section  of  low-tension  side,  expressed  as  an  integer; 

F  ■-  total  number  of  sections  in  series  in  each  arm  of  the  star,  high- 
tension  side; 

D  ■"  total  number  of  sections  in  series  m  each  arm  of  the  delta,  high- 
tension  side; 

y,  and  d,  being  the  oonespiondiBg  quantities  for  the  low-tension  side, 

H.T.  line  volts  ^      YVs+D 
L.T.  line  volts  "        y^  -j.  j 

This  formula  is  M>plioable  to  combination  stars  and  ddtas  as  weU  as  to 
simple  stars  and  deltas. 

ExAMPi.!.  —  Fig.  52 
shows  a  combined  star 
and  delta  lor  the  H.T. 
side  and  a  simple  star 
for  the  L.T.  side. 


Ratio- 10 


2\/a  4-3 
3\/3+0 


fts     n  ■■  10. 
£»  -    3. 


V-3. 
d-  0. 


H.  T.  Side 


Fia.  62. 


L.  T.  Side 
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TliAirAFORMSJI  COlVlVBOTJiOirA. 

Some  of  the  advantages  daimed  for  alternating  current  aystems  of  dis- 
tribution over  the  direct  curr«it  syatems  is  the  facility  with  which  the 
potential,  current,  and  phaaes  can  be  changed  by  different  connections  o€ 
traaaformers. 

On  nngte-phase  drouits,  tranaformera  can  be  connected  up  to  chanfo 
from  any  potential  and  current  to  any  other  potential  and  current;  but  m 
a  multi-phase  system,  in  addition  to  the  changes  of  potential  and  ourrent« 
the  phases  can  be  ohaiiged  to  'almost  any  form  that  may  be  desired. 


The  oonaections  of  the  single-phase  step-down  and  step-up  transformers, 
having  Darallel  connections,  need  no  explanation.  For  residence  lighting, 
a  favDiite  method  of  supply  is  through  single-phase  transformers  with 
three-wire  secondaries.    A  tap  is  brought  out  ftx>m  the  middle  of  the  see- 


m 
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Fn.  53.     Arrangement  of  Balancing  Transformer  for 

Wire  Seoondanes. 


ondary  winding,  this  tatp  connecting  to  the  middle  or  neutral  of  the  three- 
wire  system.  In  this  way  a  few  large  transformers  can  be  connected  by 
three-wire  secondaries  in  a  residence  or  other  district,  and  will  take  care  of 
a  large  number  of  connected  lamps. 
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Kapp  shows  a  modification  of  the  three-wire  cirouita,  in  which  the  out- 
ride w&es  are  fed  by  a  single  tmnaformer,  and  the  neutral  wire  is  taken 
care  of  by  a  balancing  transformer,  connected  up  at  or  near  the  center  of 
distribution.  The  capacity  of  the  balancing  transformer  need  be  but  half 
the  greatest  variation  in  load  between  the  two  sides. 

Some  makers  of  truisformen  have  the  connection  board  in  their  trans- 
forxners  so  arranged  that  the  two  primary  coils  may  be  connected  either  in 
series  or  parallel  by  mere  changes  of  small  copper  oonnecting  links,  so 
that  the  same  transformer  can  be  connected  up  for  either  1000-  or  aOOO-volt 
circuits,  and  the  secondary  for  either  50  or  100  volts. 

The  plain  two-phase  or  quarter-phase  connection  (Fig.  66)  is  simply  two 
single  transformers  oonneoted  to  their  respective  phases,  the  phases  oeing 
kept  entirdiy  separate.  In  the  three-wire  quarter-phase  cirouit,  one  of  the 
leads  can  he  used  as  a  common  return,  as  shown  in   *'g.  57. 


Hie  three-phase  connections  shown  in  diagram  58  are  known  as  the 
delta  connections,  and  are  of  great  advantage  where  continuity  of  service 
is  very  important.    The  removal  of  any  one  transformer  does  not  interrupt 


Fw.  58.    Three-Phase 
Delta  Connection. 


Fio.  50.    Three-Phase 
Star  Connection. 


the  three-phase  distribution,  and  the  removal  of  two  tranrformen  itill 
admits  of  power  transmission  on  a  single  phase  of  the  dreuit. 

The  Y  or  star  connection,  as  shown  in  diagram  59,  has  one  of  the 
terminals  of  each  primary  and  secondary  brougnt  to  a  common  connec- 
tion, the  remaining  three  terminals  being  brought  to  the  main  line  and  the 
distributing  lines.  The  advantage  of  the  star  connection  over  the  delta  con* 
neetion  is.  that  for  the  same  transmission  voltage  each  transformer  is  wound 
for  only  6i3%  of  the  line  voltage.  In  hlgh-voltase  transmission  this  admiti 
of  much  smaller  tranftformers  being  bmlt  for  higb  potentials  than  Is  possi- 
ble with  the  delta  oonneotion. 


I 
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iMform^n  for  Atopplnr  Up  and 
DUtiABCo  TnuMmljMlon. 


*K  *^"L®"  ^2  61,  and  62  show  diagramraatically  the  connectious  for  adaptins 
tnreo-phaae  transmission  to  quarter-phase  generators,  with  iuterohaxureable 
and  nou-lnterchangeable  transformere.  — ~hi 
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Fio.  60.     Changing  Ouartei^Phase  to  Three-Phase, 
Non-Interchangeable  Step-up  Transformera. 
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Fio.  61.  Changixiff  Quarter- 
Phase  to  Three-Pnase,  and 
back  to  Quarter.Phase. 
All  Transformers  Inter- 
changeable. 


Fig.  62.  Cbaugins  Quarter- 
Phase  to  Three-Phase.  All 
Step-up  Transformers  Inter- 
changeable. 
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A  rotary  oonyerter  woimfl  for  8l:it-4)hAse  has  a  ffreater  oapaoity  for  work 
than  the  same  machine  wound  for  three-phase.  Three-phase  transmission, 
however,  Is  Tory  economical,  and  in  Fies.  63  and  M  is  shown  a  diacrram  by 
which  six  phases  can  be  obtained  from  three  phases  by  the  ose  of  only  three 
transformers. 

Each  transformer  has  two  secondanr  coils.  One  secondary  of  each  trans- 
former is  flntoonneoted  into  a  delta,  tnen  the  remaining  secondary  coils  are 


Wvwv\wv  wwwwvw  UvvwwwJ 
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Six- Phase  A 


Figs.  63  and  64.    Three-Phase  to  Six-Phase  Connection. 


connected  up  into  a  delta,  but  in  the  reTerse  order  of  the  first  delta.  This 
is  an  equiralent  of  two  deltas,  one  of  which  is  turned  180°  from  the  other. 
In  the  diagram  ABC  represents  one  delta,  and  DBF  the  other. 


Fio.  66.    Diagrams  of  <%nneetions  for  Changing  from  Three-Phase  to 

Six-Phase. 

In  the  same  way  the  two  secondaries  can  be  connected  up  T,  and  one 
7  turned  180°  to  obtain  six  phases.  The  disadvantage  of  x  connec- 
tion, howeyer,  is  that  in  case  one  transferrer  is  burned  out,  it  Is  not  possi- 
ble to  continne  mnnlng,  as  can  be  done  with  delta  oonnectlcms 
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Methods  of  CoMBoctlafr  T 
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Flo.  68.     Three-Phase  T* 
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Fio.  67.    Three-PlUM  A. 
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Fzo.  74.    Three  Transformert  Arranged  in  Inter-eonnected  Star,  OperaUng 
a  lliree-Phase  Rotary  Converter  on  a  D.  C.  Three- Wire  Byitem. 


TmmaU 


ler  Conaectl^aa* 


The  S<x>tt "  connection  is  used  a  great  deal  in  tranemisflione  and  dieur- 
bixtione  (See  Fig  75.)  One  tran«fonner  ie  designated  the  main,  and  the 
otiher  the  teaser.  Two  transformers  are  requireoT  TTbey  are  made  exactly 
luilce.  so  that  with  proper  connections  either  may  be  used  as  main  or  teaser. 
'Die  wiiKling  is  provided  with  a  50%  tap  and  with  taps  so  that  86.6%  of 
the  winding  may  be  used.  1-2-3  are  three-phase  voltage,  A-A'  one-phase, 
B-B*  the  other  of  the  two-phase  circuit.  Keference  to  the  small  diagram 
■hows  the  reason  for  using  86  6%  of  winding  of  one  transformer;  aiso  the 
"--—ity  lor  the  60%  tap. 
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Pio.  76. 


Fig.  76. 


Use  two  pairs  of  wattmeters,  each  pair  connected  to  one  of  the  thre»> 
phase  eireuits  as  shown  in  Fig.  76.  If^power  factor  is  less  than  60%  one 
meter  of  eaeh  pair  will  read  neMtive.  The  algebraioal  sum  of  the  read* 
ings  of  each  of  the  two  pairs  will  oe  the  result  required. 
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T  OR  A  OOMmBOTIOjr  OF  vMA.vmwomMJKMm. 

(F.  O.  BlAokwell.    Trans.  A.  I.  E.  E..  1903.) 
TnuMfon 


AMttminc  that  three  timnafonnera  are  to  be  uaed  for  a  three-phase  po 
transmission  and  that  the  potential  of  the  line  is  settled,  each  of  the  In 

fonnen,  if  oonneoted  in  Y,  must  be  wound  for  -7=  or  about  68  per  cent  of 

V3 

the  line  potential,  and  for  the  full  line  current.  If  oonneoted  in  A,  each 
transformer  must  be  wound  for  the  line  potential  and  for  68  per  cent  of  the 
line  current.  The  number  of  turns  in  the  transformer  winding  for  Y 
oonnection  is,  therefore,  but  68  per  cent  of  that  required  for  A  connection, 
to  avoid  eddy  current  losses  that  occur  when  the  cross  section  of  the  con- 
ductor is  too  large. 

The  Y  oonnection  requires  the  use  of  three  transformers,  and  if  any- 
thing goes  wrong  with  one  of  them  the  whole  bank  is  disabled.  With  the 
A  connection,  one  of  the  transformers  can  be  cut  out  and  the  other  two 
still  deliver  three-phase  power  up  to  86.6  per  cent  of  their  aggregate  capacity,  or 
60.6  per  cent  of  the  capacity  of  the  entire  bank. 


Fn>.  77.    St«p-down  Transformer  for  4000  Volt  Y  Distribation. 

Combined  three-phase  translormers  are  now  made  of  any  sise  and  are  prefer- 
ably Y  connected  on  the  high  potential  aide.         • 

C^rowadlng*  fhie  ]Ve«tr»L 

If  the  common  connection  of  transformers  joined  in  Y  Is  grounded,  the 
potential  between  windings  and  the  core  is  limited  to  68  per  oent  of  that 
of  the  line. 

Under  normal  conditions,  the  potential  between  any  conductor  of  a 
three-phase  transmission  circuit  and  the  ground  is  58  per  cent  of  the  line 
potential,  with  either  Y  or  A  oonnection,  but  the  neutral  may  drift  so  aa 
to  inoease  the  potential  with  an  ungrounded  system.    If  ona  bnaooh  ia 
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Fio.  78.      Step-down  Transformer  for  200  Volt  Y  Distribution. 

partly  or  completely  grounded,  the  potential  between  the  other  two  branches 
and  the  ground  is,  of  course,  increased  and  inay  be  the  full  line  potential. 
With  a  grounded  neutral  Y  system,  a  ground  is  a  short  circuit  of  the  trans- 
srs  on  the  grounded  branch,  and  the  transmission  beoomes  inoperaiiva. 
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From  the  point  of  view  of  safety  to  life  and  |K«vention  of  fine  this  is  a 
desirable  condition,  especially  if  the  low  tension  distribution  is  also  grounded. 
If  the  high  tension  circuit  makes  contact  with  the  ground  or  low  potential 
wystem,  it  can  be  immediately  cut  out  by  fuses  or  automatic  cireuit  breakers. 

The  difficulty  is  that  a  power  transmission  with  grounded  neutral  is 
likdy  to  be  frequently  shut  down  by  temporary  grounds,  such  m  would  be 
eaused  by  a  tree  blowmg  against  one  of  the  wires.  Even  if  the  circuit  is 
not  opened,  the  drop  in  the  pressure  due  to  the  sudden  "short"  on  the 
line  will  cause  synchronous  apparatus  to  fall  out  of  step* 


If  two  transfortnera  are  connected  in  series,  there  is  no  eertainty  that 
they  will  divide  the  potential  equally  between  them.  A  ssrstem  in  which 
all  the  electrical  apparatus-  is  connected  in  Y  has  somewhat  the  same  char- 
acteristics. The  neutral  may  drift  out  of  its  proper  place  and  there  will  be 
unequal  potentials  between  it  and  the  three  conductors  of  the  circuit,  due 
to  unequal  loading  and  differences  in  the  transformers  or  transmission  cir- 
cuits. Such  unbalancing  would  cause  unequal  heating  of  the  transformera. 
and  if  a  four-wire  three-phase  system  of  distribution  were  employed,  would 
eeriously  interfere  with  the  r^^ulation  of  the  voltage.  If  transformers, 
therefore,  have  Y  secondaries,  it  is  desirable  that  the  primary  should  be 
A  connected.  Two  systems  in  common  use  with  which  A  primary  wind- 
ings should  be  used,  are  shown  in  Figs.  77  and  78. 

JUa«  of  PotentlaL 

The  high  potential  windings  of  transformen  are  necessarily  of  hi^h 
reaetanee,  and  if  left  in  series  with  a  circuit  of  large  a^woity,  as  shown  in 
^gs.  79,  80, 81,  and  82,  the  leading  charging  current  flowing  over  the  reaot- 
anoe  may  set  up  extraordinarily  high  pressures.  Figs.  70  and  80  r^resent 
Y-«onneoted  banks  of  three  transformers  each  connected  so  as  to  cause  such 


Fio.  79. 


Fio.  80. 


a  rise  of  potential.  In  Fig.  79  the  primary  of  one  transformer  is  excited  by 
a  generator,  the  primary  of  the  other  two  transformers  being  open-circuited. 
In  Fig.  80  the  primary  of  one  transformer  is  opai-circuited.  the  otho*  two 
being  connected  to  the  generator.  Figs.  81  and  82  show  T-connected  banks 
of  two  tranaformen.  which  might  be  used  to  transform  from  either  two- 
phase  or  three-phaae  to  thre^Hphaae  or  vice  versa,  and  are  similar  in  action 
to  Fig.  79.  If  m  any  one  of  Figs.  79i  80,  81  and  82  the  secondaries  are  con- 
neetM  to  a  long  distance  transmission  circuit,  a  pressure  of  many  times  the 
normal  potential  will  beset  up  between  A  and  B.and  between B  and  C,  that 
between  A  and  C  not  bejng  affected. 

It  IB  theoretically  possibfe  for  a  potential  100  times  that  for  which  a  trans- 
former is  wound,  to  be  caused  by  opening  the  primary  switches  of  one  or 
more  of  the  transformers  of  a  bank  connected  in  Y  before  the  secondary 
•witches  are  used.  Actually,  the  current  jumps  across  the  insulation  at 
some  point  in  the  system  before  there  can  be  any  such  increase  in  pressure. 
If  there  are  a  number  of  banks  of  transformers  m  parallel,  this  phenomena 
cannot  occur  accept  when  all  but  one  bank  are  disoonneeted.  This  source 
of  trouble  coukl  be  obviated  by  employing  oil  switches  on  the  hii^  poten- 
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tial  side  which  diseonneot  the  line  before  the  low  teiuion  swHchei 
UMid,  or  by  triple  pole  switches  on  the  primary  which  open  all  three  branebes 
of  V.he  bank  of  transformers  at  once. 

The  selection  of  Y  or  A  connection  of  transformers  for  long  distance 


Fio.  81, 


Fig.  82. 


transmissions  should  only  be  determined  after  a  careful  consideraUon  of 
the  conditions  in  each  ease. 
There  is  little  cl»>ioe  between  Y  or  A  without  a  grounded  neutral. 

NoTS.  —  For  further  information  on  this  subject  fsee  discussion  on  this 
paper  in  Proceedings  of  A.  I.  E.  £.  for  1903. 
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(By  P.  D.  Wagoner.) 

A  detailed  idea  of  the  operation  of  the  mercury  arc  rectifier  drouit  may 
be  obtained  from  Fig.  83.  Assume  an  instant  when  the  terminal  H  of  the 
supply  transformer  is  positive,  the  anode  A  is  then  positive  and  the  arc  is 
free  to  flow  between  A  and  B,  B  being  the  mercury  cathode.     Following 

the  direction  of  the  arrows  still  further  the 
I  current  passes  throiuh  the  load  J,  through 

the  reactance  coil  £  and  back  to  the  nega* 
tive  terminal  O  on  the  transformer.  A  little 
later,  when  the  impressed  electromotive 
force  falls  below  a  value  sufficient  to  main- 
tain the  arc  against  the  counter  eleetio- 
motive  force  of  the  arc  and  load*  the 
reactance  £,  which  heretofore  has  been 
ofayarging,  now  discharges,  the^  dischaige 
current  being  in  the  same  directicm  as 
formerly,  l^s  serves  to  maintain  the  arc 
in  the  rectifier  until  the  electromotive  force 
of  the  supply  has  passed  through  sero. 
iOvuiBcm  and  builds  up  to  such  a  value  as 
to  cause  A*  to  have  a  eufiSdently  positive 
vidue  .to  start  an  arc  between  it  and  the 
mercury  cathode  B,  The  discharge  circuit 
of  the  reactance  coil  E  is  now  through  the 
arc  A'B,  instead  of  through  its  former 
circuit.  Gonsequently  the  arc  A'B  is  now 
supplied  with  current,  partly  from  the  trans- 
former and  partly  from  the  reactance  coil  B. 
The  new  arcuit  ^m  the  transformer  ia 
indicated  by  the  arrows  inclosed  in  drdea. 
The  amoimt  of  reactance  inserted  in  the 
circuit  reduces  the  pulsations  of  the  direct 
current  sufficientlv  for  all  ordinary  com- 
advisable  to  still  further  reduce  the  ampU- 


t 
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Fm.88.  Rectifier  Connections 
Shown  Diagrammatically. 


merdal  purposes.     Where  it  is .-  

tude  of  the  pulsations,  as.  for  instance,  in  telephone  work,  this  is  done  with 
very  slight  reduction  in  efiidency  by  means  of  reactances. 
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OUTFITft. 


Th«M  outfits  ara  a  derdopment  of  the  oonrtant  ounent  tn&flfoniMi 
adapted  for  um  with  the  meroury  reetifier,  reoeiving  alternating  eurrent  at 
a  conatant  potential,  and  delivering  a  oonstant  direot  eurrent.    By  a  apada) 


,  OQQQPQQQQQfl  11  OQOOQMQflQP . 


Vto.  M  and  Vto.  flk    Dfagrams  of  WettingliouM  Meroury  Are  Beettfler. 

arrancement  of  coils  the  usual  sustaining  reactance  is  omitted,  rMultina 
in  reduced  floor  space  and  an  improved  efficiency.  A  boiler  iron  tana 
with  cast  iron  cover,  two  alternating  currents  and  two  direct  currents  leads, 
deeeribes  the  simple  and  rugged  appearance  of  an  outfit.     (See  Fig.  84.) 

The  connections  (Fig.  85)  explain  the  operation.  P-P  and  SS  are  respeo- 
tivebr  the  primary  aind  secondary*  ST  the  starting  transformer,  R  the 
reeCiner,  and  A  the  auxiliary  coil  for  exciting  the  starting  tranafoimer. 


. 

,1 

1 

■ 
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r 

Pn.  M. 

The  outfit  !■  started  by  tipping  the  bulb,  causing  a  spark  between  the 
tenninab  of  the  startixig  transformer  as  the  current  path  through  the 
mercury  is  interrupted.  This  breaks  down  the  high  resistance  of  the  nega- 
tive deetrode  and  permits  the  establishment  of  the  direct  current. 

Hie  bulb  is  carried  in  a  box  wliich  is  easily  slid  in  or  out  between  guides 
to  the  bottom  of  the  containing  tank,  thus  making  the  bulb  replacement  a 
matter  of  but  a  few  moments. 

Simple  variable  weid^ts  permit  of  adjusting  the  transformer  so  as  to 
deliver  its  exact  rated  direot  current  (Fig.  86),  at  all  loads. 

The  power  factor  at  full  load  averages  over  70  per  cent  and  the  efficiency 
wen  over  90  per  cent  f<w  all  siaes  of  rectifier  outfits.  These  are  regulariy 
buflt  in  25,'  85.  50,  75  and  100  light  capacities,  either  35  or  60  cycies,  for 
8200  v..  tiOO  v..  11.000  v.,  and  18,a00y.  circuits. 
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_  In  secondary  preMnre  not  to  eze«ed  3  %  between  no  load  and  f  nil 
load. 

RiMe  •f  temperature  after  10  hours*  run  under  full  load,  7(P  F. 
(about  40°  C). 


be 
nrement 

]Mar«vttTe  atreafrtk  of  inavlattoii  after  full-load  mn,  between 
oolla  and  between  primary  coil  and  iron,  at  least  10  times  the  primary  toH- 
age.  Insulation  resistance  to  be  not  less  than  10  megohms,  and  guaranteed 
not  to  deteriorate  with  reasonable  service. 

KoTs.  —  See  prerious  matter  as  to  test  voltage. 

Excltlnii*  cvirent  for  1000- volt  transformers  not  to  exceed  values 
given  In  the  above  table,  when  the  frequency  is  above  100.  The  exciting 
current  increases  as  the  frequencv  decrecues,  and  varies  inversely  as  the 
voltage.    For  intermediate  capacities  proportional  values  may  be  expected. 

He  further  says :  "  Transformers  tchich  do  not  meet  the  insukUion  and  heat- 
ing gyaranHes  are  unsafe  to  rise  upon  commercial  electric  lighting  and  motor 
circuits,  while  those  whxchdo  not  meet  the  iron  loss,  regulation,  and  exciting 
current  guaranties  waste  the  company*s  monty." 

The  characteristics  of  a  transformer,  to  be  determined  by  tests,  are  as 
follows : 

(1)  Insulation  strength  between  different  parts. 

(2)  Core  loss  and  exciting  current. 

(3)  Besistances  of  primary  and  secondary  and  PR, 

(4)  Impedance  ana  e<9per  kMS,  direct  measurement. 

(5)  Heatinff  and  teuipeiatuf  liM. 

(6)  Batio  ca  voltages. 

<7)  Regulation  and  efficiency,  which  may  be  ealeulated  ftrom  the  results 
of  tests  (2),  (3),  and  (4),  or  may  be  determined  directly  by  test. 

(8>     Polarity. 

The  instruments  required  to  make  these  tests  should  be  selected  for  each 
particular  ease,  and  eonsist  of  ammeters,  voltmeters,  and  indicating  watt- 
metera. 

For  centra]  station  work,  the  following  instruments  will  suffice  for  nearly 
any  case  which  may  come  up  in  ordinary  practice. 

A.  O.  Voltmeter,  reading  to  160  volts,  and  with  multiplier  to  say  9600  volts. 

A.  G.  Ammeter,  reading  to  160  amperes,  with  shunt  multiplier  if  necessary 
to  carry  the  greatest  output. 

Indicating  wattmeter,  reading  to  160  or  900  watts. 

NoTK. — For  full  data  and  examples  of  transformer  testing,  see  pamphlet 
No.  8128,  "  Transformer  Testing  for  Central  Station  Managers,*^  by  Gen- 
eral Electric  Ck>mpany,and  Westinghouse  Pamphlet  No.  TOSS. 

Inavlatloa  Teat* 

This  is  the  simplest  and  most  important  test  to  be  made,  for  the  reason 
that  one  of  the  principal  functions  of  a  transformer  Is  its  ability  to  thor- 
oughly and  effectually  insulate  the  secondary  circuit  ftom  the  primary 
circuit. 

Tests  of  the  insulation  of  praotieallj  all  high-potential  apparatus  are  now 
carried  out  by  high  pressnre,  rather  tnan  by  test  of  the  insulation  resistance 
by  galvanometer.  Some  insulations  will  show  a  very  high  test  by  galva- 
nometer, but  wiUfailentirely  under  test  with  a  voltage  much  exceeding  that 
at  whlen  it  is  to  be  used.  On  the  other  hand,  It  Is  not  uncommon  to  And 
insulation  such  that,  while  the  galvanometer  tests  show  low  resistance,  It 
will  not  break  down  at  all  under  the  ordinary  voltages.  For  this  reason,  It 
ia  common  practice  among  manufacturers  of  transformers  to  apply  a  mod- 
erately high  voltage,  from  two  to  three  times  the  working  voltage,  for  a 
abort  period,  usually  about  one  minute. 

The  Committee  on  Standardisation  of  the  A.  I.  E.  E.  has  given  certalB 
voltages  which  they  recommend  to  be  used  In  the  testing  of  anelectrical  ap- 
paratus, and  the  tables  and  methods  of  application  for  the  testing  of  trans- 
fosmers  will  be  found  in  paragraphs  Nos.  917  to  221,  both  inclusive  in  tue 
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tha  potential  up  tc  the  daalrad  pouit  by  Tarylng  the  rbeoalat.    II  the  ioante 
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tton  be  weak  or  defective,  it  will  be  impoetible  to  obtain  a  high  voltage 
acroes  it,  and  an  ezceaeive  charging  current  will  be  Indicated  by  the  am- 
meter. 

Inability  to  obtain  the  desired  potential  aeroas  the  insulation  may  be  the 
result  merely  of  large  electiostatlc  capacity  ot  the  insulation  and  the  oonse* 
qnent  high  charging  current  required,  su  that  the  high  potential  trans- 
former may  not  be  large  enough  to  supply  this  current  at  the  voltace 
desired.  ^ 

A  breakdown  in  the  insulation  will  result  in  a  drop  in  voltage  indicated 
by  the  electrostatic  voltmeter,  an  excessive  charging  current,  and  the  burn- 
ing of  the  insulation  if  the  discharge  be  continued  for  any  length  of  time. 
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In  taking  measurements  of  core  loss  and  exciting  current,  the  instnimenta 
required  are  a  wattmeter^  voltmeter,  and  ammeter. 

One  of  the  two  following  described  methods  for  connecting  up  the  instru- 
ments is  usually  employed,  although  several  others  might  be  shown.  These 
methods  differ  only  in  the  way  of  connecting  up  the  instruments,  and  are  as 
follows : 

Metliod  1.  — The  voltmeter  and  pressure  coil  of  the  wattmeter  are  con- 
nected directly  to  the  terminals  of  the  test  transformer.  When  the  pressure 
of  the  voltmeter  is  at  the  standard  voltage  the  reading  of  the  wattmeter  will 
be  the  core  loss  in  watts.  It  is  evident  from  an  inspection  of  diagram  88 
that  the  wattmeter  will  indicate,  in  addition  to  the  watts  consumed  by  the 
test  transformer,  the/*il{  or  copper  loss  in  both  the  pressure  coil  of  the 
wattmeter  and  voltmeter.  This  error,  however,  being  constant  for  any 
pressure,  is  easily  eorreeted.  This  method  is  very  good  lor  accurate  results, 
and  where  the  quantities  to  be  measured  are  small  it  is  most  desirable. 
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Fio.  89.    Gore  Loss  (Method  1). 

••—The  current  colls  of  the  wattmeter  are  inserted  between 
a  terminal  of  the  test  transformer  and  the  terminal  of  the  voltmeter  and 
pressure  coil  of  the  wattmeter  (see  diagram  90).  In  this  method  the  error 
Introduced  is  the  I*Ji  loss  in  the  current  coil  of  the  voltmeter.  This  is  a 
very  much  smaller  error  than  in  Method  1,  but  does  not  allow  of  an  easy  or 
accurate  correction,  and  the  results  obtained  by  it  must,  therefore,  be  taken 
without  correction.  For  this  reason  Method  2  is  more  convenient,  and  for 
the  measurement  of  large  core  losses,  and  for  commercial  purposes,  it  is 
sufflciently  accurate. 
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FlO.  90.    (^re  Loss  (Method  2). 

Core  losses  and  exciting  current  should  be  measured  from  the  low-poten- 
ttal  side  of  the  transformer  to  avoid  the  introduction  of  high  voltage  in  the 


teat. 
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In  an  ordinary  commercial  transformer,  a  given  core  loss  at  00  cycles  may 
e<»uist  of  70  per  cent  hysteresis  and  30  per  cent  eddy  current  loss,  while  at 
125  cycles  the  same  transformer  may  have  66  per  cent  hysteresU  loss  and  46 
per  cent  eddy  current  loss. 


J 
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The  core  loss  Is  also  dependent  upon  the  ware  form  of  the  impressed 
E.M.F.,  a  peaked  wave  giving  somewhat  lower  core  losses  than  a  flat  wave. 
It  is  not  uncommon  to  find  alternators  having  such  a  peaked  wave  form 
that  the  core  loss  obtained,  if  the  transformer  Is  tested  with  oorrent  from 
them,  will  be  5  per  cent  to  10  per  cent  less  than  that  obtained  if  the  trans- 
former is  tested  from  a  generator  giving  a  sine  wave.  On  the  other  hand, 
generators  are  sometimes  obtained  which  have  a  verv  flat  wave  form,  so 
that  the  core  loss  obtained  will  be  greater  than  that  oDtatned  from  the  use 
of  a  sine  wave. 

The  magnitude  of  the  core  loss  depends  also  npon  the  temperature  of  the 
iron.  Both  the  hysteresis  and  eddy  current  losses  decrease  slightly  as  the 
temperature  of  the  iron  increases.  It  is  well  known  that  if  the  temper»> 
ture  be  increased  sufficiently,  the  hysteresis  loss  disappears  almost  entirelv, 
and  since  the  resistance  of  iron  increases  with  the  temperature  the  eday 
current  losses  necessarily  decrease.  In  commercial  transformers,  an  iiH 
orease  in  temperature  of  40°  G.  will  cause  a  decrease  in  core  loss  of  from  6 

CiT  cent  to  10  per  cent.    An  accurate  statement  of  core  loss  thus  neoeeai- 
tes  that  the  temperature  and  wave  form  be  specified. 
If,  in  the  measurement  of  core  loss,  the  product  of  impressed  volts  and 
excitation  current  exceeds  twice  the  measured  watts,  there  is  reason  to 
suspect  poorly  constructed  magnetic  Joints  or  higher  iron  densities  than  are 
allowabto  in  a  well-designed  transformer. 

]M[esMar«nt«Bt  of  Re»l«*iaBc«. 


Besistanoe  of  the  coils  can  be  measured  by  either  the  Wheatstone  Bridge 
or  Fall  of  Potential  Method. 

For  resistances  below  one  or  two  ohms  it  is  generally  more  accurate  to  we 
the  Fall  of  Potential  Method. 

Resistances  should  always  be  corrected  for  temperature,  common  prac- 
tice being  to  correct  to  20°  centigrade.  For  pure  soft-drawn  copper  this  cor- 
rection is  .4  %  per  degree  centi^ade.  Readings  should  be  taken  at  several 
different  current  values,  and  the  average  value  of  all  the  readings  will  be 
the  one  to  use.    (See  Index  for  correction  for  rise  of  temperature.) 

Having  obtained  the  resistance  of  the  primary  and  secondary  coils,  the 
PR  of  both  primary  and  secondary  can  be  calculated ;  the  sum  of  the  two 
being  (very  nearly)  equal  to  the  copper  loss  of  the  transformer.  If  it  is 
preferred  to  measure  the  copper  loss  directly  by  wattmeter,  then  we  must 
make  test  No.  4. 

The  fall  of  potential  method  is  subject  to  the  following  sources  of  error : 

(1)  With  the  connections  as  ordinarily  made  the  ammeter  reading  Includes 
the  current  in  the  voltmeter,  and  in  order  to  prevent  appreciable  error  the 
resistance  of  the  voltmeter  must  be  much  greater  than  that  of  the  resistance 
to  be  measured.  If  the  resistance  of  the  voltmeter  be  1000  times  greater,  an 
error  of  ^  of  1  per  cent  will  be  introduced,  while  a  voltmeter  resistance  100 
times  the  coil's  resistance  will  mean  the  Introduction  of  an  error  of  1  per 
cent.  Correction  of  the  ammeter  reading  obtained  in  (3)  may  thus  become 
necessary,  but  whether  or  not  it  be  essential  will  depend  ui)on  the  accuracy 
desired.    (See  example  below.) 

(2)  The  resistance  of  the  voltmeter  leads  must  not  be  sufficient  to  affect 
the  reading  of  the  voltmeter.  ^ 

(3)  Since  the  resistance  of  copper  changes  rapidly  with  the  temperature, 
the  current  used  in  the  measurement  should  oe  small  compared  with  the 
carrying  capacitv  of  the  resistance,  in  order  that  the  temperature  may  not 
change  appreoiaoly  during  the  test.  If  a  large  current  Is  necessary,  read- 
ings must  be  taken  quickly  in  order  to  obtain  satisfactory  results.    If  a 

{gradual  increase  in  drop  across  the  resistance  can  be  detected  within  the 
ength  of  time  taken  for  the  test,  it  is  evident  that  the  current  flowing 
through  the  resistance  is  heating  it  rapidly,  and  is  too  large  to  enable  accu- 
rate measurement  of  resistance  to  be  secured. 

It  is  quite  possible  to  use  a  current  of  sufficient  strength  to  heat  the  wind- 
ing so  rapidly  as  V>  cause  it  to  reach  a  constant  hot  resistance  before  the 
measurement  is  taken,  thus  introducing  a  large  error  in  the  results.  Great 
care  should  be  taken,  therefore,  in  measuring  resistance  to  avoid  the  use  of 
more  current  than  the  resistance  will  carry  without  appreciable  heating. 

(4)  Considerable  care  Is  necessary  to  determine  the  temperature  of  the 
winding  of  the  transformer.  A  thermometer  placed  on  the  outside  of  the 
winding  indicates  only  the  temperature  of  the  exterior.    The  tranaformer 
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■hoold  be  kept  in  a  room  of  ooiMteiit  temperature  for  many  hours  in  order 
that  the  windings  may  reach  a  uniform  temperature  throughout.  The 
surface  temperature  may  Uien  be  taken  as  indioatiye  of  tliat  of  the  interior. 

Jipedance  mmA  Copper-Iioea  Teat. 


1.  —  In  this  method,  which  was  first  des<^bed  by  Dr.  Sumpner, 
the  secondary  coil  is  short-circuited  through  an  ammeter.  A  wattmeter 
and  a  Toltmeter  are  connected  up  in  the  primary  circuit  in  a  manner  similar 
to  either  of  the  two  methods  described  for  the  core-loss  test.  An  adjustable 
resistance  or  other  means  for  varying  the  impressed  Toltage  is  placed  in 
aeries  with  the  primary  circuit. 

To  make  the  test,  the  voltage  is  raised  gradually  until  the  ammeter  shows 
that  normal  full-load  current  is  fiowing  through  the  secondary  circuit. 
Readings  are  then  taken  on  the  wattmeter  and  voltmeter. 

This  method  of  measuring  the  impedance  and  eopper  loss  of  a  transformer 
is  now  seldom  used,  on  account  of  the  liabilitv  to  error  due  to  the  insertion 
of  the  ammeter  in  the  secondary.  In  addition  to  being  inaccurate,  it  usu- 
ally requires  an  ammeter  capable  of  measuring  a  very  heavy  current. 

Metliod  2.—  This  method  differs  from  Method  1  only  in  that  the  see- 
ondary  is  short-circuited  directly  on  itself,  an  ammeter  being  inserted  in  the 
primary  circuit.  The  diagram  of*  connections  is  shown  in  Fig.  9L  In  con- 
necting up  the  voltmeter  and  the  potential  coil  of  the  wattmeter,  the  same 
eorrections  hold  as  in  the  measurement  of  core  loss  and  exciting  current, 
and  oonneotions  made  according  to  whether  accuracy  of  results  or  simplicity 
of  test  is  the  more  imporant. 


WATTMrrU 


Fio.  91.   Impedance  Test  with  Wattmeter. 

Having  the  readings  of  amperes,  volts,  and  watts,  we  obtain  from  the 
Unit  two  the  impedance  of  the  transformer.  This  impedance  is  the  geo- 
metrical sum  of  the  resistance  and  reactance,  and  is  expressed  algebraically 
as  follows :  

»=ViP4.(a»nX)«» 

where  a  =  Impedance, 

A=  Resistance, 

X  =  Coefficient  of  self-induction, 

/  =  Current  in  amperes, 

H  =  Frequency  in  cycles  per  second, 

2ir  n  Z  =  reactance  of  the  circuit. 

In  a  test  on  a  transformer  with  secondary  short-circuited  as  in  Fig.  91 

above,  and  primary  connected  to  9000  volts,  the  impedance  volts  were  97  at 

fall-load  pximary  current  of  2J5  amperes,  then 

97 
Impedance  =  ^  r=  38.8  ohms, 

and 

97  X  100 
Impedance  drop  =  —aAner~  =  *'®  P®'  **ot. 

The  reading  on  the  wattmeter  indicates  the  combined  HR  of  the  primary 
and  seoondary  coils,  and  iu  addition  includes  a  very  small  core  loss,  which 
can  be  neglected,  an<i  an  eddy  current  loss  in  the  conductors. 

In  standard  l^htlng  transformerp,  the  impedance  voltage  varies  from 
2  per  cent  to  8  per  cent.  In  making  this  test,  careful  record  of  the  fre- 
quency should  be  made,  as  the  impedance  voltage  will  vary  very  nearly 
with  tne  frequency. 
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Fio.  93. 


Figures  02  and  93  show  a  method  of  loading  three-phase  transformerb 
for  heat  test* 
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Heat  TmuU, 

To  test  the  transformer  for  its  teraperatare  rise,  it  is  necessary  to  nm  it 
at  fait  excitation  and  full-load  current  for  a  certain  length  of  time.  An 
eight-hour  run  at  full  load  will  usually  raise  the  temperature  to  its  highest 
point,  and  In  the  case  of  lighting  transformers  a  full-load  run  rery  seldom 
continues  longer  than  eight  hours  in  practice.  If  it  is  desired  to  find  Just 
vhat  is  the  final  temperature  rise  under  full  load  (as  is  often  the  case  with 
transformers  for  power  worlc)  the  transformer  can  be  operated  for  two  or 
three  hours  at  an  overload  of  about  25  %,  after  which  tne  load  should  be 
reduced  to  normal,  and  the  run  continued  as  long  as  may  be  necessary. 

There  are  several  methods  for  making  heat  runs  of  transformers,  and  all 
of  them  approximate  the  condition  of  tne  transformer  in  actual  serrice. 

JHeaat  Trsf,  Ketkofl  1.  —  The  primary  is  connected  to  a  circuit  of 
the  proper  voltage  and  frequency,  and  the  secondary  loaded  with  lamps  or 
resistance  until  full-load  current  is  obtained.  The  temperature  of  all  acoes- 
sible  parts  should  be  obtained  by  thermometer,  and  the  temperature  rise 
of  the  coils  determined  by  increase  of  resistance.  Frequent  readings  should 
be  taken  during  the  run  to  see  to  what  extent  the  transformer  is  heating. 

Heat  Teat,  IHetlsed  9.  —  Where  the  transformer  is  of  large  size,  or 
sulBcient  load  is  not  obtainable,  the  motor  generator  method  of  heat  test  is 
IH^eferable.  Two  transformers  of  the  same  voltage,  capacity  and  frequency 
are  required;  and  are  connected  up  as  shown  in  Fig.  84. 


-VMM  VOLTAOK  TO  M  A^MOX.  TWICC  THI 
WWDKMICg  VOLTAflC  Or  lACH  TMAMFOMilR^ 
JT  MWT  M  AOJUrrCS  UNTIL  rVLL  UMO 
CMSWTJtO*'*  Hi' 


TUM  VOLTMI  TO  m  THAT  Of  TMK 
•tOONOARV  OriAON 


FlO.  94. 

The  two  secondaries  are  connected  in  parallel,  and  excited  from  circuit 
A  at  the  proper  voltage  and  frequency.  The  two  primaries  are  connected 
in  series  tn  such  a  way  as  to  oppose  each  other. 

The  resultant  voltage  at  B  -will  be  zero,  however,  because  the  voltage  of 
the  two  primaries  is  equal  and  opposite.  Any  voltage  impreftsed  at  B  will 
thus  cause  a  current  to  flow  independent  of  the  exciting  voltages  at  the 
transformer  terminals,  and  approximately  twice  the  impedance  voltage  of 
one  transformer  will  cause  full-load  current  to  flow  through  the  primaries 
and  secondaries  of  both  transformers. 

The  total  energv  thus  required  to  run  two  transformers  at  f uU  load  is 
merely  the  l<jS8ee  in  the  iron  and  copper.  Circuit  A  supplies  the  exciting 
eurrent  and  core  losses,  and  circuit  B  the  full-load  current  and  copper 


IHesit  Tefft,  Hetliodl  3. —When  only  one  transformer  is  to  be  tested, 
and  this  transformer  is  of  large  capacity,  a  modification  of  the  motor  gen- 
erator method  can  be  used  as  described  below : 

This  method  was  first  used  in  testing  an  890  k.w.  25-cycle  transformer  made 
for  the  Carborondum  Company  of  x^lagara  Falb.  The  connections  are 
shown  In  Fig.  95. 

Both  primary  and  secondary  windings  are  divided  into  two  parts,  the  pri- 
mary colls  X  and  y  being  connected  in  multiple  to  the  djmamo  circuit,  out 
an  auxiliary  transformer  capable  of  adding  a  few  per  cent  E.M.F.  to  that 
half  of  the  primary  is  connected  as  shown  in  the  y  naif. 
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TeBi|»«ratar«  Mtoe. 

To  asoertaln  the  temperature  rise  of  the  different  parts  of  a  transformer, 
thermometers  arepla^Ml  on  the  yarious  parts,  and  readings  taken  at  fre- 
qoent  interrals.  Tliese  readings,  however,  indicate  only  the  surface  tem- 
perature oi  a  body  and  not  the  actual  internal  temperature. 

The  areraffe  rise  of  temperature  of  the  windings  oan  be  more  aceurateW 
determined  dt  means  of  the  increase  of  resistance  of  the  conductor,  and 
Is  determined  by  knowing  the  resistances  hot  and  cold. 

Let  Be  =  resistance  of  one  coll,  cold. 

Bk  =  resistance  of  one  coil,  hot. 
T«  =  temperature  of  one  coil  in  cent,  degrees,  cold. 
Th  =5  temperature  of  one  ooil  in  cent,  degrees,  hot. 
K  zs  temperature  of  coeiBoient  of  copper  .00*.  • 

^*- -MR 

This  equation  Is  based  on  the  assumption  that  the  resistance  of  pure  cop- 
per increases  .4  %  of  its  ralue  at  zero  for  erery  degree  centigrade  rise  m 
teinporature. 

II  it  be  desired  to  know  the  temperature  rise  of  both  ivrimary  and  seoond- 
arr  ooils,  their  hot  and  cold  resistances  must  be  determined  separatelv ;  but 
it  IS  customary  to  determine  the  temperature  rise  by  resistance  of  only  one 
ooQ,  usually  the  primary,  and  comparing  the  secondary  temperatures  by  the 
thermometer  measurements.  The  method  for  taking  these  measurements 
is  described  in  the  paragraph  in  this  section  on  measurement  of  resistance. 


As  a  cheek  asalnst  possible  mistakes  In  winding  the  colb  and  connecting 
up.  a  test  should  be  made  for  ratio  of  Toltages. 

The  ratio  test  is  made  at  a  fractional  part  of  the  full  Toltago  at  no-load 
current,  and  should  not  be  substituted  for  a  regulation  test.  An  error  of  one 
or  two  per  cent  is  quite  admissible  in  making  this  test,  because  of  its  being 
taken  at  partial  Toltages. 

IsiM^M. 

The  regulation  of  a  transformer  can  be  determined  either  by  direct  meas- 
nrement  or  by  calculation  from  the  measurements  of  resistance  and  reac- 
tance  in  the  transformer.  Since  the  regulation  of  any  commercial  trans- 
former is  at  the  most  but  a  few  per  cent  of  the  impressed  voltage,  and  as 
errors  of  observation  are  verv  liable  to  be  fully  one  per  cent,  the  direct 
method  of  measuring  regulation  is  not  at  all  reliaole. 


Isitl^a  by  IMrcct  BKi 


Its. 


Connect  up  the  transformer  with  a  fully  loaded  secondary,  as  in  Fig.  97. 
If  the  primary  voltage  is  very  steady,  voltmeter  No.  2  only  will  be  neces- 
sary, but  it  is  better  to  use  one  on  the  primary  circuit  also  as  shown.     A 


Jim 


Hffi. 


Fio.  97.   Test  for  Begulaiion  of  Transformer. 

reading  of  voltmeter  No.  2  is  taken  with  no  load,  and  again  with  load,  the 
difference  in  the  two  readings  being  the  drop  in  voltage  on  the  secondary. 
We,  therefore,  have, 

«  T>       I*-  -inrk      /1 00  X  Reading  at  full  load"v 

%  Relation  —  100  -  ( tz — p ^ i >- 

\         iteoding  at  no  Ioims       / 
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Sereral  xnethodg  of  oaloulating  the  regnlation  of  transformen  from 
moMiiremento  of  retlstance  and  reactive  drop  have  been  deTlsed. 

Below  U  a  method  of  Mr.  A.  &.  Everest,  wnieh  has  been  found  to  aasYl 
the  reqairements  of  daily  nse. 

Let  IR  —  Total  resistance  drop  In  transformer  expressed  as  per  eent 
rated  voltage. 
IX  «  Reactive  drop,  similarly  expressed. 
P  «  Proportion  of  energy  current  in  load  or  power  factor  of  load.  Fof  | 

non-indootive  load  P  ^  1. 
W  —  Wattless  factor  of  primary  current. 

•  (With  non-indnctlve  load,  W  —  Magnetising  current  expres 
a  fraction  of  full-load  current.    With  inductive  load,  W  —  Wat^l 
less  component  of  load,  plus  magnetising  current.) 

Then  if  volts  at  secondary  terminals  «  100%, 
Primary  voltage  — 


JP-  V(ioo  +  PJR  +  fF/jr)«+  (/^)». 

^-  V  (100  +  PIR  +  WlXy^  +  {PIX  -  WIR^, 

In  each  of  these  equations  the  last  expression  within  parentheses  repre> 
sents  the  drop  "  in  quadrature." 

The  magnetizing  current  «  y  (Exciting  current  j  —  (  y  u^„  ')  • 

For  frequencies  of  60  cycles  or  higher,  magnetizing  current  may  be  taken 
as  76  per  cent  of  the  exciting  current. 

Extracting  the  square  root  in  the  expression  for  regulation  may  be 
avoided  in  tue  use  of  the  following  table : 


Quadrature  Drop. 

Increase  in  Primary  Voltage. 

2.6  per  cent. 
3       "     »• 

3.6    ••     «• 

.026 

.04 

M 

per 
11 

II 

cent. 
II 

fi 

4 
4JS 

It 

II 
11 

.06 
.10 

41 

M 

« 
(1 

S 
5Z 

«« 

11 

«i 

II 

.18 
.16 

l« 
«l 

M 

6 
6.6 

II 
II 

II 
II 

.18 
.81 

II 
l« 

It 
«4 

7 
7.6 

II 
•1 

II 

II 

.2i 
J27 

II 
l< 

It 
l( 

8 
8.6 

II 
II 

II 

II 

.31 
.36 

11 
1* 

II 
II 

9 
9Z 

II 
II 

i< 
II 

.38 
.46 

14 
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II 

II 

10 

II 

II 

.60 

l« 

II 
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Am  an  example,  take  a  2  k.w.  transformer  haying  the  following  loieee: 

/i7drop-2%. 
IX  drop  ^  '6J6%. 

E«zc!tlng  eurrent  —  4%  or  jM  ;  then  magnetising  current  —  75%  of  this, 
»r  .OS. 


"M..  H«M-IJMl«ctiT«  X<*a4.— Secondary  voltage*  100%. 
Primary  voltage  in  phase  -  100  +  2%  +  (.03  x  3.6%)  -  102.1% 
Qnadrature  drop  —  3.6% ;  this  from  table  adds  .09%  of  total  primary  Tolt- 


2  16 
The  drop  is  2.16%  of  secondary  voltage,  or     '  --  —  2.11%  of  primary  volt- 

10Sc.IO 

,  which  is  the  trae  regulation  drop. 

9.  lBil«ctiT«  li^ad.  — With  a  power  factor  of  M,  wattless  factor  of 
load  «-  Jif  and  adding  magnetising  current  (which  in  most  cases  might  be 
neglected  on  inductive  load),  W  becomes  JB2. 

The  primary  voltage  in  phase  is  now  100%  +  (2%  X  .86)  +  (3.5  X  .62) 
*  108.54%. 

The  quadrature  drop  is  (.86  X8Ji%)- (.52X2%) -1.07. 
'  From  the  table  1.07%  adds  .02%  to  primary  voltage  or 

103.54  +  .02%  -  108.56W 

Primary  voltage  —  103.56 

8.56 
Regulation  drop  —  j^Tra *  8.43%  of  primary  voltage.    Regulation  drop 

flhould  always  be  expressed  finally  in  to^ns  of  primary  voltage. 

The  above-described  methods  of  transformer  testing  are  in  use  by  one  of 
the  large  manufacturers,  and  present  average  American  shop  practice. 

The  loUowing  matter  is  largely  from  the  important  paper  by  Mr.  Ford 
and  presents  the  commonest  theoretioal  test  methods. 


The  efficiency  of  a  transformer  is  the  ratio  of  its  net  power  output  to  its 
OSS  power  input,  the  output  being  measured  with  non>inductive  load, 
le  power  input  includes  the  output  together  with  the  losses  which  are  as 
follows: 

(1)  The  core  loss,  which  is  determined  by  test  at  the  rated  frequency  and 
voltage. 

(2)  The  P  B  loss  of  the  primary  and  the  secondary  calculated  from  their 
resistances. 

BxAssple. 

Transformer,  Type  H,  00  Cycles,  6  k.w.,  1000-2000  Volts  Prim.,  100-200 
Volts  Sec. 


Primary,  at  2000  volts 2Z 

Secondary,  at  200  volts 26 

Besistaxos.  Ohms  at  90°  O. 

Primary 10.1 

Secondary     .......' 0.067 

At  Fall  Load. 

Losses.  Watts. 

Primaryi«i7 63 

Secondary /*  iZ 42 

Total  PB 106 

(X>reLo8s 70 

Total  Loss 175 

Output  at  Full  Load 6000 

Input     "      "       " 6176 

Efficiency 6000/6176  or  96.6% 
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At  Half  Load. 

Losses.  Watts. 

Total  PR 26 

Core  Loss 70 

Total  Loss M 

Oatput      2600 

Inpat 2606 

Effleienoy 2600/2596  or  96.2% 

The  all-day  effloiency  of  a  transformer  is  the  ratio  of  the  outpnt  to  tha 
input  daring  24  hoars.  The  osual  conditions  of  practice  will  be  met  if  the 
oalculationis  based  on 5  hoars  at  fall  load,  and  19 hoars  at  no  load. 

Output.  Watt  Hbs. 

6  Hoars  at  Full  Load 26000 

19  Hoars  at  No  Load 0 

Total,  M  Hoars 25000 

IHPUT. 

6  Hoars  at  Full  Load 26875 

19  Hours  at  No  Load  (Neglecting  PB  Loss  due 

to  Excitation  Cnrrent) 1330 

TotiU,  24  Hours 27206 

AIlHlay  Effleienoy     ....*..    26000/S7205  or  01  J% 

In  oalcolating  the  efficiencies  in  both  of  the  above  examples,  the  eopper 
loss  due  to  excitation  current  of  the  transformer  has  been  neglected.  Tnla 
current,  in  the  example  giTen  above,  is  less  than  3%,  and  its  effect  on  the 
loss  of  the  transformer  is  thus  negligible.  Even  at  no  load  the  total  P  R 
loss  introduced  by  it  is  less  than  one  watt.  It  is  quite  necessary,  however, 
that  the  loss  introduced  by  the  excitation  current  should  be  checked  in  all 
eases.  In  some  transformers,  for  example,  the  excitation  current  may 
reach  30%  of  the  full-load  current,  and  thus  its  effect  is  noticeable  at  large 
loads,  while  at  \  load  the  loss  in  the  primary  winding  due  to  exoitatioii 
eorrent  is  greater  than  the  loss  due  to  tne  load  current. 

masmuim  as  the  losses  in  the  transformer  are  affected  by  the  tempera- 
ture and  the  wave  form  of  the  EJtf.F.,  the  effloiency  can  be  accurately 
speoifled  only  by  reference  to  some  definite  temperature,  such  as  25^  C,  and 
by  stating  whether  the  E.M.F.  is  sine  or  otherwise. 

The  foregoing  method  of  calculating  the  effleienoy  neglects  what  are 
known  as  ^Hoaa  losses,"  i.e.,  the  eddy  current  losses  in  the  iron  and  the 
conductors  caused  by  the  current  in  the  transformer  windings.  The  watts 
measured  in  the  impedance  test  include  "  load  losses  "  and  /*  R  losses  to- 
gether with  a  small  core  loss.  Considering  the  core  loss  as  negligible,  the 
**  load  losses  "  are  obtained  by  subtraotins  from  the  measured  watts  the  PR 
loss  calculated  from  the  resistance  of  the  transformer.  It  is  sometimes 
assumed  that  the  **  load  losses  "  in  a  transformer  when  it  is  working  under 
full-load  conditions  are  the  same  as  those  obtained  with  short-clrouited 
secondary,  and  it  is  stated  that  these  losses  should  enter  into  thccalouli^ 
tion  of  efficiency.  Many  tests  have  been  made  to  determine  whether  or  not 
the  above  assumption  is  correct,  and  while  the  results  cannot  be  considered 
as  conclusive,  they  indicate  in  every  case  that,  under  full-load  conditions, 
the  "  load  losses "  are  considerably  less  than  those  measured  with  short- 
circuited  secondary.  Inasmuch  as  these  losses,  in  general,  form  a  small 
percentage  of  the  total  loss  in  a  transformer,  and  in  view  of  the  difficulty 
m  determining  them  with  accuracy,  they  may  be  neglected  in  the  caloula- 
tion  of  efficiency  for  commercial  purposes.  The  measurement  of  watts  in 
the  impedance  test  is,  however,  useful  as  a  check  on  excessive  eddy  curraBi 
losses  m  a  poorly  designed  tranusformer. 
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For  lighting  and  other  small  uses,  transformers  are  generally  designed  m 
that  the  instantaneous  direction  of  flow  of  the  current  in  certain  selected 
leads  is  the  same  in  all  transformers  of  the  same  type, 
ferring  to  Fig.  98,  the  transformer  there  shown  is  de- 
sired so  that  the  current  at  any  instant  flows  into  the 
primary  at  "  A  "  and  into  the  secondary  at  "C."  This 
IS  the  system  adopted  for  small  transformers  by  the  ma- 
jority of  manufacturers. 

The  polarity  test  should  be  unnecessary  when  bank- 
ing transformers  of  the  same  type  and  design.  When, 
however,  transformers  manufactured  by  diaerent  com* 
panies  are  to  be  run  in  parallel,  it  is  necessary  to  test 
them  in  order  to  avoid  the  possibility  of  connecting 
them  in  such  a  way  as  to  ^ort  circuit  the  one  on  the 
other.  Their  polarity  may  be  determined  by  one  of 
the  following  methods: 

In  Fig.  98,  Primary  lead  "  A  "  is  of  opposite  polarity 
to  the  Secondary  lead  "  C."     Connect  the  primary  lc»Eid 
"  A  "  to  the  Secondary  lead  "  C."    Apply  one  hundred 
volts,  say  to  the  primary  "  A-B  "  of  the  transformer. 
The    voltage  measured   from   "  A  "  to  "  D  "  will  be      . 
greater  than  the  applied  voltage.     In  other  words,  a  transformer  connected 
as  shown  will  act  as  a  booster  to  the  voltage.     If  the  leads  "  A  "  and  "  B  " 
are  of  the  same  polarity,  voltage  measured  from  "  A  "  to  "  D  "  will  be  less 
than  that  applied  at "  A-B." 

If  a  standard  transformer  known  to  have  correct  polarity  and  the  same 
ratio  as  the  test  transformer  is  available,  the  simplest  method  for  testing  the 
polaritv  is  to  connect  the  primaries  and  secondaries  of  the  transformers  in 
parallel,  placing  a  fuse  in  series  with  the  secondaries.  On  applying  voltage 
to  the  primaries  of  the  transformers  if  they  are  of  the  same  polarity  and  ratio 
no  current  should  flow  in  the  secondary  circuit  and  the  fuse  will  remain  intact. 
If  the  transformers  are  of  opposite  polarity  the  connection  will  short  circuit 
the  one  transformer  on  the  other,  and  the  fuse  selected  should  therefore  be 
small  enough  to  blow  before  the  transformers  are  injured.  In  nearly  all 
transformers  there  will  be  a  slight  current  in  the  secondaries  when  connected 
as  above.  This  current  is  known  as  the  "  exchange  current  "  and  should 
be  less  than  1  per  cent  of  the  normal  full  load  current  of  the  transformer. 

Transformers  of  large  capacity  and  higher  volti^  for  central  station  work 
CBually  have  a  polarity  opposite  that  shown  in  Fig.  98.  There  is,  however, 
no  standard  for  these  transformers. 

JDATA    XO    BK    nKTJERlKIirKlI    BY    VSft«. 

Partly  from  a  paper  by  Arthur  Hillyer  Ford  B.  S. 

I.    Copper  loss,  to  determine  the  efficiency. 

IX.    Iron-core  loss,  hot  and  cold,  to  determine  the  efficiency :  to  separatr 
the  hysteresis  from  the  foucault  current  loss. 
If  W^=:  watts  output, 

/  =  watts  iron-oore  loss, 
C=  watts  copper  loss, 
then  the 

Kfflel«.cy  =  100  -  (^^^TZfJ+C  X  •«>) 
Foaeaolt  currents  loes  should  decrease  with  an  increase  in  tempera- 
ture. 
Hysteresis  lose  is  supposed  to  be  constant  r^ardless  of  heat. 
HI.    Open  cireuit  or  ezcitmg  current. 
IV.    Regulation,  to  determine  the  maAnetio  leakage. 
y.    Biae  In  temperature  in  case  and  out  of  case,  for  no  load  and  full 

load ;  with  and  without  oil. 
YL    Insulation. 
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presrare  side  Is  oonneoted  to  a  sooroe  of  eurront  of  the  same  pressure  at 
which  the  transfonuer  Is  expected  to  work,  thos  prodaelng  the  same  pri- 
marr  Toltage  in  the  hlgh-pressnre  side  at  which  it  is  expected  to  work. 
With  the  primary  circuit  open,  the  iron  losses  in  the  transformer  are  read 
directly  in  watts  on  the  wattmeter. 

C^^per  X.ofl«.  —  The  next  diagram  shows  the  connections  for  determln. 
ing  the  copper  losses.  The  low-pressure  side  is  short-circuited  through  an 
ammeter,  the  high-pressure  side  being  connected  to  the  lOO'Tolt  supply- 
mains.  The  resistance  B  is  then  adjusted  to  obtain  fuU-load  or  any  other 
desired  current  in  the  secondary,  as  shown  by  the  ammeter.  The  readlxq; 
of  the  wattmeter  will  then  show  the  total  copper  losses  in  the  transformer 
and  in  the  ammeter  plus  a  rery  small  and  entirely  neglifidble  iron  loss.  The 
ammeter  losses  and  that  in  the  leads  may  be  calculated  oy  J*M.  The  small 
iron  loss  can  be  separated  or  determined  by  disconnecting  the  ammeter  and 


A.e. 


^/w^si^^-^ 


R. 
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adjusting  B  until  the  pressure  on  the  primary  is  the  same  as  in  the  copper 
k«s  test;  the  wattmeter  will  then  show  the  small  iron  loss. 

The  iron  loss  is  proportional  to  (j^i**  and  (B  the  magnetie  density  Is  pro- 
portional to  the  pressure  at  the  terminals  of  tnetransrormer,  therefore  the 
iron  loss  is  equal  to  j8r.(B^**  where  iT  is  a  constant  and  (B  the  Toltage.  In  the 
Iron-loss  test  the  (B  —  1000  and  in  the  copper  loss  test 

(B-100. 

K  X  1000i«  -  03,000  K 

JTXIOOL'*    -   1,000  Jr-2JKS  of  total  iron  loss. 

Hesitisgr.— Tests  should  be  made  at  no  load,  at  full  load,  and  at  inter- 
mediate iMids  for  rise  of  temperature  of  the  transformers  out  of  their  oases, 
in  their  cases,  without  oil  and  with  oil,  if  full  data  is  wanted.  If  a  strictly 
commercial  test  is  all  that  is  necessary,  a  test  with  the  transformer  at  f uU 
load  and  set  up  in  the  condition  it  is  to  be  run,  will  be  suffldent. 

Bnrfaoe  temperatures  can  be  taken  by  thermometers  laid  on  and  covered 
with  cotton  waste.  In  oil-insulated  transformers,  the  temperature  of  the 
oil  should  be  taken  in  two  places,— Inside  the  coil,  and  between  the  coil 
and  ease. 

Ifesiksice  Drop. — The  drop  in  the  secondary  due  to  magnetic  leakage 
can  be  found  by  deauctlnff  from  the  measured  total  drop  in  the  PB  drop  due 
to  the  resistance  of  the  coll. 
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It  is  almost  impoasible  to  enumerate  the  featurea  to  be  included  in 
ficationa  oovering  tranaformere,  because  of  the  wide  range  of  operation  and 
•ervioe  to  which  the^  may  be  put,  neoeesitating  different  charaoteriatiea 
for  the  transformers  mtended  for  different  kinds  of  services. 

For  transformers  operating  from  a  fairly  expensive  source  of  supfdy,  tho 
lulling  manufacturers  have  decided  on  characteristics  which,  in  general, 
will  be  covered  in  the  following  tabulation. 

This  gives  average  characteristics  of  transformers  designed  for  operation 
on  CO-cyole  circuits,  and  the  figures  given  are  based  on  operation  of  2000 
volts  and  sine  wave  alternator. 


Capacity. 

Core  Loss 
Watts. 

Copper  Loss 
WatU. 

Exciting  Cur- 
rent%. 

Regulation  % 

1 

36 

80 

0.0 

2.8 

2 

46 

60 

7.0 

2.6 

8 

66 

70 

8.0 

2.8 

6 

70 

106 

2.6 

2.2 

7.6 

100 

160 

2.8 

2.2 

10 

120 

180 

2.8 

2.0 

16 

166 

276 

2.2 

1.8 

20 

186 

300 

1.6 

1.7 

80 

236 

476 

1.2 

1.6 

60 

836 

076 

1.0 

1.8 

Guarantees  against  serious  ageing  of  iron  should  oover  a  period  of  ai 
one  year. 

MXSB  OF  TBMPBRA'TIJMB. 

The  rise  of  temperature  should  be  referred  t4)  the  standard  oonditianfl 
of  a  room-temperature  of  25**  C.  a  barometric  pressure  of  700  mm.  and 
normal  conditions  of  ventilation;  that  i^,  the  apparatus  under  test  should 
neither  be  exposed  to  draught  n6r  inclosed,  except  where  expressly  specified. 

If  the  room  temperature  during  the  test  differs  from  25^  C.  the  observed 
rise  of  temperature  should  be  corrected  bv  i  per  cent  for  each®  C.  Thus 
with  a  room  temperature  of  36®  C.  the  observed  rise  of  temperature  has 
to  be  decreased  by  6  per  cent,  and  with  a  room  temperature  of  16®  C.  the 
observed  rise  of  temperature  must  be  increased  by  6  per  cent.  The  ther- 
mometer indicating  the  room  temperature  should  be  screened  from  thermal 
radiation  emitted  by  heated  bodies,  or  from  draughts  of  air.  When  it  is 
impracticable  to  secure  normal  conditions  of  ventilation  on  account  of 
adjacent  engine  or  other  sources  of  heat,  the  thermometer  for  measuring 
the  adr  temperature  should  be  placed  so  as  fairl^tr  to  indicate  the  tempera- 
ture which  the  machine  would  have  if  it  were  idle,  in  order  that  the  rise 
of  temperature  determined  shall  be  that  caused  by  the  operation  of  tha 
machine. 

The  temperature  should  be  measured  after  a  run  of  sufficient  duration  to 
reach  practical  constancy.  This  is  usually  from  six  to  «ghteen  houra 
according  to  the  size  and  construction  of  the  apparatus.  It  is  permissiUei 
however,  to  shorten  the  time  of  the  test  by  running  a  lesser  time  on  an 
overload  in  current  wad  voltage,  then  reducing  the  load  to  normal,  and 
maintaining  it  thus  imtil  the  temperature  has  become  constant. 

In  electrical  oonductors,  the  rise  of  temperature  should  be 
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by  the  increase  of  their  resistance  where  practicable.  For  tlus  parpose 
ihe  reristanoe  may  be  measiu-ed  either  by  ^vanometer  test,  or  By  arop 
of  potential  method.  A  temperature  coefficient  of  0.42  per  cent  per  dtgne 
C.  from  aiKl  at  0**  C.  nuty  be  assumed  for  copper,  by  the  formula: 

Ri  »  iZo (1-^0.0042  0 and  A«  +  0  -  Ro[l  -  0.0042  (<+0)] 
where    R$  —  the  initial  resistance  at  room  temperature  0*  G. 
Tt  +  0  ■>  the  final  resistance  at  temperature  elevation  0^  C. 
Ro  ■>  the  inf  enred  resistance  at  (r  C. 

These  combine  into  the  formul»: 

For  insolation  test  see  report  of  Committee  on  Standardisation  of 
A.  L  E.  £.,  pace  514. 

XiOCATIOir  OV  TWLAXBWOMmmMB. 

1.  Where  practicable,  the  transformers  should  be  placed  in  »  boiler 
iron  ease,  capable  of  withstanding  an  internal  pressure  of  50  lbs.  per 
square  inch,  the  case  to  be  suitably  vented. 

2.  Where  a  sheet  iron  construction  is  necessary,  the  case  should  be 
made  practically  air  tight  and  provided  with  a  very  large  safety  valve, , 
so  that  an  internal  explosion  cannot  burst  the  case. 

3.  Provision  should  be  made  for  rapidly  drawing  off  the  oil  in  case  it 
becomes  necessary  to  do  so. 

4.  Individual  transformer  units,  or  groups  of  units,  should  be  Vacated 
fa&  fireproof  compartments,  such  compcurtments  to  be  suitably  drained  so 
that  in  case  the  oil  escapes  from  the  cases,  it  can  flow  out  where  it  can  do 
no  harm. 

5.  Adequate  means  should  be  provided  for  extinguishing  fire,  and  the 
station  attendants  should  be  trained  to  know  what  to  do  in  case  of  emer- 
gency. 

An  oil  should  be  selected  which  has  a  flash  point  not  lower  than,  say, 
175*  C.  Such  an  oil.  if  properly  made,  will  have  practically  no  evanora- 
tion  whatever  at  lOO**  C,  this  temperature  being  higher  thui  will  be  tound 
axcept  under  the  most  extreme  conditions  of  temporary  overload. 

Too  high  a  flash  test  oil  is  undesirable  on  account  of  the  viscosity  being 
so  great  that  the  power  to  carry  heat  from  the  transformer  to  the  cooler 
ease  is  greatly  reduced,  and  on  account  of  it  being  very  unpleasant  to 
handle. 

Where  rubber-covered  leads  are  used,  the  rubber  should  be  heavy  (not 
lees  than  V"  'wall  per  10,000  volts)  and  of  high  quality,  and  a  fireproof 
covering  should  be  used.  Extra  flexible  cable  is  usually  preferable.  Rub- 
ber may  be  tested  for  dielectric  strength,  insulation  resistance,  etc.,  but  its 
qualification  for  important  uses  is  beiBt  judged  by  its  mechanical  pmper- 
tiee.  To  examine  these,  remove  the  braid  from  the  wire  for  several  inches, 
but  without  cutting  the  rubber  except  at  the  ends  of  the  space.  Here  it 
should  be  cut  (at  both  ends}  down  to  the  wire.  It  will  be  found  in  many 
makes  that  there  are  two  iomts  in  the  rubber  running  parallel  to  the  wire. 
A  longitudinal  cut  aloni^  the  wire,  and  down  to  it,  shouM  be  made  midway 
between  the  joints.  This  will  make  it  possible  to  easily  remove  the  rubber 
from  the  wire.  First,  test  each  of  the  joints  by  bending  them  over  back- 
wards. The  best  joints  will  show  some  tendency  to  open,  and  for  this 
reason  a  double  layer  of  rubber,  with  joints  stagKered,  is  desirable.  In 
many  (so  called)  first  dass  wires  it  will  be  foimd  that  the  joints  are  just 
slightly  stuck  together,  or  break  open  on  the  slightest  provocation.  Such 
insulation  is  worthless.  The  quality  of  the  rubber  may  be  judged  by  cut- 
ting long  stripe,  about  ^  wide,  or  less,  and  bending  it  double  and  as  short 
as  possible.  It  should  show  no  signs  of  cracking.  Pure  rubbco-  is  very 
elastic  and  strong,  and  it  loses  these  properties  in  proportion  as  it  is  aduf- 
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In  the  following  will  be  found  »  brief  q>ecification  for  a  tnuuformer  ofl* 
(1)  The  oil  abould  be  a  pure  mineral  oil  obtained  by  fractional  distil- 
lation of  petroleum  unmixed  with  any  other  eubetances  and  without  eub- 
■equeat  ohemical  treatment. 

The  flash  test  of  the  oil  should  not  be  less  than  180"^  C.  (356**  F.), 
the  burning  test  should  not  be  less  than  200**  C.  (392*  F.). 

(3)  The  oil  must  not  contain  moisture,  add,  alkali,  or  sulphur  com- 
pounds. 

(4)  The  oil  should  not  show  an  evaporation  of  more  than  0.2%  when 
heated  at  100^  C.  for  eight  hours. 

(6)  It  is  desirable  that  the  oil  be  as  fluid  as  possible  and  that  the  color 
be  as  light  as  can  be  obtiuned  in  an  untreated  oil. 

The  method  of  making  tests  to  determine  the  above  qualities  should  be 
distinctly  specified  so  that  there  can  be  no  misunderstanding  on  account 
of  results  being  obtained  by  different  methods  of  test. 

The  specification  for  flash  test  given  above  is  intended  to  be  low  enough 
so  that  there  will  be  some  leeway  to  allow  for  slight  variations  in  ibe  oil 
and  for  variations  obtained  by  different  observers.  It  is  ezpeeied  tfaal  an 
oil  to  fulfill  this  specification  will  run  something  higher  thaalao'  flash  test. 
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I.  DanniTioifs  and  Ticknxcal  Data. 

A.  Definitiona— Currants  and  E.M.F.'s. 

B.  Definitiona  —  Rotating  Machines. 

C.  Definitions — Stationary  Induction  Apparatoa. 

D.  General  Classification  of  Apparatus. 
B,   Motors — Speed  Classification. 

F.   Definitions  —  Instruments. 

O.  Definition  and  Explanation  of  Tenns. 

Load  Factor,  DiveiBity  Factor,  Demand  Factor. 
Non-inductive  and  Inductive  Load. 
Pbwer  Factor  and  Reactive  Factor. 
Saturation  Factor. 
Variation  and  Pulsation. 

II.  Pebpobmancb  SpjBciFicAnomi  and  TisriB. 

A.  Rating. 

B.  Waveshape. 
C»  Efficiency. 

Definitions. 

Measurement  of  Efficiency. 
iltD  Measurement  of  Losses. 
[IV)    Efficiency  of  Differant  Types  of  Apparatus. 

Direct-Current  Commutating  Machines. 
AHemating-Cxurent  Conunutatinf  Machineau 
Synchronous  Commutating  Maohmes. 
Synchronous  Machines. 
Stationary  Induction  Apparatus. 
Rotary  Induction  Apparatus. 
Unipolar  or  Acyclic  Machinea. 
Reotifyhig  Apparatua. 
TranamiaBion  Lines. 
Phase-DiqDladng  Apparatus. 


D.  Regulation. 

Defini 

Conditiona  for  and  Tests  of  Regulation. 


a)      Definitiona. 


S.  Insolation. 

(D     Inaulation  Resistance. 
CO)    Dielectric  Strength. 

(a)  Test  Voltages. 

(6)  Methods  of  Testing. 

(e)  Methods  for  Measuring  the  Test  Voltage. 

(<0  Apparatus  for  Suppbring  Test  Voltage. 

F.    Conductivity. 

O,    Rise  of  Temperature. 
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X.    DSflHlTKOXA  AJri»  TSCH^ICAIi  DATA. 

1.  NoTB.  The  foUowiog  definitions  and  claasificatioiu  are  intvnded  to  b% 
praotioaily  descriptive  and  not  scientifically  riicid. 

A.  DEFINITIONS.    CURRENTS  AND  B.M.F.'S. 

2.  A  Direct  Current  is  an  unidirectional  current. 

8.  A  Continuous  Current  is  a  steady,  or  non-pulsating,  direct  current. 

4.  A  Pulsating  Current  is  a  current  equivalent  to  the  superposition  of  an 
alternating  current  upon  a  continuous  ciirrent. 

5.  An  Alternating  Current  or  E.M.F.  is  a  current  or  E.M.F.  which,  when 
plotted  against  time  in  rectangular  co6rdinatee,  consists  of  half-waves  of  equal 
area  in  successively  opposite  (urections  from  the  aero  line. 

5a.   Ctcub.    Two  munediately  succeeding  half-waves  constitute  a  cycle. 

66.   Fbbxod.    The  time  required  for  the  execution  of  a  cycle  is  called  a  period. 

5e.   FasQUBNCT.     The  number  of  cycles  per  second  is  called  the  frequency. 

5d.  Wavb-Fobm.  The  shape  of  the  curve  of  E.M.F.  or  current  plotted 
against  time  in  rectangular  codrdinates  is  ordinarily  referred  to  as  the  wave- 
form or  wave-shape.  Two  alternating  quantities  are  said  to  have  the  same 
wave-shape  if  their  corresponding  phase  ordinates  bear  a  constant  ratio.  The 
wave-shape,  as  ordinarilv  understood,  is  thus  independent  of  the  scales  to 
which  the  curve  is  plotted. 

5e.  SiMPLB  Altbrnatino  Wavb.  Unless  otherwise  specified  an  alternating 
current  or  E.M.F.  is  assumed  to  be  sinusoidal,  and  the  wave  a  sinusoid,  sine- 
wave  or  curve  of  sines.  On  this  account  a  complete  carde  is  taken  as  360 
degrees,  and  any  portion  of  a  cycle  may  be  expressed  in  degrees  from  any 
convenient  reference  point,  such  as  the  ascending  lero-point. 

Bf.  A  Complex  Alternating  Wave  is  a  non-sinusoidal  wave.  A  complex 
alternating  wave  is  capable  of  being  resolved  into  a  single  sine  wave  of  fimda- 
meDtal  frequency,  with  superposed  odd-frequency  harmonic  waves,  or  ripples, 
of  3,  6,  7  ...  (2  n  +  1)  times  the  fundamental  frequency,  each  harmonic 
having  constant  amplituae,  and  a  definite  starting  phase-relation  to  the  fun- 
damental sine-wave.  It  is  customary  when  analysing  a  complex  wave  to 
nei^eet  harmonics  higher  than  the  1 1th:  t.s.,  of  frequency  higher  than  11  times 
the  fundamental.  In  special  cases,  however,  frequencies  still  higher  may  have 
to  be  considered.     In  certain  exceptional  cases  even  harmonics  are  present. 

Sg.   Root-Mban-Squabb  Valub  (sometimes  called  the  Virtual  or  Effective 
ViUue).     Unless  otherwise  specified,  the  rating  of  an  alternating-current 
E.M.F..  in  amperes  or  volts,  is  assumed  to  be  the  square  root  of  the  m 
square  value  taken  throughout  one  or  more  complete  cycles.     This  is  som 
times  abbreviated  to  r.m.s.     The  term  root-mean-square  is  to  be  preferred  to^ 
the  terms  virtual  or  effective.     The  root-mean-%quare  value  is  indicated  by 
all  properly  calibrated  alternating-current  voltmeters  and  ammeters.     In  the 

eaee  of  a  sine-wave,  the  ratio  of  the  maximum  to  the  r.m.s.  value  is  v^. 

bh.  Fobm-Factor  or  an  Altbrnattko  Wave.  The  ratio  of  the  root-mean- 
square  to  the  arithmetical  mean  ordinate  of  a  wave,  taken  without  regard  to 
sign,  is  called  its  form-factor.  The  form-factor  for  a  purely  rectangular  wave 
is  the  minimum,  1.0;  for  a  sine-wave  it  is  1.11,  and  for  a  wave  more  peaked 
than  a  sine-wave  it  is  greater  than  1.11. 

5i.  The  Equivalent  Sine- Wave  is  a  sine-wave  having  the  same  frequency 
and  the  same  r.m.s.  value  as  the  actual  wave. 

Sij.  The  Deviation  of  wave-form  from  the  sinusoidal  is  determined  by  super- 
posmg  upon  the  actual  wave  (as  determined  by  oscillograph),  the  equivalent 
Bine-wave  of  equal  length,  in  such  a  manner  as  to  give  the  least  difference,  and 
then  dividing  the  maximum  difference  between  corresponding  ordinates  by 
the  maximum  value  or  the  equivalent  sine-wave. 

5k.  Prasb  DirrBRBNCE.  When  corresponding  cyclic  values  of  two  sinu- 
soidal alternating  quantities  such  as  two  alternating  currents  or  E.M.F.'s  or 
of  a  current  and  an  E.M.F.,  of  the  same  frequency,  occur  at  different  instants, 
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th*  two  alternating  quantities  are  said  to  differ  in  phase,  their  phaie  differenM 
being  the  time  interval,  expressed  in  degrees  or  as  a  fraction  of  a  cycle,  between 
the  oocurrenoe  of  their  corresponding  values;  e.cr.,  their  ascending  seroa  or 
their  positive  maxima. 

51,  EQuiVALaNT  Phass  DtFFBRBKCB.  If  two  alternating  quantities  are 
non-^inuBoidal,  and  of  different  wave  shapes,  the  preceding  dennition  of  phase- 
difference  is  inapplicable,  and  phase-difference  ceases  to  have  exact  signifi- 
cance. However,  when  tlxe  two  complex  alternating  quantities  are  the  voTta^ 
B  and  current  /  in  a  given  circuit,  the  effective  power  P  of  which  is  known,  it 
is  customary  to  define  the  equivalent  phase  omerenee  by  the  angle  whoee 
cosine  is  the  power-factor,  P/al,  of  the  circuit.    See  Sections  64  and  324. 

6m,  SiNOLB-pHAas.  A  term  characterising  a  simple  alternating-current 
circuit  energised  by  a  single  alternating  E.M.F.  Such  a  circuit  is  usually 
supplied  through  two  wires.  The  currents  in  these  two  wires  counted  posi- 
tively outwards  from  the  source,  differ  in  phase  by  180  degrees  or  half  a  cyole. 

5n.  Thbbb-Phasb.  A  tenn  characterising  the  combination  of  three  oir- 
cuits  energised  by  alternating  E.M.F.'s  which  differ  in  phase  by  one-third  of  » 
cycle;  i.e.,  120°. 

6o.  Quabtkr-Phabs,  also  called  Two-Phabs.  A  term  characterising  the 
combination  of  two  circuits  eneigised  by  alternating  E.M.F.'s  whichXdiner  in 
phase  by  a  quarter  of  a  cycle:  i.e.,  90°. 

6p.  Six-Phasb.  a  term  characterising  the  combination  of  six  eirouits  eoer- 
giaed  by  alternating  E.M.F.'s  which  differ  in  phase  by  one-sixth  of  a  Cjrole; 
t.e.,  60*. 

Sg.  P(^ypha8e  is  the  general  term  applied  to  any  alternating  aystem  with 
more  than  a  single  phase. 

6.  An  Oscillating  Current  is  a  current  alternating  in  direction,  and  of  de- 
creasing amplitude. 

B.   DEFINITIONS.    ROTATING   MACHINES. 

7.  A  Generator  transforms  mechanical  power  into  electrical  |>ower. 

8.  A  Direct-Current  Generator  produces  a  direct  current  that  may  or  may 
not  be  continuous. 

0.  An  Alternator  is  an  alternating-current  generator,  either  single-phaae  or 
poWphaae. 

9a.  A  Synchronous  Alternator  comprises  a  constant  magnetic  field  and  an 
armature  delivering  either  single-phase  or  polyphase  current  in  synchronism 
with  the  rotation  of  the  machine. 

10.  A  Polyphase  Generator  produces  currents  differing  svmmetrieallv  in 
phase;  such  as  quarter-phase  currents,  in  which  the  termmal  voltages  of  the 
two  circuits  differ  in  phase  by  90  degrees:  or  three-phase  currents,  in  which 
the  terminal  voltages  of  the  three  circuits  differ  in  phase  by  120  degrees. 

11.  A  Double-Current  Generator  supplies  both  direct  and  alternating 
currents  from  the  same  armature  winding. 

11a.  An  Imluctor  Alternator  is  an  alternator  in  which  both  field  and  arma- 
ture windings  are  stationary. 

116.  An  induction  Generator  is  a  machine  structurally  identical  with  an 
induction  motor,  but  driven  above  synchronous  speed  as  an  alternating- 
current  generator. 

12.  A  Motor  transforms  electrical  power  into  mechanical  power. 

12a.  A  Direct-Current  Motor  transforms  direct-current  power  into  me- 
chanical power. 

126.  An  Alternating-Current  Motor  transforms  alternating-current  power 
into  mechanical  power. 

12c.  A  Synchronous  Motor  is  a  machine  structurally  identical  with  a  syn- 
chronous alternator,  but  operated  as  a  motor. 

12d.  A  Synchronous  Phase  Modifier,  sometimes  called  a  Synchronous  Con- 
denser, is  a  synchronous  motor,  running  either  idle  or  under  load,  whose  field 
excitation  may  be  varied  so  as  to  modify  the  power-factor  of  the  circuit,  or 
through  such  modification  to  influence  the  voltage  of  the  circuit. 

12e.  An  Induction  Motor  is  an  alternating-current  motor,  either  sin^e-phase 
or  polyphase,  comprising  independent  primary  and  secondary  windings,  one 
of  which,  usually  tne  secondary,  is  on  the  rotating  member.  The  secondary 
winding  has  no  conductive  connection  with  the  supply  circuit. 

I2f.  A  Repulsion  Motor  is  an  induction  motor,  usually  single  phase,  in  which, 
the  magnetic  axis  of  the  secondary  (a  dosed  coil  winding  mounted  on  the 
lotor)  IS  maintained  at  a  certain  fixed  angle  with  respect  to  the  stationary 
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primary  eoO  hy  means  of  a  moltunsmental  commutator  and  ■hort-eirouitinc 
bniahas. 

i2(f,  A  Single-Phaso  Series  Commutator  Motor  is  structurally  similar  to  a 
series  direct-current  motor,  except  that  it  is  usually  provided  in  addition 
wi^  a  series  compensating  winding  distributed  around  the  outer  air-gap 
periphery  and  supported  in  slots  in  the  pole  faces,  for  the  purpose  of  dimin- 
ishinc  the  armature  leakage  reactance. 

13.  A  Booster  is  a  machine  inserted  in  series  in  a  circuit  to  change  its  volt- 
age. It  may  be  driven  by  an  electric  motor  (in  which  case  it  is  termM  a  motor-* 
booster)  or  otherwise. 

14.  A  Motor-Generator  is  a  transforming  device  consisting  of  a  motor 
mechanically  connected  to  one  or  more  generators. 

15.  A  Dynamotor  is  a  transforming  device  combining  both  motor  and  gen- 
erator action  in  one  magnetic  field,  either  with  two  armatures,  or  with  ona 
armature  having  two  separate  windings  and  independent  commutators. 

16.  A  Converter  is  a  machine  employing  mechanical  rotation  in  changing 
electrical  enernr  from  one  form  into  another.  A  converter  may  belong  to 
either  of  several  typeB^  as  follows: 

17.  a.  A  Direct-Current  Converter  converts  from  a  direct  current  to  a 
direct  current,  usually  with  a  change  of  voltage. 

18.  6.  A  Synchronous  Converter  (commonly  called  a  rotary  converter)  con- 
verts from  an  alternating  to  a  direct  current,  or  vict  veraa. 

10.  e.  A  Motor<i^nverter  is  a  combination  of  an  induction  motor  with  a 
nmchronous  converter,  the  secondary  of  the  former  feeding  the  armature  of 
the  latter  with  current  at  some  frequency  other  than  the  impressed  frequency; 
t.s.,  it  is  a  ssniehronous  converter  concatenated  with  an  induction  motor. 

20.  d.  A  Frequency  Changer  converts  the  power  of  an  alternating-current 
system  from  one  frequency  to  another,  with  or  without  a  change  in  the  number 
of  phases  or  in  the  voltag^. 

21.  «.  A  Rotary  Phase  Converter  converts  from  an  alternating-current 
system  of  one  or  more  phases  to  an  alternating-current  system  of  a  di£Ferent 
number  of  phases,  but  of  the  same  frequency. 

21a.  £!qualising  Connections  are  low  resistance  oozmections  between  equi- 
potiontial  points  of  multiple-wound  closed-coil  armatures  to  equalise  the  in- 
duced voltage  between  brushes. 

C.   DEFINITIONS.    STATIONARY   INDUCTION  APPARATUS. 

22.  Stationary  Induction  Apparatus  changes  electric  energy  to  electric 
energy  through  the  medium  of  magnetic  energy.  It  comprises  several  forms, 
distinguished  as  follows: 

33.  a.  Transformers,  in  which  the  primary  and  secondary  windings  are 
insulated  from  one  another. 

23a.  A  Primary  Winding  is  that  winding  of  a  transformer,  or  of  an  induc- 
tion motor,  which  receives  power  from  an  external  source. 

236.  A  Secondary  Winding  is  that  winding  of  a  transformer,  or  of  an  in- 
duction motor,  which  receives  power  from  the  primary  by  induction. 

Note.  The  terms  "Hif(h-voltage  winding  and  "Low-voltage  winding" 
are  suitable  for  distinguishing  between  the  windings  of  a  transformer,  where 
the  relations  of  the  apparatus  to  the  source  of  power  are  not  involved. 

24.  h.  Auto-Tzansxormers,  also  called  compensators,  in  which  a  part  of  the 
primary  windinj^  is  used  as  a  secondary  winding,  or  conversely. 

25.  e.  Potential  Regulators,  in  which  one  coil  is  in  shunt  and  one  in  series 
with  the  drouit.  so  arranged  that  the  ratio  of  transformation  between  them  is 
variable  at  will.    They  are  of  the  following  three  classes: 

26.  (1)  Contact  Voltage  Regulators,  also  called  Compensator  Regulators, 
in  whien  the  number  of  turns  in  use  of  one  of  the  coils  is  adjustable. 

27.  (2)  Induction  Potential  Regulators  in  which  the  relative  positions  of 
the  primary  and  secondary  coils  are  adjustable. 

28.  (3)  Magneto  Potential  Regulators  in  which  the  direction  of  the  mag^ 
netio  flux  with  respect  to  the  coils  is  adjustable. 

20.  d.  Reactors  or  Reactance  C^loUs,  also  called  choke  coils,  are  a  form  of 
stationary  induction  apparatus  used  to  supply  reactance  or  to  produce  phase 
displaoement. 

2(lia.  e.  An  Induction  Starter  is  a  device  used  in  starting  induction  motors, 
converters,  etc.,  by  voltage  control,  consisting  of  an  auto-tranaformer  com- 
bined with  a  suitable  switching  device. 

206.  A  Leakage  Reactance  or  Series  Reactance  is  a  portion  of  the  reactance 
of  any  induction  apparatus  which  is  due  to  stray  or  purely  self-inductive  flux. 
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D.  GENERAL  CLASSIFICATION  OF  APPARATUS. 

.  30.  CoMMUTATiNQ  Machinks.  Under  this  head  may  be  oiaaaed  Um  follow- 
log:  Direct-ourrent  generatora;  direct-ounent  motors;  direot-ourrent  booft- 
ers;  motor-generatorB;  dynamotors;  oonverters;  oompeuaators  or  balaaoen; 
cloaed-ooil  arc  machines,  and  alternating-current  oommutatins  motors. 

31.  Commutating  machines  may  be  further  classified  as  follows: 

82.  a.  Direct-Current  Commutating  Machines,  which  comprise  a  magnetic 
field  of  constant  polarity,  a  closed-ooil  armature,  and  a  multisegmental  commu- 
tator connected  therewith. 

33.  b.  Alternating-Current  Commutating  Machines,  which  oompriae  a 
magnetic  field  of  alternating  polarity,  a  olos^d-ooil  armature,  and  a  multi- 
sevnental  commutator  connected  therewith. 

84.  c.  Synchronous  Commutating  Machines,  which  comprise  asmohroiioas 
converters,  motor-converters  and  double-current  generators. 

35.  Ss^chronous  Machines  comprise  a  constant  magnetio  firid  and  an 
armature  receiving  or  delivering  alternating-currents  in  synchronism  with  the 
motion  of  the  machine;  i.e.,  having  a  frequency  equal  to  the  product  of  the 
number  of  pairs  of  poles  and  the  spe^  of  the  machine  in  revolutions  per  seeond. 

36.  Stationary  Induction  Apparatus  include  transformers,  auto-trans- 
formers, potential  regulators,  and  reactors  or  reactance  coils. 

37.  Rotary  Induction  Apparatus,  or  Induction  Machines,  include  apparatus 
wherein  the  primary  and  secondaiy  windings  rotate  with  respect  to  each  othM*; 
i.e.t  induction  motors,  induction  generators,  frequency  converters,  and  rotary 
phase  converters. 

38.  Unipolar  or  Acyclic  Machines,  direct-current  machines,  in  whi<di  the 
voltage  generated  in  the  active  conductors  maintains  the  same  direction  with  ^      ! 
respect  to  those  conductors.  I 

30.   Rectifying  Apparatus,  Pulsating-Current  Gei\^rators. 

40.  Electrostatic  Apparatus,  such  as  condensers,  etc. 

41.  Electrochemical  Apparatus,  such  as  batteries,  etc. 

42.  Electrothermal  Apparatus,  such  as  heaters,  etc. 
42a.  Repeating  Apparatus,  such  as  rheostats,  etc. 

42b.  Switching  Apparatus.  ! 

43.  Protective  Apparatus,  such  as  fuses,  circuit-breakers,  lightnintg 
etc. 

44.  Luminous  Sources. 

E.   MOTORS.    SPEED  CLASSIFICATION. 

45.  Motors  mav,  for  convenience,  be  frlassified  with  reference  to  their 
characteristics  as  follows: 

46.  a.  Constant-Speed  Motors,  in  which  the  speed  is  either  constant  or 
does  not  materially  vary;  such  as  synchronous  motors,  induction  motors 
with  small  slip,  and  ordinary  direct-current  shunt  motors. 

47.  b.  Multispeed  Motors  (two-speed,  three-speed,  etc.),  which  can  be 
operated  at  any  one  of  several  distinct  speeds,  these  speeds  being  practically 
independent  of  the  load,  such  as  motors  with  two  armature  windings,  or  in- 
duction motors  with  controllers  for  changing  the  number  of  poles. 

48.  c.  Adjustable-Speed  Motors,  in  which  the  speed  can  be  varied  gradually 
over  a  considerable  range;  but  when  once  adjusted  remains  practically  un- 
affected by  the  load,  such  as  shunt  motors  designed  for  a  ooonderable  ranca  of 
field  variation. 

49.  d.  Varying-Speed  Motors,  or  motors  in  which  the  speed  varies  with 
the  load,  decreasing  when  the  load  increases;  such  as  series  motors. 

F.   DEFINITIONS.     INSTRUMENTS. 

40a.   An  Ammeter  is  a  current-measuring  instrument,  indicating  in  amperes. 

40b.   A  Voltmeter  is  a  voltage-measuring  instrument,  indicating  in  volta. 

40c.  A  Wattmeter  is  an  instrument  for  measuring  electricu  xwwer,  and 
indicating  in  watts. 

49d.  Recording  Ammeters,  Voltmeters.  Wattmeters,  etc.,  are  instruments 
which  record  graphically  upon  a  time-chart  the  values  of  the  quantities  they 
measure. 

40e.  A  Watt-Hour  Meter  is  an  instrument  for  registering  total  watt-houra. 
This  term  is  to  be  preferred  to  the  term  "integrating  wattmeter." 

4^.  A  Voltmeter  Compensator  is  a  device  m  connection  with  a  volbneter, 
which  causes  the  latter  to  indicate  the  voltage  at  some  other  point  off  the 
circuit. 
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49|9.  A  Synohrosoope  is  a  synchronising  device  which,  in  addition  to  indi- 
itting  synohroniam,.  ahows  whether  the  machine  to  be  synchronised  is  fast  or 


G.  DEFINITION  AND  EXPLANATION  OF  TERMS. 

(I)  Load  Fador. 

60.  The  Load  Factor  of  a  machine,  plant  or  system  is  the  ratio  of  the  aver- 
age  power  to  the  maximum  power  during  a  certain  period  of  time.  The  averue 
power  is  talcen  over  a  certam  period  of  time,  such  as  a  day  or  a  year,  and  this 
maximum  is  talcen  over  a  short  interval  of  the  maximum  load  within  that 
period. 

51.  In  each  case  the  interval  of  maximum  load  should  be  definitely  specified. 
The  proper  interval  is  usually  dependent  upon  local  conditions  and  upon  the 
purpose  for  which  the  load  factor  is  to  be  determined. 

(II)  Diversity  Factor. 

51a.  Diversity  Factor  is  the  ratio  of  the  sum  of  the  maximum  power  de- 
mands of  the  subdivisions  of  any  system  or  part  of  a  system  to  the  maximum 
rtnmand  of  the  whole  system  or  of  the  part  of  the  system  under  consideration* 
measured  at  the  point  of  supply. 

(III)  Demand  Factor. 

516.  Demand  Factor  is  the  ratio  of  the  maximum  power  demand  of  any 
qratem  or  part  of  a  system  to  the  total  connected  load  of  the  system  or  of  the 
part  of  the  system  under  consideration. 

(IV)  Non-inductive  Load  and  Inductive  Load. 

52.  A  non>inductive  load  is  a  load  in  which  the  current  is  in  phase  with  the 
voltage  across  the  load. 

53.  An  imluctive  load  is  a  load  in  which  the  current  lags  behind  the  voltage 
scxxMs  the  load.  A  load  in  which  the  current  leads  the  voltage  across  the  load 
is  sometimes  called  a  oondenaive  or  anti-inductive  load. 

53a.  When  voltage  and  current  waves  are  sinusoidal  but  not  in  phase,  the 
voltage  may  be  resolved  into  two  components,  one  in  phase  with  the  current 
and  the  other  in  quadrattire  therewith.  The  former  is  called  the  effective 
component  (sometimes  the  energy  component),  and  the  latter  the  reactive 
component  of  the  voltage.  The  current  may  be  similarly  subdivided  with 
respect  to  the  voltage,  and  the  two  components  similarly  named. 

(V)  Power-Fador  and  Reactive  Factor. 

54.  The  Power-Factor  in  alternating-current  circuits  or  apparatus  is  the 
ratio  of  the  effective  («.«.,  the  cyclic  average)  power  in  watts  to  the  apparent 
power  in  volt-amperes.     It  may  be  expressed  as  follows: 

effective  power  effective  watts         effective  current      effective  voltage 

apparent  xmwer      total  volt-amperes        total  current  total  voltage 

55.  The  Reactive-Factor  is  the  ratio  of  the  reactive  volt-amperes  (t.s.,  the 
product  of  the  reactive  component  of  current  by  voltage,  or  reactive  com- 
ponent of  voltage  by  current)  to  the  total  volt-amperes.  It  may  be  expressed 
as  foUows: 

reactive  power  reactive  watts  reactive  current      reactive  voltage 

apparent  power      total  volt-amperes         total  current  total  voltage 

66.  Power-Factor  and  Reactive-Factor  are  related  as  follows: 

If  p  ai  power-factor  and  q  »  reactive-factor,  then  with  sine-waves  of  voltage 
and  current, 

P»+fl«  =  l. 

With  distorted  waves  of  voltage  and  current,  q  ceases  to  have  definite  sig- 
nificanee. 

(VI)  Saturation-Factor, 

67.  The  Saturation-Factor  of  a  machine  is  the  ratio  of  a  small  i>eroentage 
increase  in  field  excitation  to  the  corresponding  percentage  increase  in  voltage 
tiierefay  produced.  The  saturation-factor  is,  therefore,  a  criterion  of  the  degree 
of  saturation  attained  in  the  magnetic  circuit  at  any  excitation  selected.  Un- 
less otherwise  specified,  however,  the  saturation-factor  of  a  machine  refers  to 
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the  ezoitation  eiisting  at  normal  rated  speed  and  voltaco*    It  U  determiiMd 
from  measurements  of  saturation  made  on  open  oirouit  at  rated  speed. 

58.  The  Percentage  of  Saturation  of  a  machine  at  any  excitation  may  be 
found  from  its  saturation  curve  of  generated  voltage  as  ordinates,  against 
excitation  as  abscissas^  by  drawing  a  tangent  to  the  curve  at  the  ordinate  oor- 
re8pon<ting  to  the  assi^ied  excitation,  and  extending  the  tangent  to  intercept  the 
axis  of  orcQnates  drawn  through  the  origin.  The  ratio  of  the  intercept  on  this 
axis  to  the  ordinate  at  the  assigned  excitation,  when  expressed  in  peroenta|pe, 
is  the  percentage  of  saturation  and  is  independent  of  the  scale  selected  for 
excitation  and  voltage.  This  ratio  is  equal  to  the  rooiprooal  of  the  saturation- 
factor  at  the  same  excitation,  deducted  from  unity.  Thus,  if  /  be  the  satura- 
tion-factor and  p  the  percentage  of  saturation, 

(VII)   Variation  and  PuUation. 

59.  The  Variation  in  Prime  Movers  which  do  not  give  an  absolutely  uniform 
rate  of  rotation  or  speed,  as  in  reciprocating  steam  engines,  is  the  maximum 

.angular  displacement  in  position  of  tae  revolving  member  expressed  in  degrees, 
from  the  position  it  would  occupy  with  uniform  rotation,  and  with  one  reiro- 
lution  taken  as  300^. 

60.  The  Pulsation  in  Prime  Movers  is  the  ratio  of  the  difference  between 
the  maximum  and  minimum  velocities  in  an  engine-cyde  to  the  average  velocity. 

61.  The  Variation  in  Alternators  or  alternating-current  circuits  in  general 
is  the  maximum  difference  in  phase  of  the  generated  voltage  wave  from  a  wave 
of  absolutely  constant  frequency  of  the  same  average  value,  expressed  in  elee- 
trical  degrees  (one  cycle  equals  360°)  and  may  be  due  to  the  variation  of  thm 
prime  mover. 

62.  The  Pulsation  in  Alternators  or  alternating-current  circuits,  in  general, 
is  the  ratio  of  the  difference  between  maximum  and  minimum  frequency  during 
an  engine  cycle  to  the  average  frequency. 

63.  Relation  of  Variation  in  prime  mover  and  alternator.  If  p  <■  number 
of  pairs  of  poles,  the  variation  of  an  alternator  is  p  times  the  variation  of  its 
prime  mover,  if  direct-connected,  and  pn  times  the  variation  of  the  prime  mover 
if  rigidly  connected  thereto  in  the  velocity  ratio  n;  so  that  the  speed  of  the 
alternator  is  n  times  that  of  the  prime  mover. 

H.  PSJRFOJRMAMCia  APBCXFICAXXOIVA  Aim  TSftVS. 

A.   RATING. 

60.  Ratxng  bt  OuTPirr.  All  electrical  apparatus  should  be  rated  by  output 
and  not  by  input.  (Generators,  transformers,  etc.,  should  be  rated  by  elec- 
trical output:  motors  by  mechanical  output,  and  preferably  in  kilowatts. 

65a.  The  following  four  classes  of  rating  are  recognised  and  recommended: 
they  do  not  cover  the  rating  of  railway  motors,  which  is  treated  in  Appendix  B. 
and  there  are  other  large  though  less  definitely  definable  classes  of  service  in 
which  each  case  must  be  treated  by  itself.  Some  of  these  may  be  later  reduced 
to  fairly  simple  terms  and  introduced  into  these  Rules. 

666.  (1)  Continuous  Rating  in  which  under  load  there  is  the  attainment  of 
approximately  stationary  temperature,  and  no  other  limit  of  capacity  is  ex- 
ceeded. 

65e.  (2)  Intermittent  Rating  in  which  one  minute  periods  of  load  and  rest 
alternate  until  the  attainment  of  approximately  stationary  temperature  and 
no  other  limit  of  capacity  is  exceeded. 

65d.  Note.  Since  the  temperature  depends  upon  the  losses  _  and  the 
capacity  of  the  apparatus  to  emit  them,  a  constant  load  may  be  substituted  for 
the  intermittent  load  in  determining  the  temperature,  provided  the  losses  are 
equivalent. 

65«.  (3)  Minute  Rating  in  which  under  load  for  one  minute,  no  mechanical, 
thermal,  magnetic,  or  electrical  limit  of  capacity  is  exceeded  and  no  permanent 
change  is  wrought  in  the  apparatus. 

65/.  (4)  Variablb  Sbrvicb  Rathvo.  It  is  desirable  here  to  recognise  this 
class  of  rating  which  is  intended  to  cover  the  rating  of  motors  for  machine- 
tool  and  similar  service,  in  which  the  thermal  absorptive  capacity  plays  a  part. 
The  specifications  for  this  rating  have  not  been  fully  determined  at  the  time 
that  this  edition  of  the  Rules  goes  to  press. 
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66.  Ratino  in  Kilowatts.  Electrical  power  should  be  expreosed  in  kilo- 
watte,  except  when  otherwise  specified. 

67.  Afpabsmt  Powbr,  Kilovoi/t-Ampxrbs.  Apparent  power  in  altematine- 
current  circuita  should  be  expressed  in  kiiovolt-amperes  as  distinguished  from 
affective  power  in  kilowatts.  When  the  poweisf actor  is  100  per  cent,  the  ap- 
parent power  in  kilovolt-amperes  is  equal  to  ^e  kilowatts. 

68.  The  Rated  (Full-Load)  Current  is  that  current  which,  with  the  rated 
termiiud  volts^e,  gives  the  rated  kilowatts,  or  the  rated  kilovolt-amperes.  In 
machines  in  which  the  rated  voltage  diflfers  from  the  no-load  voltage,  the  rated 
current  should  refer  to  the  former. 

69.  Dbtbrmination  of  Rated  CuRRENf .  The  rated  current  may  be  de- 
termined as  follows:  If  P  ■•  rating  in  watts,  or  volt-amperes  if  the  power- 
factor  be  other  than  100  per  cent,  and  E  ■>  full-load  terminal  voltage,  the 
rated  current  per  terminal  is: 

p 

70.  ^  *"  "n  amperes,  in  a  direct-current  machine  or  single-phase  alternator. 

IP 

71.  /  s  — —  -=:  amperes,  in  a  three-phase  alternator. 

V3  * 

1  P 

72.  ^^  2R  <^°^P®'^Bi  ^  ft  quarter-phase  alternator. 

73.  Normal  Conditions.  The  rating  of  machines  or  apparatus  should  be 
baaed  upon  certain  normal  conditions  to  be  assumed  as  standard,  or  to  be 
specified.  These  conditions  include  voltage,  current,  power-factor,  frequency, 
wave  shape  and  speed;  or  such  of  them  as  may  apply  in  each  particular  case. 
Performance  tests  should  be  made  under  these  standard  conditions  unless 
otherwise  specified. 

74.  a.  Powbr-Factor.  Since  the  inherent  capacity  of  altcmatin|S-current 
generators,  synchronous  motors,  and  transformers,  depends  upon  their  voltage 
and  their  current,  they  should  be  rated  in  kilovolt-amperes.  If  the  apparatus 
is  rated  in  kilowatts  without  specification  as  to  the  power-factor,  a  power-factor 
of  100  per  cent  shall  be  understood. 

If  rated  in  kilowatts  and  a  power-factor  other  than  100  per  cent  be  specified, 
this  should  be  understood  aa  defining  only  the  nature  of  the  load,  and  not  as 
implying  an  increase  in  the  ampere  rating  of  the  apparatus,  which  should  be 
baaed  upon  the  kilowatt  rating  at  100  per  cent  power-factor. 

75.  b.  Wavb  Shape.  In  determining  the  rating  of  alternating-current  ma- 
chines or  apparatus,  a  sine-wave  shape  of  alternating  current  and  voltage  is 
assumed,  except  where  a  distorted  wave  shape  is  inherent  to  the  apparatus. 
See  Sees.  79-80. 

76.  FxTBBs.  The  rating  of  a  fuse  should  be  the  maximum  current  which  it 
will  continuously  carry. 

77.  CiRctnT-BRBAKBRS.  Thc  rating  of  a  circuit-breaker  should  be  the  max- 
imum current  which  it  is  designed  to  carry  continuously. 

77a.  Note.  In  addition  thereto,  the  maximum  current  and  voltage  at 
which  a  fuse  or  a  circuit-breaker  will  open  the  circuit  should  be  specified.  It 
b  to  be  noted  that  the  behavior  of  fuses  and  of  circuit-breakers  is  much  influ- 
enced by  the  amount  of  electric  power  available  on  the  circuit. 

78.  Indicating  Meters  should  be  rated  according  to  their  full-scale  reading 
of  volts,  amperes,  or  watts.  In  wattmeters  the  rated  volts  and  rated  amperes 
should  also  be  included;  i.e.,  the  volts  and  amperes  which  can  be  safely  and 
continuously  carried  by  the  voltage  and  current  coils  respectively. 

78a.   Watt-Hour  Meters  shoula  be  rated  in  volts  and  amperes. 

B.  WAVE   SHA^E. 

79.  The  Sine  Wave  should  be  oonsideKed  as  standard,  except  where  a  de- 
viation therefrom  is  inherent  in  the  operation  of  the  apparatus. 

80.  A  Maximum  Deviation  of  the  wave  from  sinusoidal  shape  not  exceeding 
10  per  cent  is  permissible,  except  when  otherwise  specified.  See  Sees.  5;,  81, 
82.  83.     See  Sees.  6«  to  SL 

C.  EFFICIENCY. 
(I)  Definitiont. 

84.  The  EflBciency  of  an  apparatus  is  the  ratio  of  its  output  to  its  input. 
The  output  sad  input  may  be  in  terms  of  watt-hours,  watts,  volt-amperes, 
amperes,  or  any  other  quantity  of  interest,  thus  respectively  defining  energy- 
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« 

effioienoy,  power-efficiencv,  apparent  power-efficiency,  current  efficiency^  ete. 
Unless  otherwise  specified,  however,  the  term  is  ordinarily  assomed  to  refer  to 
power-effideocy.  An  exception  should  be  noted  in  the  case  of  luminous  scniroas 
(see  Sec.  346). 

86.  Apparent  Eptxcibnct.  In  apparatus  in  which  a  phase  displaoement  is 
inherent  to  their  operation,  apparent  efficiency  should  oe  understood  as  the 
ratio  of  net  power  output  to  volt-ampere  input. 

87.  a.  Note.  Such  apparatus  comprises  induction  motors,  qynohionoos 
phase  modifiers,  synchronous  converters  controlling  the  voltafce  of  an  altei^ 
nating-current  system,  potential  regulators,  open  magnetic  circuit  transfcvmen, 
etc. 

88.  6.  Note.  Since  the  apparent  efficiency  of  apparatus  delivering  elaotrio 
power  depends  upon  the  power-factor  of  the  loaa,  the  apparent  emcieoey, 
unless  otherwise  specified,  should  be  referred  to  a  load  power-iaotor  of  unity. 

(II)  Meantrtnunt  of  Effideney, 

89.  Methods.  Efficiency  may  be  determined  by  either  of  two  methods, 
«u.:  by  measurement  of  input  and  output  or  by  measurement  of  losses. 

90.  a.  Method  or  Input  and  Output.  The  input  and  output  may  both 
be  measured  directly.     The  ratio  of  the  latter  to  the  former  is  the  efficieapy. 

91.  6.  Method  bt  Losbeb.  The  losses  may  be  measured  either  coUee- 
tively  or  individually.  The  total  losses  may  be  added  to  the  output  to  deriv« 
the  input,  or  subtracted  from  the  input  to  derive  the  output. 

92.  Comparison  or  Methods.  The  output  and  input  method  is  preferable 
with  small  machines.  When,  however,  as  m  the  case  of  large  machines,  it  is 
impracticable  to  measure  the  output  and  input,  or  when  the  percentage  of 
power  loss  is  small  and  the  efficiency  is  nearly  unity,  the  method  of  deter- 
mining efficiency  by  measuring  the  losses  should  be  followed. 

93.  Electric  Power  should  be  measiued  at  the  terminals  of  the  apparatus. 
In  tests  of  polyphase  machines,  the  measurement  of  power  should  not  be  con- 
fined to  a  single  circuit  but  should  be  extended  to  ail  the  circuits  in  order  to 
avoid  errors  of  unbalanced  loading. 

94.  Mechanical  Power  in  machmes  should  be  measured  at  the  pulley,  gear- 
ing, coupling,  etc.,  thus  excluding  the  loss  of  power  in  said  pulley,  gearing  or 
coupling,  but  indudinf;  the  bearing  friction  and  windage.  The  magnitude  of 
bearing  friction  and  wmdago  may  be  considered,  with  constant  speed,  as  inde- 
pendent of  the  load.  The  loss  of  power  in  the  belt  and  the  increase  of  bearing 
friction  due  to  belt  tension  should  be  excluded.  Where,  however,  a  maohine 
is  mounted  upon  the  shaft  of  a  prime  mover,  in  such  a  manner  that  it  cannot 
be  separated  therefrom,  the  frictional  losses  in  bearings  and  in  windage,  which 
ought,  by  definition,  to  be  included  in  determining  the  efficiency,  should  be 
excluded,  owing  to  the  practical  impossibility  of  separating  them  from  those  of 
the  prime  mover. 

95.  In  Auxiliary  Apparatus,  such  as  an  exciter,  the  power  lost  in  the  auxiliary 
apparatus  should^ot  oe  charged  to  the  principal  machine,  but  to  the  l^uit  oon- 
sisting  of  principal  machine  and  auxiliary  apparatus  taken  together.  The  plant 
efficiency  in  such  cases  should  be  distinguished  from  the  machine  efficiency. 

96.  Normal  Conditions.  Efficiency  tests  should  be  made  under  normal 
conditions  herein  set  forth,  which  are  to  be  assumed  as  standard.  These  con- 
ditions include  voltage,  current,  power-factor,  frequency,  wave  shape,  speed, 
temperature  and  barometric  pressure,  or  such  of  them  as  may  apply  in  eaoh 
particular  case.  Performance  tests  should  be  made  under  these  standard  con- 
ditions unless  otherwise  specified.     See  Sees.  73-75. 

97.  a.  Temperature.  The  efficiency  of  all  apparatus,  except  such  as  may 
be  intended  for  intermittent  service,  shoiild  be  either  measured  at,  or  reduoed 
to,  the  temperature  which  the  apparatus  assumes  under  continuous  operation 
at  rated  load,  referred  to  a  room  temperature  of  25^  C.     See  Sees.  267-293. 

98.  With  apparatus  intended  for  intermittent  service,  the  effideney  should 
be  determined  at  the  temperature  assumed  under  specified  conditions. 

99.  b.  Power-Factor.  In  determining  the  efficiency  of  altematine-curmnt 
apparatus,  the  electric  power  should  be  measured  when  the  current  is  in  phase 
with  the  voltage,  unless  otherwise  specified,  except  when  a  definite  phaas 
difference  is  inherent  in  the  apparatus,  as  in  induction  motors,  induction  gan- 
erators,  frequency  converters,  etc. 

100.  c.  Wave  Shape.  In  determining  the  efficiency  of  altemating-ourrent 
apparatus,  the  sine-wave  should  be  considered  as  standard,  except  whsrs  a 
difference  in  the  wave  form  from  the  sinusoidal  is  inherent  in  the  operation  of 
the  apparatus.    See  Sec.  80. 


PBBFORMANCB  SPECIFICATIONS  AND  TESTS.       500 

(in)  MeasuremtrU  of  Losses, 

101.  Looses.  The  usual  soureeo  of  losses  in  electrical  api>aratuB  and  the 
methods  of  determining  theee  losses  are  as  follows: 

iA)    BbABINO  FbICTZON   JLlfD  WlMDAGX. 

102.  The  magnitude  of  bearing  friction  and  windage  (which  majr  be  coil- 
aidered  as  independent  of  the  loaa)  is  conveniently  measured  by  driving  the 
machine  from  an  independent  motor,  the  output  of  whic^  may  be  suitably 
determined.    See  Sec.  94. 

iB)    Ck)MMUTATOB  BbUBH   FbICTXON. 

108.  The  magnitude  of  the  commutator  brush  friction  (which  may  be  con- 
sidered as  independent  of  the  load)  is  determined  by  measuring  the  difference 
in  power  reouired  for  driving  the  machme  with  brushes  on  and  with  brushes 
off  (the  field  being  unexciteo).  ^ 

(C)    COLLBCTOB-RXNQ  BbUSH  FbXCTION. 

104.  Collector-ring  brush  friction  may  be  determined  in  the  same  manner 
as  commutator  brush  friction.     It  is  usually  negligible. 

(Z>)  MoLXCuukB  Magnbtic  Fbiction  and  Eddt  Cubbents. 

105.  These  losses  include  those  due  to  molecidar  magnetic  friction  and  eddy 
currents  in  iron  and  copper  and  other  metallic  parts,  also  the  losses  due  to 
currents  in  the  croes-connections  of  cross-connected  armatures. 

100.  In  Machines  these  losses  should  be  determined  on  open  circuit  and  at  a 
voltage  equal  to  the  rated  voltage  -|-  /r  in  a  generator,  and  —  /r  in  a  motor, 
where  /J  denotes  the  current  strength  and  r  denotes  the  internal  resistance  of 
the  machine.  They  should  be  measured  at  the  correct  speed  and  voltage, 
since  they  do  not  usually  vary  in  any  definite  proportion  to  the  speed  or  to  the 
volteupa. 

107.  NoTB.  The  Total  Losses  in  bearing  friction  and  windage,  brush  fric- 
tion, magnetic  friction  and  eddy  currents  can,  in  general,  be  determined  by  a 
single  measurement  bv  driving  the  machine  with  the  field  excited,  either  as  a 
motor,  or  by  means  of  an  independent  motor. 

108.  Retabdation  Method.  The  no-load  iron,  friction,  and  windage  losses 
mi^  be  segregated  by  the  Retardation  Method.  The  generator  should  be 
brought  up  to  full  speed  (or,  if  possible,  to  about  10  per  cent  above  full  speed) 
as  B  motor,  and,  after  cutting  off  the  driving  power  and  excitation,  frequent 
readings  should  be  taken  of  speed  and  time,  as  the  machine  slows  down,  from 
which  a  speed-time  curve  can  be  plotted.  A  second  curve  should  be  taken  in 
th^  same  manner,  but  with  full  field  excitation;  from  the  second  curve  the  iron 
Io«aes  may  be  found  by  subtracting  the  losses  found  in  the  first  curve. 

109.  The  s^eed-time  curves  can  be  plotted  automatically  by  belting  a  small 
separately  excited  generator  (say  ^  kw.)  to  the  generator  shaft  and  connecting 
it  to  a  recording  voltmeter. 

iE)  ABMATUBE-RxBurrANCE  Loss. 

110.  This  loss  may  be  expressed  by  p/V;  where  r  »  resistance  of  one  arma- 
ture circuit  or  branch,  /  =■  the  current  in  such  armature  circuit  or  branch, 
and  p  »  the  number  of  armature  circuits  or  brancheiv 

(F)  CoianrrATOB,  Bbush  and  Bbush-Contact  Resistance  Loss. 

111.  It  is  desirable  to  point  out  that  with  carbon  brushes  these  losses  may 
be  considerable  in  low-voltage  machines. 

(0)  Ck}UJBCTOB-RxNO  AND  Bbush-Contact  Resibtancb  Loss. 

112.  This  loss  is  usually  negligible,  except  in  machines  of  extremely  low 
voltage  or  in  unipolar  machines. 

(£0    FxXIiD-EXdTATION   LoSB. 

113.  With  separately  excited  field,  the  loss  of  power  in  the  resistance  of  the 
field  coils  alone  should  be  considered.  With  either  shunt-  or  series-field  wind- 
falls, however,  the  loss  of  power  in  the  accompanying  rheostat  should  also  be 
included,  the  said  rheostat  being  considered  as  an  essential  part  of  the  machine, 
and  not  as  separate  auxiliary  apparatus. 

(1)  Load  Losses. 

114.  The  load  losses  may  be  considered  as  the  difference  between  the  total 
losses  under  load  and  the  sum  of  the  losses  as  above  specified  and  determined 


510  STANDARDIZATION   RULES. 

115.  a.  In  Commutating  Machine  of  small  field  distortioiit  the  load  k 
are  usually  trivial  and  may,  therefore,  be  neglected.  When,  however,  iho 
field  distortion  is  large  as  in  commutatmg-pole  machines,  or,  as  is  shown,  for 
instance,  by  the  necessity  for  shifting  the  orushes  between  no  load  and  full 
load  on  non-oommutating  i>ole  machines,  these  load  losses  ma^  be  oonakler- 
abie,  and  should  be  taken  into  account.  In  this  case  the  efficiency  may  bo 
determined  either  by  input  and  output  measurements,  .or  the  load  losses  may 
be  estimated  by  the  method  of  Sec.  116. 

116.  b.  Estimation  op  Load  Lossbs.  While  the  load  losses  cannot  w«ll 
be  determined  individually,  they  may  be  considerable  and,  therefore,  their 
joint  influence  should  be  determined  by  observation.  This  can  be  done  by- 
operating  the  machine  on  short-circuit  and  at  full-load  current,  that  ia,  by 
determinin|[  what  may  be  called  the  '^  short-circuit  core  loes.^'  With  the  low 
field  intensity  and  great  lag  of  current  existing  in  this  case,  the  loaMi  lossea  are 
usually  greatjy  exafBerated. 

117.  One-third  oTthe  short-circuit  core  loss  may,  as  an  approximation,  and 
in  the  absence  of  more  accurate  information,  be  assumed  as  the  load  loss. 

(IV)  Efficiency  of  Different  Types  of  Apparatus,^ 

iA)    DlRECT-CURBBNT  CoiflfUTATINQ   MaCHINBS. 

118.  In  Direct-Current  Commutating  Machines  the  losses  are: 

119.  a.  Bearing  Fbiction  and  Windaqb.   See  Meas.  of  Losses  {A),  See.  102. 

120.  b.  Molecular  Maqnbtic  Friction  and  Eddt  Currents.  See 
Meas.  of  Losses  (D),  Sec.  105. 

121.  e.  Armature  Resistance  Losses.     See  Meas.  of  Losses  (E),  Sec.  110. 

122.  d.  Commutator  Brush  Friction.    See  Meas.  of  Losses  (B),  Sec.  103. 

123.  e.  Commutator,  Brush  and  Brush-Contact  Resistance.  See  Meaa. 
of  Losses  (F),  Sec.  HI. 

124.  /.  Field-Excitation  Loss.     See  Meas.  of  Losses  (H),  Sec.  US. 
126.   a.  Load  Losses.     See  Meas.  of  "Losses  (/),  Sec.  114. 

126.  Note,  b  and  c  are  losses  in  the  armature  or  "armature  losses";  d  and 
e  "commutator  losses";  /  "field  losses." 

(B)  Alternatinq-Currbnt  Commutating  Machines. 

127.  In  Alternating-Current  Commutating  Machines,  the  losses  are: 

128.  a.  Bearing  Friction  and  Windage.    See  Meas.  of  Losses  (ii).  Sec.  102. 
120.   b.  Rotation  Loss,  measured  with  the  machine  at  open  circuit,  the 

brushes  on  the  commutator,  and  the  field  excited  by  alternating  current  when 
driving  the  machine  by  a  motor. 

130.  This  loss  includes  molecular  magnetic  friction  and  eddy  eurrenta, 
caused  by  rotation  through  the  magnetic  field,  I*r  losses  in  cross-oonnectiona 
of  cross-connected  armatures,  TV-  and  other  losses  in  armature-coils  and  arma- 
ture-leads which  are  short-circuited  by  the  brushes  as  far  as  these  lossea  are 
due  to  rotation. 

131.  c.  Alternating  or  Transformer  Loss.  These  losses  are  measured 
by  wattmeter  in  the  field  circuit,  under  the  conditions  of  test  b.  They  include 
molecular  magnetic  friction  and  eddy  currents  due  to  the  alternation  of  the 
magnetic  field,  /'r  losses  in  cross-connections  of  cross-connected  armatures, 
I*r  and  other  losses  in  armature  coil  and  commutator  leads  which  are  short- 
circuited  by  the  brushes,  as  far  as  these  losses  are  due  to  the  alternation  of  the 
magnetic  flux. 

132.  The  losses  in  armature-coils  and  commutator  leads  short-circuited  by 
the  brushes  can  be  separated  in  b  and  c  from  the  other  losses  by  running  the 
machine  with  and  without  brushes  on  the  commutator. 

133.  d.  I*R  Loss,  other  load  losses  in  armature  and  compensating  winding 
and  iV  loss  of  brushes,  may  be  measured  by  a  wattmeter  connected  aorosa  the 
armature  and  compensating  winding. 

134.  e.  Field-Excitation  Loss.     See  Meas.  of  Lossea  (//),  Sec.  113. 

135.  /.  Commutator  Brubh-F^iction.    See  Meas.  of  Losses  (B),  Sec.  103, 

(O  Stnchronoub  Commutating  Machines. 

136.  1.  In  Double-Current  Generators,  the  efficiency  of  the  machine 
should  be  determined  as  a  direct-current  generator,  and  also  as  an  alternating- 
current  generator.  The  two  vsdues  of  efficiency  may  be  different,  and  ahoiuid 
be  clearly  distinguished. 

137.  2.  In  Converters  the  losses  should  be  determined  when  driving  the 
machine  by  a  motor.     These  losses  are: 

138.  a.  Bxabino  Friction  and  Windage.   See  Meas.  of  Leasee  (A).  See.  102. 
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130.  b.  MoLXcm^AR  MAaNxnc  Fbiction  and  Eddt  CnsBaim.  See 
Meas.  of  Loiuee  (D),  Sec.  105. 

140.  c,  ABMATURB-RcaiBTAKCB  L088.  This  loss  in  the  armature  is  g/V, 
where  /  ■■  direct  current  in  armature,  r  «■  armature  resistance,  and  q,  a  factor 
which  is  equal  to  1.47  in  single-circuit  sinsle-phase,  1.15  in  double-circuit  single- 
phase,  0.59  in  three-phase,  0.39  in  two-pnase,  and  0.27  in  six-phase  converters. 

141.  d.  CoaCBCirrATOR-BRnaH  Friction.     See  Meas.  of  Losses  (B) ,  Sec.  103. 

142.  e.  CoLXJBCTOR-RiNO  Brush  Friction.  See  Meas.  of  Losses  (Q,  Sec.  104. 

143.  /.  Commutator.  Brush  and  Brush-Contact  Rrsistancb  Loss.  See 
Meas.  of  Losses  (F),  Sec.  111. 

144.  g.  Coluoctor-Rino  Brush-Contact  Rssibtancb  Loss.  See  Meas. 
of  Losses  (G),  Sec.  112. 

145.  h.  f^BLD-ExcTTATiON  LoBS.     See  Meas.  of  Losses  (H),  Sec.  109. 

146.  »'.  Load  Lobsbb.  These  can  generally  be  n^ected,  owing  to  the 
absence  of  field  distortion. 

147.  3.  The  Efficiency  of  Two  Similar  Converters  mav  be  determined  by 
operating  one  machine  as  a  converter  from  direct  to  altemating,  and  the 
other  as  a  converter  from  alternating  to  direct,  connecting  the  alternating 
Bides  tc^ether,  and  measuring  the  difference  between  the  direct-current  input 
and  the  direct-current  output.  This  process  may  be  modified  by  returmng 
the  output  of  the  second  machine  through  two  boosters  into  the  first  machine 
and  measuring  the  losses.  Another  modification  is  to  supply  the  losses  by 
an  alternator  between  the  two  machines,  using  potential  regulators. 

(£>)  Synchronous  Machines. 

14^.   In  Synchronous  Machines,  the  losses  are: 

149.  a.  Bearing  Friction  and  Windage.   See  Meas.  of  Losses  (A),  See.  102. 

150.  b.  Molecular  Magnetic  Friction  and  Eddt  Currbntb.  See  Meas. 
of  Losses  (D),  Sec.  105. 

151.  c.  Armaturb-Rbsibtancb  Lobb.     See  Meas.  of  Losses  (E)t  Sec.  110. 

152.  d.  Collector-Ring  Brush  Friction.  See  Meas.  of  Losses  (Oi  Sec. 
104. 

153.  e.  Collector-Ring  Brubh-Contact  Rbbistancb  Loss.  See  Meas. 
of  Losses  (G),  Sec.  112. 

IM.  /.  FiELD-ExciTATtON  LosB.     See  Meas.  of  Losses  (H),  Sec.  113. 

155.  g.  Load  Losses.    See  Meas.  of  Losses  (7),  Sec.  114. 

» 

(£)  Stationary  Induction  Apparatus. 

156.  In  Stationary  Induction  Apparatus,  the  losses  are: 

157.  a.  Moleciilar  Magnetic  Friction  and  Eddy  Currents  measured  at  open 
secondary  circuit,  rated  frequency,  and  at  rated  voltage  —  Ir,  where  /  >■  rated 
current,  r  *  resistance  of  primary  circuit. 

158.  b.  Resistance  Losses,  the  sum  of  the  I*r  losses  in  the  primary  and  in 
the  secondary  windings  of  a  transformer,  or  in  the  two  sections  of  the  coil  in  a 
compensator  or  auto-transformer,  where  /  "  rated  current  in  the  coil  or  section 
of  ooU,  and  r  »  resistance. 

159.  c.  Load  Losses,  i.e.,  eddy  currents  in  the  iron  and  especially  in  the 
copper  conductors,  caused  by  the  current  at  rated  load.  For  practical  pur- 
poses they  may  be  determined  by  short-circuiting  the  secondary  of  the  trans- 
former and  impressing  upon  the  primary  a  voltage  sufficient  to  send  rated-load 
current  through  the  transformer.  The  loss  in  the  transformer  under  these 
oooditions,  measured  by  wattmeter,  gives  the  load  losses  +  /V  losses  in  both 
primary  and  secondary  coils. 

160.  In  Closed  Magnetic  Circuit  Transformers,  either  of  the  two  circuits 
may  be  used  as  primary  when  determining  the  efficiency. 

161.  In  Potential  Regulators,  the  efficiency  should  be  taken  at  the  maximum 
voltage  for  which  the  apparatus  is  designed,  and  with  noninductive  load,  unless 
otherwiae  q>ecified. 

(F)  Rotary  Induction  Apparatus  or  Induction  Machines. 

162.  In  Rotary  Induction  Apparatus,  th&  losses  are: 

1 63.  a.  Bearing  Friction  and  Windage.    See  Meas.  of  Losses  (A),  Sec.  102. 

164.  b.  Molecular  Magnetic  Friction  and  Eddy  Currents  in  iron,  copper 
and  other  metallic  parts;  also  TV  losses  which  may  exist  in  multiple-circuit 
windings,  a  and  6  together  are  determined  by  running  the  motor  without 
load  at  rated  voltage,  and  measuring  the  power  input. 

165.  e.  Primary  P/2  Loss,  which  may  be  determined  by  measurement  of 
the  current  and  the  resistance. 
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166.  d,  Seoondary  PR  Loss,  which  may  be  detennined  as  in  the  primaiy 
when  feasible;  otherwise,  as  in  squirrel-cage  secondaries,  this  loss  is  measiu«d 
as  part  of  e. 

167.  e.  Load  Losses;  ».«.,  molecular  magnetic  friction,  and  eddy  currents 
in  iron,  copper,  etc.,  caused  by  the  stray  field  of  primary  and  secondary  cur- 
rents, and  secondary  I*R  loss  when  undeterminable  under  (cQ.  These  looses 
may  for  practical  purposes  be  determined  by  measuring  the  total  power,  with 
the  rotor  short-circuited  at  standstill  and  a  current  m  the  primary  circuit 
eqiukl  to  the  primary  energy  current  at  full  load.  The  loss  in  tne  motor  under 
these  conditions  may  be  assumed  to  be  equal  to  the  load  losses  +  I*t  losses  in 
both  primary  and  secondary  coils. 

(G)  Unipolab  OB  Acyclic  Machdtbs. 

168.  In  Unipolar  Machines,  the  losses  are: 

169.  (a)  Bbabing  Fbiction  and  Wi2n>AaB.  See  Meas.  of  Losses  (A),  Sao. 
102. 

170.  (b)  Moi/BCULAB  Maonbtic  Fbichon  and  Eddy  Cttbbents.  See 
Meas.  of  Losses  (E),  Sec.  106. 

171.  (c)  Abmatube-Rebibtancb  LoseBS.     See  Meas.  of  Losses  (Jff),  Sec.  110. 

172.  (d)  Collbctor-Brush  Friction.     See  Meas.  of  Losses  (C),  Bee.  104. 

173.  («)  CoLLBCTOB  BBuaH-CoNTACT  Rbsistancb.  See  Meas.  of  Losbbb 
({?),  Sec.  112. 

174.  CO  Fibld-Excttation.    See  Meas.  of  Losses  (H),  Sec.  113. 

175.  (g)  Load  Lossbs.     See  Meas.  of  Losses  (/),  See.  114. 

(H)  RBcnrYiNa  Apparatus,  Pulsatino-Gurrbnt  Qeneratobs. 

176.  This  division  includes:  open-ooil  arc  machines  and  mechanical  axid 
other  rectifiers. 

177.  In  Rectifiers  the  most  satisfactory  method  of  determining  the  effioieiMgr 
is  to  measure  both  electric  input  and  electric  output  by  wattmeter.  The 
input  is  usually  inductive,  owing  to  pha.ie  displacement  and  to  wave  distor- 
tion. For  this  reason  the  power-factor  and  the  apparent  efficiency  should  also 
be  considered,  since  the  latter  may  be  much  lower  than  the  true  efficiency. 
The  power  consumed  by  auxiliary  devices,  such  as  the  synchronous  motor  or 
cooling  devices,  should  be  included  in  the  electric  input. 

178.  In  Constant-Current  Rectifiers,  transforming  from  constant  potential 
alternating  to  constant  direct  current,  by  means  ol  constant-current  trans- 
forming devices  and  rectifying  devices,  the  losses  in  the  transforming  devices 
are  to  be  included  in  determinmg  the  efficiency  and  have  to  be  measured  when 
operating  the  rectifier,  since  in  this  case  the  losses  may  be  greater  than  when 
feeding  an  alternating  secondary  circuit.  In  constant-current  transforming 
devices,  the  load  losses  may  be  considerable,  and,  therefore,  should  not  be 
neglected. 

179.  In  Open-Coil  Arc  Machines,  the  losses  are  essentially  the  same  as  in 
direct-current  (closed  coil)  commutating  machines.  In  this  case,  however, 
the  load  losses  are  usually  greater,  and  the  efficiency  should  preferably  be 
measured  by  input-  and  output-test,  using  wattmeters  for  measuring  the 
output. 

179a.  In  alternating-current  rectifiers,  the  output  should,  in  general,  be 
measured  by  wattmeter  and  not  by  voltmeter  and  ammeter,  since,  owing  to 
pulsation  of  cxirrent  and  voltage,  a  considerable  discrepancy  may  exist  between 
watts  and  volt-amperes.  If,  however,  a  direct-current  and  an  alternating- 
current  meter  in  the  rectified  circuit  (either  a  voltmeter  or  an  ammeter)  give 
the  same  reading,  the  outout  ma^  be  measured  by  direct-current  Toltmeter  and 
ammeter.  The  type  of  alternating-current  instrument  here  referred  to  should 
indicate  the  effective  or  root-of-mean-square  value  and  the  type  of  direct* 
current  instrument  the  arithmetical  mean  value,  which  would  be  sero  on  an 
alternating-current  circuit. 

(/)  TBANBBiiflflioN  Lines. 

180.  The  efficiency  of  transmission  lines  should  be  measured  with  non- 
inductive  load  at  the  receiving  end,  with  the  rated  receiving  voltage  aad 
frequency,  also  with  sinusoidal  impressed  wave  form,  except  ^ere  ezpreaaly 
specified  otherwise,  and  with  the  exclusion  of  transformers  or  other  apparatus 
at  the  ends  of  the  line. 

(J)  Phabb-Displacino  Apparatus. 

183.  In  Ssmchronous  Phase-Modifiers  and  exciters  of  induction  generators, 
the  determination  of  losses  is  the  same  as  in  other  ssrnchronous  machines. 
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184.  In  Reactors,  the  loaaee  are  molecular  macnetio  friction,  eddy  loaees  and 
JV  lo0B.  They  should  be  measured  by  wattmeter.  The  losses  of  reactors 
should  be  determined  with  a  sine  wave  of  impressed  voltage  except  where 
exprcealy  BpwaSod  otherwise. 

185.  In  Condensers,  the  losses  are  due  to  dielectric  hysteresis  and  leakage, 
and  diould  be  determined  by  wattmeter  with  a  sine  wave  of  voltage  or  by  an 
alternating-current  bridge  method. 

186.  In  Polarisation  Cells,  the  losses  are  those  due  to  electric  resistivity 
and  a  loss  in  the  electrol3rte  of  the  nature  of  chemical  hysteresis.  These  losses 
may  be  considerable.  They  depend  upon  the  frequency,  voltage  and  temper- 
ature, and  should  be  determined  with  a  sine  wave  of  impressed  voltage,  except 
where  eq>rea8ly  specified  otherwise. 

D.  REGULATION. 
(I)  Definiiiont, 

187.  The  Regulation  of  a  machine  or  apparatus  in  regard  to  some  oharao- 
teristic  quantity  (such  as  terminal  voltage,  current  or  speed)  is  the  ratio  of  the 
deviation  of  that  quantity  from  its  normal  value  at  rated  load  to  that  normal 
value.  The  term  "regulation,"  therefore,  has  the  same  meaning  as  the  term 
"inherent  regulation,"  oooaaionallv  used. 

188.  CoHwrPANT  Svambahd.  If  the  characteristic  quantity  is  intended  to 
remain  constant  (e.^.,  constant  voltage,  constant  speed,  etc.)  between  rated 
load  and  no  load,  the  regulation  is  the  ratio  of  the  maximum  variation  from 
the  rated-load  value  to  the  no-load  value. 

189.  VABTiiro  Stamdahd.  If  the  characteristic  Quantity  is  intended  to  vary 
in  a  definite  manner  between  rated  load  and  no  load,  the  regulation  is  the 
ratio  of  the  maximum  variation  from  the  specified  condition  to  the  normal 
rated'load  value. 

100.  (a)  NoTB.  If  the  law  of  the  variation  (in  voltage,  current,  speed,  etc.) 
between  rated  load  and  no  load  is  not  specified,  it  shoma  be  assumed  to  be  a 
simple  linear  relation;  •'.«.,  one  undergoing  uniform  variation  between  rated 
load  and  no  load. 

191.  (6)  NoTB.  The  regulation  of  an  apparatus  may,  therefore,  differ 
aeoording  to  its  qualification  for  use.  Thus,  the  regulation  of  a  compound- 
wound  generator  specified  as  a  constant-potential  generator  will  be  different 
from  that  which  it  possesses  when  specified  as  an  over-compounded  gjenerator. 

192.  In  Constant-Potential  Machines,  the  regulation  is  the  ratio  of  the 
maximum  diEferenoe  of  terminal  voltage  from  the  rated-load  value  (occurring 
within  the  range  from  rated  load  to  open  circuit)  to  the  rated-loaa  terminal 
voltage. 

193.  In  Constant-Current  Machines,  the  regulation  is  the  ratio  of  the 
maximum  difference  of  current  from  the  rated-load  value  (occurring  within 
title  range  from  rated-load  to  short-circuit,  or  minimum  limit  of  operation)  to 
the  rated-load  current. 

194.  In  Constant-Power  Apparatus,  the  regulation  is  the  ratio  of  maxi- 
mum difference  of  power  from  the  rated-load  value  (occurring  within  the  range 
of  operation  specified)  to  the  rated  power. 

195.  In  Constant-Si)eed  Direct-Current  Motors  and  Induction  Motors,  the 
regulation  is  the  ratio  of  the  maximum  variation  of  speed  from  its  rated-load 
vuue  (occurring  within  the  range  from  rated  load  to  no  load)  to  the  rated-load 
speed. 

198.  The  r^pilation  of  an  induction  motor  is,  therefore,  not  identical  with 
the  slip  of  the  motor,  which  is  the  ratio  of  the  drop  in  speed  from  synchronism 
to  the  synchronous  speed. 

197.  In  Constant-Potential  Transformers,  the  reflation  is  the  ratio  of 
the  rise  of  secondary  terminal  voltage  from  rated  non-inductive  load  to  no  load 
(at  constant  primarv  impressed  terminal  voltage)  to  the  secondary  terminal 
vtiitage  at  rated  load. 

198.  In  Over-Compounded  Machines,  the  regulation  is  the  ratio  of  the 
maximimi  difference  m  voltage  from  a  straight  line  connecting  the  no-load 
and  rated-load  values  of  terminal  voltage  as  function  of  the  load  current  to 
tiie  rated-load  terminal  voltage. 

199.  In  0>nverter8,  Dynamotors,  Motoz^enerators  and  Frequency  Con* 
▼erters,  the  regulation  is  the  ratio  of  the  maximum  difference  of  terminal 
voltage  at  the  output  side  from  the  rated-load  voltage  to  the  rated-load 
voltage  on  the  outjput  side. 

800.  In  Transmission  Lines,  Feeders,  ete.,  the  regulation  is  the  ratio  of  the 
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maximum  voltage  dMerenoe  at  the  reoeivinc  end,  between  rated  non-inductive 
load  and  no  load,  to  the  rated-load  voltage  at  the  receiving  end  (with  oonstant 
voltage  impressed  upon  the  sending  end). 

201.  In  Steam  Engines,  the  regulation  is  the  ratio  of  the  maximum  vazia- 
tion  of  speed  in  passing  slowly  from  rated  load  to  no  load  (with  constant 
■team  pressure  at  the  throttle)  to  the  rated-load  speed.  For  variation  and 
pulsation  see  Sees.  5^64. 

202.  In  a  Hydraulic  Turbine  or  Other  Water>Motor,  the  regulation  is  the 
ratio  of  the  maximum  variation  of  speed  in  passing  slowly  from  rated  load  to 
no  load  (at  constant  head  of  water;  $.«.,  at  constant  difference  of  level  betweea 
tail  race  and  head  race)  to  the  rated-load  speed.  For  variation  and  pulsation 
see  Sees.  5»-64. 

203.  In  a  Generator^Unit,  consisting  of  a  generator  umted  with  a  prime- 
mover,  the  regulation  should  be  determined  at  constant  conditions  of  the 
prime>mover;  i.e.,  constant  steam  pressure,  head,  etc.  It  includes  the  inher- 
ent speed  variations  of  the  prime-mover.  For  this  reason  the  regulation  of  a 
generator-unit  is  to  be  distinguished  from  the  regulation  of  either  the  prime- 
mover,  or  of  the  generator  contained  in  it,  when  taken  separately. 

(II)  ConditioTU  for  and  TeaU  of  RegtUation. 

204.  Spebd.  The  Regulation  of  Generators  is  to  be  determined  at  oonstant 
■peed,  and  of  alternating  apparatus  at  constant  impressed  fraquene^. 

205.  NoN-lNDucnvB  Load.  In  appu»tus  generating,  transforming  or 
transmitting  alternating  currents,  relation  should  be  unaerstood  to  refer  to 
non-inductive  load,  that  is,  to  a  load  m  which  the  current  is  in  phase  with  the 
K.M.F.  at  the  output  side  of  the  apparatus,,  except  where  exj^roaaiy  specified 
otherwise. 

206.  Wavb  Fobu.  In  alternating  apparatus  receiving  electric  power,  regu- 
lation should  refer  to  a  sine  wave  of  E.M.F.,  except  where  expressly  specmiBd 
otherwise. 

207.  ExcrTATiON.  In  oonxmutating  machines,  rectifying  machines,  and 
synchronous  machines,  such  as  direct-current  generators  and  motors,  alter- 
nating-current and  polyphase  generators,  the  regulation  is  to  be  determined 
under  the  following  conditions: 

(1)  At  constant  excitation  in  separately  excited  fields. 

(2)  With  constant  resistaQce  in  shunt-neld  circuits,  and 

(8)  With  constant  resistance  shunting  series-field  circuits;  i.e.,  the  field 
adjustment  should  remain  constant,  and  should  be  so  chosen  as  to  give  the 
required  rated-load  voltage  at  rated-load  current. 

208.  Impbdancb  Ratio.  In  alternating-current  apparatus,  in  addition  to 
the  non-inductive  regulation,  the  impedance  ratio  of  the  apparatus  should  be 
specified;  ».e.,  the  ratio  of  the  voltage  consumed  by  the  total  internal  im- 
pedance of  the  apparatus  at  rated-load  current  to  its  rated-load  voltage.  Am 
far  as  possible,  a  sinusoidal  current  should  be  used. 

209.  CoMPOTATiON  or  Reoulation.  In  synchronous  machines,  the  open- 
circuit  exciting  ampere-turns  corresponding  to  terminal  voltage  plus  armature- 
resistance-drop  and  the  exciting  ampere-turns  at  short-circuit  for  rated-load 
current  should  be  combined  vectorially  to  obtain  the  resultant  ampere-tunis, 
and  the  corresponding  internal  E.M.F.  should  be  taken  from  the  saturation 
curve. 

E.  INSULATION. 
(I)  InndaHon  Renttance. 

210.  Insulation  Resistance  is  the  ohmic  resistAnoe  offered  by  an  insulating 
coating,  cover,  material  or  support  to  an  impressed  voltage,  tending  to  produce 
a  leakage  of  current  through  the  same. 

211.  Ohiiic  Rbsibtancb  akd  Diklbctrxc  Strbnoth.  The  ohmic  resistance 
of  the  insulation  is  of  secondary  importance  only,  as  compared  with  the  dieleo- 
tric  strength,  or  resistance  to  rupture  by  high  voltage.  Since  the  ohmic  re- 
sistance of  the  insulation  can  be  very  greatly  increased  by  baking,  but  the 
dielectric  strexigth  is  liable  to  be  weakened  thereby,  it  is  preferable  to  specify 
a  high  dielectric  strength  rather  than  a  high  insulation  resistance.  The  high- 
voltage  test  for  dielectric  strength  should  always  be  applied. 

212.  Rbcommendbd  Value  of  Rbsistancs.  The  msulation  resistance  of 
completed  apparatus  should  be  such  that  the  rated  terminal  voltage  of  the 

apparatus  will  not  send  more  than  .  qqoqqq  of  the  rated-load  current  through 
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tiie  insulation.    Where  the  value  found  in  this  way  exceeds  one  meiohm,  it  is 
usually  sufficient. 

213.  Insulation  Resistance  Tests  should,  if  possible,  be  made  at  the  pressure 
for  which  the  apparatus  is  designed. 

(II)  DieUeiric  Strength. 

iA)  Tswr  VoL/TAoas. 

214.  DHmnnoN.  The  dielectric  strength  of  an  insulating  wall,  coating, 
cover  or  path  is  measured  by  the  voltage  which  must  be  applied  to  it  in  order 
to  effect  a  disruptive  discharge  through  the  same. 

215.  Basis  ron  Dbtbrminino  Tbst  Voi/rAOBa.  The  test  voltage  which 
should  be  i4>plied  to  determine  the  suitability  of  insulation  for  commercial 
operation  is  dependent  uoon  the  kind  and  sise  of  the  apparatus,  and  its  normal 
operating  voltage  upon  the  nature  of  the  service  in  which  it  is  to  be  used  and 
the  seveii]^  of  the  mechanical  and  electrical  stresses  to  which  it  may  be  sub- 
jected. T^e  voltages  and  other  conditions  of  test  which  aie  recommended 
nave  been  determined  as  reasonable  and  proper  for  the  great  majority  of  eases 
and  are  proposed  for  general  adoption,  except  when  specafic  reasons  make  a 
modification  desirable. 

216.  Condition  of  Appabatub  to  bb  Tbsted.  Commercial  tests  should, 
in  general,  be  made  with  the  completely  assembled  api>aratus  and  not  with 
individual  parts.  The  apparatus  should  be  in  good  oondition  and  hi|(h- 
voltage  teets,  unless  otherwise  specified,  should  be  applied  before  the  machme 
is  put  into  commercial  service,  and  should  not  be  applied  when  the  insulation 
resistance  is  low  owiug  to  dhi  or  moisture.  High-voltage  tests  should^  in 
general,  be  made  at  the  temperature  assumed  under  normaloperation.  High- 
voltage  tests  considerably  in  excess  of  the  normal  ventages  to  determine  whether 
specifications  are  fulfilled  are  admissible  on  new  machines  only.  Unless 
otherwise  agreed  upon,  high-voltage  tests  of  a  machine  should  be  understood 
as  being  made  at  the  factory. 

217.  PoxNTB  or  Application  or  Voi^taob.  The  test  voltage  should  be  suo- 
oeesiviely  applied  beiween  each  electric  circuit  and  all  other  electric  circuits 
induding  conducting  material  in  the  apparatus. 

218.  The  Frequency  of  the  alternating-current  test  voltaoe  is,  in  general, 
immaterial  within  commercial  ranges.  When,  however,  the  frequency  has  an 
appreciable  effect,  as  in  alternating-current  apparatus  of  high  voltage  and 
considerable  capacity,  the  rated  frequency  of  the  ^paratus  should  be  used. 

219.  Tablb  op  TisanNa  Voltaobs.  The  following  voltages  are  recom- 
mended for  testixig  all  apparatus,  lines  and  cables,  by  a  continued  application 
for  one  minute.  The  test  should  be  with  alternating  voltage  having  a  virtual 
vidua  (or  root  mean  square  referred  to  a  sine  wave  of  voltage)  given  in  the 
table,  and  preferably  for  teets  of  alternating  apparatus  at  the  normal  frequency 
of  the  H>P«ratU8. 

S2a  Bated  Terminal  Voltage  of  Circuit.        Rated  Output.  Testing  Voltage. 

Not  exceeding  400  volts Under  10  kw.     .    .   1,000  volts 

-     "         ^  "       10  kw.  and  over     .   1.600     " 

400  and  over,  but  less  than     800  volts    .    .  Under  10  kw.     .    .   1,500     ** 
*      '*      "  ••  "       "       .    .   10  kw.  and  over     .   2.000     " 

800    ••      "  "  1,200     ••       .    .  Any 3,600     " 

1,200    "      -  •'  2,500     "       .    .  Any 5,000     " 

2,500    **      ** Any      .    .   Double  the  normal 

rated  voltages. 

221.  Exception.  —  Tbanbfobicbbs.  Transformers  having  primarv  pres- 
sures of  from  550  to  6,000  volts,  the  secondaries  of  which  are  directly  con- 
nected to  consumption  circuits,  should  have  a  testing  voltage  of  10.000  volts, 
to  be  applied  between  the  primary  and  secondary  windings,  and  also  between 
tike  primary  winding  and  the  core. 

222.  Exception.  —  Field  Windings.  The  tests  for  field  windings  should 
be  based  on  the  rated  voltage  of  the  exciter  and  the  rated  output  of  the  ma- 
chine of  which  the  coils  are  a  part.  Field  windings  of  synchronous  motors  and 
converters,  which  are  to  be  started  by  applying  alternating  current  to  the 
armature  when  the  field  is  not  excited  and  when  a  high  voltage  is  induced  in 
the  field  windinn,  should  be  tested  at  5,000  volts. 

223.  Rated  Tebminal  Voltage.  —  Definition.  The  rated  terminal  volt- 
age ai  circuit  in  the  above  table  means  the  voltage  between  the  conductors  of 
ue  otrouit  to  which  the  apparatus  to  be  tested  is  to  be  connected;  for  in- 

fai  thrae-pbase  drouits  the  delta  voltage  should  be  taken.    In  the 
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foilowinc  tpeoifio  eaaea,  the  rated  terminal  voltase  of  the  oirouit  is  to  be  de- 
termined as  specified  in  ascertaining  the  testing  volta^:  , 

224.  (a)  TBAjfsroRMSBS.  The  test  of  the  insulation  between  the  primary 
and  secondary  windings  of  transformers  is  to  be  the  same  as  that  between  the 
high-Yoltai^  windings  and  core,  and  both  tests  should  be  made  simultaneoualy 
by  connecting  the  low-voltage  winding  and  core  together  during  the  test.  If 
a  voltage  eqiial  to  the  specified  testing  volta^  be  induced  in  the  high-voltage 
winding  of  a  transformer  it  may  be  used  for  insulation  tests  instead  of  an  in- 
dependently induced  voltage.  These  teste  should  be  made  first  with  one  end 
and  then  with  the  other  end  of  the  high-tension  winding  connected  to  the  low- 
tension  winding  and  to  the  core. 

226.  (b)  CoNSTAMivCuBRBNT  Apparatcb.  The  testing  voltage  is  to  be 
based  upon  a  rated  terminal  voltage  equal  to  the  twi^yirn"m  voltage  which  may 
exist  at  open  or  closed  circuit. 

226.  (c)  Appabatub  in  Sbbibb.  For  tests  of  machines  or  apparatus  to  be 
operated  m  series,  so  as  to  employ  the  sum  of  their  separate  voltages,  the 
testing  voltage  is  to  be  based  upon  a  rated  terminal  voltage  equal  to  tne  sum 
of  the  separate  voltages  except  where  the  frames  of  the  machines  are  sei>aratdly 
insulated,  both  from  the  ground  and  from  each  other,  in  which  case  the  test 
for  insulation  between  machines  should  be  based  upon  the  voltage  of  one 
machine,  and  the  test  between  each  machine  and  ground  to  be  based  upon  the 
total  voltage  of  the  series. 

(B)    MSTHODB  OF  TSBTINO. 

227.  Clabbbb  or  Tksts.  Tests  for  dielectric  strength  cover  such  a  wide 
rani^e  in  voltage  that  the  apparatus,  methods  and  precautions  which  are  essen- 
tial m  certain  cases  do  not  apply  to  others.  For  convenience,  the  tests  will  be 
separated  into  two  classes: 

228.  Class  1.  This  class  includes  all  apiwratus  for  which  the  test  voltage 
does  not  exceed  10  kilovolts.  unless  the  apparatus  is  of  very  large  static  capacity, 
e.^.,  a  large  cable  system.  This  class  also  includes  all  apparatus  of  tanall  static 
capacity,  such  as  line  insulators,  switches  and  the  like,  for  all  test  voltages. 

229.  Method  of  Test  fob  Class  1.  The  test  voltage  is  to  be  continuously 
applied  for  the  prescribed  interval  (one  minute,  unless  otherwise  specified). 
Tne  test  voltage  may  be  taken  from  a  constant-potential  source  and  api>liea 
directly  to  the  apparatus  to  be  tested,  or  it  may  be  raised  gradually  as  specified 
for  tests  under  Class  2. 

230.  Class  2.    This  class  includes  all  apparatus  not  included  in  Class  1. 

231.  Method  op  Test  for  Clabs  2.  The  test  voltage  is  to  be  raised  to 
the  required  value  smoothly  and  without  sudden  large  increments  and  is  then 
to  be  continuously  applied  for  the  prescribed  interval  (one  minute,  unless 
otherwise  specified),  and  then  gradually  decreased. 

232.  Conditions  and  Precadtions  for  Clabb  1  and  Class  2.  The  follow- 
ing apply  to  all  tests: 

233.  The  Wave  Shape  should  be  approximately  sinusoidal  and  the  apparatus 
in  the  testing  circuits  should  not  materially  distort  this  wave. 

234.  The  Supply  Circuit  should  have  ample  current-supply  ci^acity  so  that 
the  charging  current  which  may  be  taken  by  the  apparatus  under  test  will 
not  materially  alter  the  wave  form  nor  materially  affect  the  test  voltage. 
The  circuit  should  be  free  from  accidental  interruptions. 

235.  Resistance  or  Inductance  in  series  with  the  primary  of  a  raising  tran^ 
former  for  the  purpose  of  controlling  its  voltage  is  liable  seriously  to  affect 
the  wave  form,  thereby  causing  the  maximum  value  of  the  vt^tage  to  bear  a 
different  and  unknown  ratio  to  the  root  mean  square  value.  This  method  of 
voltaf[e  adjustment  is,  therefore,  in  general,  undesirable.  It  may  be  noted 
that  if  a  resistance  or  inductance  is  employed  to  limit  the  current  when  burn- 
ing out  a  fault,  such  resistance  or  inductance  should.be  short-circuited  during 
the  regulMT  voltage  test. 

236.  The  Insulation  under  test  should  be  in  normal  condition  as  to  dry 
ness  and  the  temperature  should,  when  possible,  be  that  reached  in  nocmal 
service. 

237.  ADDmoNAL  CMndxtionb  and  Prbcautionb  fob  Clabb  2.  The  follow* 
ing  conditions  and  precautions,  in  addition  to  the  foregoing,  apply  to  testa  of 
apparatus  included  m  Class  2. 

238.  Sudden  Increment  of  Testing  Voltage  on  the  apparatus  under  test 
should  be  avoided,  particulariy  at  hiiB^h  voltages  and  with  apparatus  havinc 
considerable  capacity,  as  a  momentarily  excessive  rise  in  testing  voltage  will 

't. 
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230.  Sudden  VariatioDfl  in  TeBtins  Vottage  of  the  eireoit  supplying  the 
voltage  during  the  test  should  be  avoided  as  they  are  likely  to  set  up  injurioue 
oedllation. 

240.  Good  Connections  in  the  circuits  supplying  the  test  voltage  are  easen* 
tial  in  order  to  prevent  injurious  high  frequency^disturbanoes  from  being  set 
up.  When  a  heavy  current  is  carried  by  a  smsill  water  rheostat,  arcing  may 
occur,  causing  high-frequency  disturbances  which  should  be  carefully  avoided. 

241.  Tbanbvobmbb  Coilb.  In  high-voltage  transformers,  the  low-voltage 
oofl  should  preferably  be  connected  to  the  core  and  to  the  ground  when  the 
hi^-voltage  test  is  being  made,  in  order  to  avoid  the  stress  from  low-voltage 
eoil  to  core,  which  would  otherwise. result  throui^h  condenser  action.  The 
various  terminah  of  each  winding  of  the  high-tension  transformer  under  test 
should  be  connected  together  dunng  the  test  in  order  to  prevent  undue  stress 
on  the  insulation  between  turns  or  sections  of  the  winding  in  case  the  hi|^- 
voltage  test  causes  a  breakdown. 

(C)    MSTHODS  FOR  MSAflUBINa  THB  TXST  VOLTAQB. 

242.  For  Measuring  the  Test  Voltage,  two  instruments  are  in  common 
use,  (1)  the  spark  gap  and  (2)  the  voltmeter. 

243.  1.  The  Spark  Gap  is  ordinarily  adjusted  so  that  it  will  break  down 
with  a  certain  predetermined  voltage,  and  is  connected  in  parallel  with  the  in- 
solation under  test.  It  ensures  that  the  voltage  applied  to  the  insulation  is 
not  greater  than  the  breakdown  voltage  of  the  spark  gap.  A  given  setting  of 
^e  spark'gap  is  a  measure  of  one  definite  voltage,  and,  as  its  operation  depends 
upon  the  maximum  value  of  the  voltage  wave,  it  is  independent  of  wave  form 
and  is  a  limit  on  the  maximum  stress  to  which  the  insulation  is  subjected.  The 
^Mtrk  gap  is  not  conveniently  adapted  for  comparatively  low  voltages. 

244.  In  Spark-Gap  Measurements,  the  spark  mlp  may  bo  set  for  the  re- 
inured  voltage  and  the  auxiliary  apparatus  adjusted  to  give  a  voltage  at  which 
this  spark  gap  just  breaks  down.  The  spark  gap  should  then  be  adjusted  for, 
say.  10  per  cent  higher  voltage,  and  the  auxiliary  apparatus  again  adjusted  to 

g've  the  voltage  of  Uie  former  breakdown,  which  is  to  be  the  assumed  voltage 
ir  the  test.    This  voltage  is  to  be  maintained  for  the  required  interval. 

245.  The  Spaik  Points  should  consist  of  new  sewing  needles,  supported 
axially  at  the  ends  of  linear  conductors  which  are  each  at  least  twice  the  length 
of  the  ga^.  There  should  be  no  extraneous  body  near  the  gap  within  a  radius 
of  twice  its  length.  A  table  of  approximate  striking  distances  is  given  in 
Appendix  D.  This  table  should  be  used  in  connection  with  tests  made  by  the 
spwk-gap  methods. 

246.  A  Non-inductive  Resistance  of  about  one-half  ohm  per  volt  should  be 
inserted  in  series  with  each  terminal  of  the  gap  so  as  to  keep  the  discharge 
current  between  the  limits  of  one-quarter  ampMere  and  2  ami>eres.  The  pur- 
poes  of  the  resistance  is  to  limit  the  current  in  order  to  prevent  the  surges 
which  might  otherwiae  occur  at  the  time  of  breakdown. 

247.  2.  The  Voltmeter  gives  a  direct  reading,  and  the  different  values  of  the 
voltage  can  be  read  during  the  application  and  dur&tion  of  the  test.  It  ia 
suitable  for  all  voltages,  and  does  not  introduce  disturbances  into  the  test 
circuit. 

24S.  In  Voltmeter  Measurements,  the  voltmeter  should,  in  general,  derive 
Its  voltage  from  the  high-tension  testing  circuit  either  directly  or  through  an 
auxiliary  ratio  transformer.  It  is  permissible,  however,  to  measure  the  volt- 
B^fi  at  other  places,  for  example,  on  the  primary  of  the  transformer,  pro- 
vided the  ratio  of  transformation  does  not  materiaUy  vary  during  the  test;  or 
that  proper  account  is  taken  thereof. 

249.  Spark  Gap  axo  WovnivrmR.  The  sj^ark  gap  may  be  employed  as  a 
check  upon  the  voltmeter  used  in  high-tension  tests  in  order  to  determine 
the  transformation  ratio  of  the  transformer,  the  variation  from  the  sine  wave 
form  and  the  like.  It  is  also  useful  in  conjunction  with  voltmeter  measure- 
inanta  to  limit  the  stress  applied  to  the  insulating  material. 

(D)  Appabatub  pob  &vm.Taia  Tbst  Voltaob. 

250.  The  Generator  or  Circuit  suppljring  voltage  for  the  test  should  have 
ample  current  carrying  capacity,  so  that  the  current  which  may  be  taken  for 
eharging  the  apimratus  to  be  tested  will  not  materially  alter  the  wave  form  nor 
otherwise  materially  change  the  voltage. 

The  Testing  Tnmsformer  should  be  such  that  its  ratio  of  transformation 
does  not  vary  more  than  10  per  cent  when  delivering  the  charging  current 
required  by  the  apparatus  under  test.  (This  may  be  determined  by  short- 
ciroiiiiiiic  the  secondary  or  high-v<Mtage  winding  ol  the  testing  tranaformar 
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and  sui^plying  ^  of  the  primary  voltage  to  the  Driouuy  under  this  oondition. 
The  primary  current  that  flows  under  this  oonaition  is  the  maximum  whioh 
should  be  permitted  in  regular  dielectric  test.) 

251.  The  Voltage  Control  may  be  secured  in  either  of  several  waya«  whieh, 
in  order  of  preference,  are  as  follows: 

262.    1.  By  generator  field  circuit. 

253.  2.  By  magnetic  commutation. 

254.  3.  By  change  in  transformer  ratio. 

255.  4.  By  resistance  or  choke  coils. 

256.  In  Generator  Voltage  Control,  the  voltage  of  the  generator  should 
preferably  be  about  its  approximate  normal  rated-load  value  when  the  full 
testing  voltage  is  attained,  whioh  requires  that  the  ratio  of  the  raising  trans- 
former be  such  that  the  full  testing  voltaip  is  reached  when  the  generator 
voltage  is  normal.  This  avoids  the  instability  in  the  generator  which  may 
occur  if  a  considerable  leading  current  is  taken  from  it  when  it  has  low  voltage 
and  low  field  current. 

257.  In  Magnetic  Commutation^  the  control  is  effected  by  shunting  the  mag- 
netic flux  through  a  secondary  coil  so  as  to  vary  the  induction  through  the 
coil  and  the  voltage  induced  in  it.  The  shunting  should  be  effected  smoothly, 
thus  avoiding  sudden  changes  in  the  induced  voltage. 

258.  In  Transformer  Voltage  Control,  by  change  of  ratio,  it  is  necessary 
that  the  transition  from  one  step  to  another  be  made  without  interruption  of 
the  test  voltage,  and  by  steps  sufficiently  small  to  prevent  surges  in  the  testing 
circuit.  The  necessity  of  this  precaution  is  greater  as  the  inductance  or  the 
static  capacity  of  the  apparatus  in  the  testing  circuit  under  test  is  greater. 

250.  When  Resistance  Coils  or  Reactors  are  used  for  voltage  control,  it  ia 
desirable  that  the  testing  voltage  should  be  secured  when  the  controlling 
renstance  or  reactance  is  very  nearly  or  entirely  out  of  circuit  in  order  that 
the  disturbing  effect  upon  the  wave  form  which  results  may  be  negligible  at 
the  highest  voltage. 

F.  CONDUCTIVITY. 

260.  CopPBB.  The  conductivity  of  oopper  in  annealed  wires  and  in  electric 
cables  should  not  be  less  than  98  per  cent  of  the  Annealed  Copper  Standard, 
and  the  conductivity  of  hard-drawn  copper  wires  should  not  be  less  than  05 
per  cent  of  the  Annealed  Copper  Standard.  The  Annealed  Copper  Standard 
represents  a  mass-resistivitv  of  0.153022  ohm  per  roetorgram  at  20"  C.  or 
873.75  ohms  per  mile-pound  at  20°  C;  or  using  a  density  of  8.80,  a  volume- 
resistivity  of  1.72128  microhm-cm.,  or  microhms  in  a  cm.  cube,  at  20"  C,  or 
0.67767  microhm-inch  at  20"  C. 

G.  RISE  OF  TEMPERATURE. 
(I)  Meantrement  of  Temperature. 
(A)  Mbthods. 

261.  There  are  two  methods  in  common  use  for  determining  the  rise  in  tem- 
perature, vis..*  (1)  by  thermometer,  and  (2)  by  increase  in  resistance  of  an 
electric  circuit. 

262.  1.  By  Thbrmometbb.  The  following  precautions  should  bo  observed 
in  the  use  of  thermometers: 

263.  a.  pROTScnoN.  The  thermometers  indicating  the  room  temperature 
should  be  protected  from  thermal  radiation  emitted  by  heated  bodies,  or 
from  draughts  of  air  or  from  temporary  fluctuations  of  temperature.  Several 
room  tbermometora  should  be  used.  In  using  the  thermometer  by  applying 
it  to  a  heated  i>art,  care  should  be  taken  so  to  protect  its  bulb  as  to  i)revent 
radiation  from  it,  and,  at  the  same  time,  not  to  interfere  seriously  with  the 
normal  radiation  from  the  part  to  which  it  is  applied. 

264.  6.  Bxtlb.  When  a  thermometer  is  applied  to  the  free  surface  of  a 
machine,  it  is  desirable  that  the  bulb  of  the  thermometer  should  be  covered 
by  a  nad  of  definite  area.  A  convenient  pad  may  be  formed  of  cotton  waste 
in  a  shallow  circular  box  about  one  and  a  half  inches  in  diameter,  through  a 
slot  in  the  side  in  whioh  the  thermometer  bulb  is  inserted.  An  unduly  large 
pad  over  the  thermometer  tends  to  interfere  with  the  natural  liberation  of 
heat  from  the  surface  to  whioh  the  thermometer  is  applied. 

265.  2.  By  Incrbasb  in  Ri»I0TANCb.  The  resistance  may  be  measured 
either  by  the  Wheatstone  bridge,  the  Thomson  or  Kelvin  double  bridge,  the 
potentiometer  method,  or  the  ammeter  and  voltmeter  method.  If  a  tem- 
perature coefficient  must  be  assumed,  ito  value  for  copper  may  be  taken  to  be 
0.00304  per  degree  C.  from  and  at  20^  C,  or  0.00428  per  degree  C.  from  And  M 
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OP  C.  This  vaiue  holds  for  avenge  oommeroial  annedUd  eopper.  If  the  <M>pper 
wire  is  hard-drawn,  or  if  the  conductivity  is  known,  a  different  value  of  tem- 
perature coefficient  should  be  taken,  aeoordins  to  the  explanation  and  dis- 
cussion of  the  temperature  coefficient  in  Appendix  E. 

The  temperature  rise  may  be  determined  either  (1)  by  dividing  the  per 
cent  increase  of  initial  resistance  by  the  temperature  coefficient  for  the  initial 
temperature  expressed  in  per  cent;  or  (2i  by  multiplying  the  increase  in  per 
cent  of  the  initial  resistance  by  T  plus  tne  initial  temperature  in  degrees  C, 
and  then  dividing  the  product  b^  100.  (—  T  is  the  inferred  absolute  sero 
temperature  of  resistance"  and  is  ^ven  in  the  last  column  of  the  table  in 
AmModix  E.     For  average  commercial  annnUd  copper  it  is  233.8.) 

200.  8.  Comparison  or  Msthods.  In  electrical  conductors,  the  rise  of 
temperature  should  be  determined  by  their  increase  of  resistance  where  prao- 
tacable.  Temperature  elevations  measured  in  this  way  are  usually  in  excess  of 
temperature  elevations  measured  by  thermometers.  In  very  low-resistance 
circuits,  thermometer  measurements  are  frequently  more  reliable  than  measure- 
ments b:^  the  resistance  method.  Where  a  thermometer  applied  to  a  coil  or 
winding  indicates  a  higher  temperature  elevation  than  thi^t  shown  by  resistance 
measurement,  the  thermometer  indication  should  be  accepted. 

(0)  NoBiiAL  CoHDrnoNS  roR  Turn. 

207.  1.  DuBATiON  OF  Tests.  The  temperature  should  be  measured  after 
a  run  of  sufficient  duration  for  the  apparatus  to  reach  a  practically  constant 
temperature.  This  is  usually  from  6  to  18  hours,  according  to  the  sise  and  con- 
struction of  the  apparatus.  It  is  permissible,  however,  to  shorten  the  time  of 
the  test  by  running  a  lesser  time  on  an  overload  in  current  and  voltage,  then 
reducing  the  load  to  normal,  and  maintaining  it  thus  until  the  temperature 
has  become  constant. 

268.  2.  Room  Tkmpsraturb.  The  rise  of  temperature  should  be  referred 
to  Uie  standard  condition  of  a  room  temperature  of  25°  C. 

209.  Tbmpbraturk  Cosrbctton.  If  the  room  temperature  during  the 
test  differs  from  25°  C,  correction  on  account  of  difference  in  resistance  should 
be  made  by  changing  the  observed  rise  of  temperature  by  one-half  per  cent 
for  each  degree  Centigrade.  Thus  with  a  room  temperature  of  35°  C,  the 
observed  rise  of  temperature  has  to  be  decreased  by  6  per  cent,  and  with  a 
room  temperature  of  15°  C,  the  observed  rise  of  temperature  has  to  be  increased 
by  5  per  cent.  In  certain  cases,  such  as  shimt-field  circuits  without  rheostat, 
the  current  strength  will  be  changed  by  a  change  of  room  temperature.  The 
heat-production  and  dissipation  may  be  thereby  affected.  Correction  for 
this  should  be  made  by  dianging  the  observed  rise  in  temperature  in  propor- 
tion as  the  I*R  loss  in  the  resistance  of  the  apparatus  is  altered  owing  to  the 
difference  in  room  temperature. 

270.  3.  Babombtric  Prbssurb.  Ventilation.  A  barometric  pressure  of 
700  mm.  and  normal  conditions  of  ventilation  ^ould  be  oonslderea  as  stand- 
aid,  and  the  apparatus  under  test  should  neither  be  exposed  to  draught  nor 
enclosed,  except  where  expressly  specified.  The  barometric  pressure  needs 
to  be  considerBd  only  when  differing  greatly  from  700  mm. 

271.  Barombtric  Prbssurb  Cobrbction.     When  the  barometric  pressure 

differs  greatly  from  the  standard  pressure  of  700  mm.  of  mercury,  as  at  high 

altitudes,  a  eorreotion  should  be  applied.     In  the  absence  of  more  nearly 

accurate  data,  a  correction  of  one  per  cent  of  the  observed  rise  in  temperature 

for  each  10  mm.  deviation  from  the  700-mm.  standard  is  recommended.     For 

example  at  a  baimnetrio  pressure  of  080  mm.  the  obsenred  rise  of  temperature 

.    ^    , ,  ,.      700—080      - 

IS  to  be  reduced  by r^ ■*  8  per  cent. 

(II)  Limitino  Tanperature  Rise. 

272.  Obmbbal.  The  temperature  of  electrical  machinery  under  regular 
service  conditions  should  never  be  allowed  to  remain  at  a  point  at  which 
permanent  deterioration  of  its  insulating  material  takes  place. 

273.  Limits  Rbcommendbd.  It  is  recommended  that  the  following  maxi- 
mum values  of  temperature  elevation,  referred  to  a  standard  room  tempera- 
ture of  25°  C,  at  rated  load  under  normal  conditions  of  ventilation  or  cooling, 
should  not  be  exceeded. 

(A)  Machinbs  in  Obnbral. 

274.  In  commutating  machines,  rectifying  machines,  pulsating-ourrent  gen- 
erators,   synohronous   machines,   synchronous   commutating   machines   and 
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unipolar  machinas,  the  temperature  rise  in  the  parte  specified   ehould  not 
exceed  the  following: 

275.  Field  and  armature,  60^  C. 

276.  Commutator  and  bruBhee,  by  thermometer,  66^  C. 

277.  Collector  rinn,  65**  C. 

278.  Bearings  ana  other  parte  of  madiine,  by  thermometer,  40*  C. 

270.  (B)  Rotary  Induction  Appabatus.  The  temperature  rise  should 
not  exceed  the  following: 

280.  Electric  circuits,  50*  C,  by  resistance. 

281.  Bearing  and  other  parts  of  the  machine,  40^  C,  by  thermometer. 

282.  In  squirrel-oage  or  short-circuited  armatures,  56°  C,  by  thermometer, 
may  be  allowed. 

(C7)  Stationaby  Induction  Apparatus. 

283.  a.  Transporiobbs  por  Continuous  Sxrvicb.  The  temperature  rise 
should  not  exceed  50*  C.  in  electric  circuits,  by  resistance;  and  in  other  piuts, 
by  thermometer. 

284.  b.  Transporubrs  por  Intebmittbnt  Sbrvicb.  In  tiie  case  of  tran»- 
formers  intended  for  intermittent  service,  or  not  operating  continuously  at 
rated  load,  but  continuously  in  circuit,  as  in  the  ordinary  ease  of  lighting 
transformers,  the  temperature  elevation  above  the  surrounding  air-tempera- 
ture should  not  exceed  50*  C,  by  resistance  in  electric  circuits  and  by  ther- 
mometer in  other  parts,  after  the  period  corresponding  to  the  term  of  rated 
load.  In  this  instance,  the  test  load  diould  not  be  applied  until  the  trans- 
former has  been  in  circuit  for  a  sufficient  time  to  attain  the  temperature 
elevation  due  to  core  loss.  With  transformers  for  commercial  lighting,  the 
duration  of  the  rated-load  test  may  be  taken  as  three  hours,  unless  otherwise 
specified. 

285.  c.  Rbactors,  Induction-  and  Magnbto-Rbgulators.  Electric  cir- 
cuits by  resistance  and  other  parts  by  thermometer,  50°  C. 

286.  d.  Larob  Apparatus.  I^arge  generators,  motors,  transformers,  or 
other  apparatus  in  which  reliability  and  reserve  overload  capacity  are  import- 
ant, are  frequently  specified  not  to  rise  in  temperature  more  than  40*  C.  undar 
rated  load  and  55*  C.  at  rated  overload.  It  is,  however,  ordinarily  undeoirabla 
to  specify  lower  temperature  elevations  than  40°  C.  at  rated  load,  measured  as 
above. 

(D)   RBBOflTATB. 

287.  In  Rheostats,  Heaters  and  other  electrothermal  apparatus^  no  eom- 
bustible  or  inflammable  part  or  material,  or  portion  liable  to  come  in  contact 
with  such  material,  shomd  rise  more  than  50°  C.  above  the  surrounding  air 
under  the  service  conditions  for  which  it  is  designed. 

288.  a.  Parts  op  Rhbobtats.  Parts  of  rheostats  and  similar  appwratiM 
rising  in  temperature,  under  the  specified  service  conditions,  more  than  50^  C., 
should  not  contain  any  combustible  material,  and  should  be  arranged  or  iii- 
stalled  in  such  a  manner  that  neither  they,  nor  the  hot  air  issuing  from  thflm, 
can  come  in  contact  with  combustible  material. 

(E)  Ldots  Rbcokmbndbd  in  Spbcial  Cabbs. 

280.  a.  Hbat-Rbsistino  In«ui«ation.  With  apparatus  in  wfaidi  the  in- 
sxilating  materials  have  special  heat-resisting  qualities,  a  higher  temperatnrs 
elevation  ispermissible. 

200.  b.  High  Air  Tbmpbbaturb.  In  apparatus  intended  for  servioe  in 
places  of  abnormally  high  temperature,  a  lower  temperature  elevation  aho^d 
be  specified. 

201.  e.  Apparatus  Subjbct  to  Overload.  In  apparatus  whidi  by  the 
nature  of  its  servioe  mav  be  exposed  to  overload,  or  is  to  be  used  in  veiy  hig|i 
volta^  circuits,  a  smaller  rise  of  temperature  is  desirable  than  in  apparatua 
not  liable  to  overloads  or  in  low-voltage  apparatus.  In  apparatus  buflt  for 
conditions  of  limited  space,  as  railway  motors,  a  higher  rise  of  temperature 
must  be  allowed. 

202.  d.  Apparatus  por  Intbrmittent  Sbrvicb.  In  the  ease  of  appar^jUia 
intended  for  intermittent  service,  except  railway  motors,  the  temperature 
elevation  which  is  attained  at  the  end  of  the  period  corresponding  to  the  term 
of  rated  load  should  not  exceed  the  values  specified  for  machines  in  general. 
In  such  apparatus,  including  railway  motors,  the  temperature  elevaUon  should 
be  measured  after  operation,  under  as  neariy  as  possible  the  oondttions  of  serriee 
for  which  tibe  apparatus  is  intended,  and  the  conditions  of  the  test  dioukl  be 
■pedfied. 
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H.  OVERLOAD   CAPACITIES. 

293.  Pbbfobmanck  with  Overload.  All  apparatus  should  be  able  to  carry 
thA  overioad  hereinafter  specified  without  serious  injury  by  beating,  sparking, 
laechaniciil  weakness,  etc.,  and  with  an  additional  temperature  nse  not  ex- 
ceeding 16^  C,  above  those  specified  for  rated  loads,  the  overload  being  applied 
after  the  ^paratus  has  acquired  the  temperature  corresponding  to  rated-load 
continuous  operation.  Rheostats  to  which  no  temperature  rise  limits  are 
attached  are  naturally  exempt  from  this  additional  temperature  rise  of  15°  C. 
uzlder  overioad  specified  in  these  rules. 

204.  Normal  CoNDmom.  Overload  guangitees  should  refer  to  normal 
oonditicMia  of  operation  regarding  speed,  frequency,  voltage,  etc.,  and  to  non- 
iadttctive  conditions  in  lutemating  apparatus,  except  where  a  phase  dis- 
fdacement  is  inherent  in  the  apmtratus. 

295.  Overload  CAPAcrrisa  Rbcommsndbd.  The  following  overload  ca- 
padties  are  recommeiuied: 

296.  a.  Gensratobs.  Direct-current  generators  and  alternating-current 
generators,  25  per  cent  for  two  hoiirs. 

297.  b.  Motors.  Direct-current  motors,  induction  motors  and  synchro- 
nous motors,  not  including  railway  and  other  motors  intended  for  intermittent 
■enrioe,  25  per  cent  for  two  hours,  and  50  per  cent  for  one  minute. 

298.  e.  CoNVEBTBRS.  Synchronous  converters,  25  per  cent  for  two  hours, 
50  per  cent  for  one-half  hour. 

209.  d.  TRANSFORifmRS  AND  Rbctxfiebs.  Constant-potential  transformers 
and  rectifiers,  25  per  cent  for  two  hours;  except  in  transformers  connected 
to  apparatus  for  wliich  a  different  overload  is  guaranteed,  in  which  case  the 
same  guarantees  shall  api>ly  for  the  transformers  as  for  the  apparatus  con- 
neotea  thereto. 

300.  e.  ExciTBBS.  Exciters  of  alternators  and  other  synchronous  machines, 
10  per  cent  more  overload  than  is  required  for  the  excitation  of  the  ssmohro- 
nouB  machine  at  its  i^uaranteed  overload,  axui  for  the  same  period  of  time. 
Ail  exciters  of  alternatmg-eurrent.  unfde-phase  or  polyphase  generators,  should 
be  ^>le  to  give  at  their  rated  speed,  sufficient  voltage  and  current  to  excite  their 
alternators,  at^the  rated  speed,  to  the  full-load  terminal  voltage,  at  the  rated 
output  in  lulovolt-amperes  and  with  50  per  cent  power-factor. 

301.  /.  A  Continuous-Service  Rheostat,  such  as  an  armature-  or  field- 
regulating  rheostat,  should  be  capable  of  carrying  without  injiiry  for  two 
hours  a  current  25  per  cent  greater  than  that  at  which  it  is  rated.  It  should 
also  be  capable  of  carrying  for  one  minute  a  current  50  per  cent  ^ater  than 
its  rated-load  current,  without  injury.  This  excess  of  capacity  is  intended  for 
testing  purposes  only,  and  this  margin  of  capacity  should  not  be  relied  upon 
in  the  selection  of  the  rheostat. 

302.  g.  An  Intermittent  Service  or  Motor-Starting  Rheostat  is  used  for 
startiiijB  a  motor  from  test  and  accelerating  it  to  rated  speed.  Under  ordinary 
conditions  of  service,  and  unless  expressly  stated  otherwise,  a  motor  is  assumed 
to  stwt  in  fifteen  seconds  and  with  150  [wr  cent  of  rated  current  strength.  A 
motor-starter  should  be  capable  of  starting  the  motor  under  these  conditions 
<Hioe  every  four  minutes  for  one  hour. 

303.  (a)  This  test  may  be  carried  out  either  by  starting  the  motor  at  four- 
minute  intervals,  or  by  tracing  the  starter  at  normal  temperature  across  the 
maximum  voltags  for  which  it  is  marked,  and  moving  the  lever  uniformly  and 
gradually  from  the  first  to  the  last  position  during  a  period  of  fifteen  seconds, 
the  current  being  maintained  substantially  constant  at  said  50  per  cent  excess, 
by  intioduoing  resistance  in  series  or  by  other  suitable  means. 

304.  (b)  Other  Rheostats  for  Intermittent-Service  are  employed  under 
■uoh  special  and  varied  conditions  that  no  general  rules  are  applicable  to  them. 


m.  voi.TA«ni  Airo  jpitBaiiiEircjuBA. 

A.  VOLTAGES. 

305.  DiBECi^UBRBMT  Gbnbbatobs.  In  direct-current,  low-voltage  gen« 
eratora,  the  f<^owing  average  terminal  voltages  are  in  general  use  and  are 
recommended; 

125  volts.  250  volts.  600  volts 
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306.  Lov-VoLf  AGK  CiBcuiTs.    In  direct-current  low-voltace  circuita,  the 
following  terminal  voltages  are  in  general  use  and  are  recommended: 
116  volts.  230  volts.  550  volts. 

In  alternating-current  low-voltage  circuits,  the  following  terminal  voltages 
are  in  general  use  and  are  recommended: 

110  volts.  220  volts.  440  volts.  550  volto. 

307.^  Primary  Distribution  Circuits.  In  alternating-cunent,  constant- 
potential,  primary-distribution  circuits,  an  average  voltage  of  2,200  volts, 
with  step-down  transformer  ratios  ^  and  ^,  is  in  general  use,  and  is  recom- 
mended. 

308.  TRAN8MI8810M   CIRCUITS.     In   alternating-current   oonstant-ix>tential 
transmission  circuits,  the  following  impressed  voltages  are  recommended: 
6,600      11.000      22,000      33,000      44.000      66.000      88,000      110.000 

300.  Trakbformbr  Ratio.  It  b  recommended  that  the  standard  trans- 
former ratios  should  be  such  as  to  transform  between  the  standard  voltages 
above  named.  ^The  ratio  will,  therefore,  usually  be  an  exact  multiple  of  5  or 
10.  e^..  2,200  to  11.000;  2,200  to  44,000. 

310.  Ranqb  in  Voltaqe.  In  alternating-current  generators,  or  generating 
systems,  a  range  of  terminal  voltage  should  be  provided  from  rated  voltam 
at  no  load  to  10  per  cent  in  excess  thereof ^  to  cover  drop  in  transmission.  If 
a  greater  range  than  ten  per  cent  is  specified,  the  generator  should  be  con- 
sidered as  speoial. 

B.  FRE2QUENCIES. 

811.  In  Alternating-Current  Circuits,  the  following  frequencies  are  stand- 
ard: 

25  cycles.  60  cycles. 

812.  These  frequencies  are  already  in  extensive  use  and  it  is  deemed  ad- 
visable to  adhere  to  them  as  closely  as  possible. 

IV.    «]E]VSltA]:.  RSCOlHHBlfDAmOSrft. 

313.  Name  Plates.  All  electrical  apparatus  should  be  provided  with  » 
name  plate  giving  the  manufacturers'  name,  the  voltage  and  the  current  in 
amperes  for  which  it  is  designed.  Where  practicable,  the  kilowatt  eapaetty, 
character  of  current,  speed,  frequency,  type,  designation  and  serial  number 
should  be  added. 

314.  Diagrams  of  Connbctions.  All  electrical  apparatus  when  leaving 
the  factory  should  be  accompanied  by  a  diagram  showing  the  electrical  eonr 
nections  siid  the  relation  of  the  different  parts  in  sufficient  detail  to  give  the 
necossaiy  information  for  proper  installation. 

815.  Rheostat  Data.  Every  rheostat  should  be  clearly  and  peimanenilpr 
marked  with  the  voltage  and  amperes,  or  range  of  amperes,  for  which  it  is 
designed. 

316.  Colored  Indicatinq  Lights.  When  using  cdored  indicating  lig^its 
on  switch-boards,  red  should  denote  danger,  such  as  "switch  closed"  or  "cir- 
cuit alive";  green  should  denote  safety,  such  as  "switch  open"  or  "circuit 
dead." 

317.  When  white  lights  are  used,  a  light  turned  on  should  denote  danger, 
such  as  "switch  closed"  or  "circuit  alive";  while  the  light  out  should  denote 
safetv,  such  as  "switch  open"  or  "circuit  dead."  Low-efficienoy  lamps 
should  be  used  on  account  of  their  lesser  liability  to  accidental  bum-out. 

318.  The  use  of  colored  lights  is  recommended,  as  safer  than  white  lights. 

319.  Grounding  Metal,  work.  It  is  desirable  that  all  metal  wow  near 
high  potential  circuits  be  grounded. 

320.  Circuit  Opening  Devices.  The  following  definitions  are  reoono.- 
mended. 

321.  a.  A  Circuit-Breaker  is  an  apparatus  for  breaking  a  circuit  at  the 
highest  current  which  it  may  be  called  upon  to  carry. 

322.  b.  A  Disoozmecting  Switch  is  an  apparatus  designed  to  open  a  circuit 
only  when  carrving  little  or  no  current. 

323.  c.  An  Automatic  Circuit-Breaker  is  an  apparatus  for  breaking  a  eir^ 
cuit  automatically  under  an  excessive  strength  of  current.  It  should  be 
capable  of  breaking  the  circuit  repeatedly  at  rated  voltage  and  at  the  maaci- 
mum  current  which  it  may  be  called  upon  to  cany. 


Symbol. 
S,  e, 

Unit. 

volt 

i   »• 

ampere 

^  r. 

A,   X, 

ohm 

i< 

f.  J: 

mho 

gj; 

ii 

'"f  p. 

watt 

C,  c, 

farad 

C.  L. 

henry 

« 

maxwell 

^■. 

gauss 

gilbert  per  ctn. 

\  h 

cm.  or  mch 

Ml  fll( 

gm.  or  lb. 

T.  U 

second  or  hour 
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APPENDIX  A.     NOTATIOX. 

mIsb  following  notation  is  recommended: 

Name  of  Quantity. 
wSi.  Voltage,  E.M.F.,  potential  difference 

Current 

Resistance 

Reactance 

Impedance 

Admittance 

Conductance 

Susoeptance 

Power 

Capacity 

Inducianoe 

Magnetic  flux 

Magnetic  density 

Magnetic  force 

Length 

Mass 

Time 

Snit  Im  and  Bm  should  preferably  be  used  for  maximum  cyclic  values,  s,  i 
and  p  for  instantaneous  values,  B  and  /  for  r.m.s.  values  (see  Sec.  5g)  and  P 
fen*  tne  avera^  value  or  effective  power.  These  distinctions  are  not  necessary 
in  dealing  with  continuous-current  circuits.  Vector  quantities  are  preferably 
represented  by  bold  face  capitals. 

APPENDIX  B.    RAILWAY  MOTORa 
(I)  Batino. 

325.  Intboductoby  Notb  on  RxTma.  Railway  motors  usually  operate 
in  a  service  in  which  both  the  speed  and  the  torque  developed  by  the  motor 
are  varying  almost  continually.  The  average  requirements,  however,  during 
successive  nours  in  a  given  class  of  service  are  fairly  uniform.  On  account 
of  the  wide  variation  of  the  instantaneous  loads,  it  is  impracticable  to  assign 
any  simple  and  definite  rating  to  a  motor  which  will  inmcate  accurately  the 
absolute  capacity  of  a  given  motor  or  the  relative  capacity  of  di£Ferent  motors 
under  service  conditions.  It  is  also  impracticable  to  select  a  motor  for  a 
particular  service  without  much  fuller  data  with  regard  both  to  the  motor  and 
to  the  service  than  is  required,  for  example,  in  the  case  of  stationary  motors 
whidi  run  at  constant  speeds. 

320.  ScoPB  or  Nominal  Rating.  It  is  common  usage  to  give  railway 
motors  a  nominal  rating  in  horse  power  on  the  basis  of  a  one-hour  test.  As 
above  explained,  a  simple  rating  of  this  kind  is  not  a  proper  measure  of  service 
capacity.  This  nominal  rating,  however,  indicates  approximately  the  maxi- 
mum output  which  the  motor  should  ordinarily  be  called  upon  to  develop 
during  acceleration.  Methods  of  determining  we  continuous  capacity  of  a 
railway  motor  for  service  requirements  are  given  under  a  subsequent  heading. 

327.  The  Nominal  Rating  of  a  railway  motor  is  the  horse-power  output  at 
the  car-axle,  that  is,  including  gear  and  other  transmission  losses,  which  gives 
a  rise  of  temperature  above  the  surrounding  air  (referred  to  a  room  tempera- 
ture of  25^  C.)  not  exceeding  90^  C.  at  the  commutator  and  75°  C.  at  any  other 
part  after  one  hour's  continuous  run  at  its  rated  voltage  (and  Ifrequency,  in 
the  ease  of  an  alternating-current  motor)  on  a  stand,  with  the  motor-covers 
removed,  and  with  natural  ventilation.  The  rise  in  temperature  is  to  be  de- 
termined b}r  thermometer,  but  the  resistance  of  no  electrical  circuit  in  the 
motor  shall  increase  more  than  40  per  cent  during  the  test. 

(ID    Selsction  of  Motor  for  Specified  Service, 

328.  Gbnbbal  Rbquibbmbntb.  The  suitabilitv  of  a  railway  motor  for  a 
specified  service  depends  upon  the  following  oonsioerations: 

829.  a.  Mechanical  abOity  to  develop  we  requisite  torque  and  speeds  as 
0vea  by  its  speed-torque  curve. 

330.  6.  Ability  to  oommutate  successfully  the  current  demanded. 

331.  c.  Abili^  to  operate  in  service  without  occasioning  a  temperature  rise 
in  any  part  which  will  endanger  the  life  of  the  insulation. 

832.  Opxratdi«  GkurDmoNS,  Ttpicax.  Run.    The  operating  conditiona 


r. 


524  STANDABDIZATION  RULES. 

which  are  important  in  the  aeleotion  of  a  motor  inelude  the  wei^^t  of  load,  the 
schedule  speed,  the  distance  between  stops,  the  duration  of  stops,  the  rate  of 
acceleration  and  of  braking  retardation,  the  grades  and  the  curves;  with  these 
data  at  hand,  the  outputs  which  are  required  of  the  motor  may  b«  if.ctennined, 
provided  the  service  requirements  are  within  the  limits  oi  tne  speed-torque 
curve  of  the  motor.  These  outputs  may  be  expressed  in  the  form  of  curves 
giving  the  instantaneous  values  of  current  and  of  voltage  which  muat  be 
applied  to  the  motor.  Such  curves  may  be  laid  out  for  the  entire  line,  bat 
they  are  usually  constructed  only  for  a  certain  average  or  typical  run,  which 
is  fairly  representative  of  the  conditions  of  service.  To  determine  whether  the 
motor  has  sufficient  capacity  to  perform  the  service  safely,  further  testa  or 
investigations  must  be  made. 

333.  Capacitt  Test  of  Railway  Motor  in  Ssbvicx.  The  capadty  of  a 
railway  motor  to  deliver  the  necessary  output  may  be  determined  by  meas- 
urement of  its  temperature  after  it  has  reached  a  maximum  in  service.  If  a 
running  test  cannot  be  made  under  the  actual  conditions  of  service,  an  equiva- 
lent test  may  be  made  in  a  typical  run  back  and  forth,  under  such  conditions 
of  schedule  speed,  length  of  run,  rate  of  acceleration,  etc.,  that  the  teet  cycle 
of  motor  losses  and  conditions  of  ventilation  are  essentially  the  same  as  would 
be  obtained  in  tJtie  sfwcified  service. 

334.  Methods  or  CoMPABiNa  Motor  Capacitt  with  Sbbvicb  RBQuna- 
UBNTS.  Where  it  is  not  convenient  to  test  motors  under  actual  service  con- 
ditions or  in  an  equivalent  topical  nm,  recourse  may  be  had  to  one  of  the  two 
following  methods  of  determining  temperature  rise  now  in  general  use: 

335.  1.  Mbthod  bt  LosaBB  and  Thbrmal  Capacity  Gubvbs.  The  heat 
developed  in  a  railway  motor  is  carried  partly  by  conduction  throui^  the 
several  parts  and  partly  by  convection  throui^  the  air  to  the  motor^rams 
whence  it  b  distributed  to  the  outside  air.  As  the  temperature  of  the  several 
parts  is  thus  dependent  not  only  upon  their  own  internal  losses  but  also  upon 
the  temperature  of  neighboring  parts,  it  becomes  necessary  to  determine 
accurately  the  actual  value  and  distribution  of  losses  in  a  railway  motor  for  a 
given  service  and  reproduce  them  in  an  equivalent  test-run.  The  results  of  a 
series  of  typical  runs  expressed  in  the  form  of  thermal  capacity  curves  will 

Sive  the  relation  between  degrees  rise  per  watt  loss  in  the  armature  and  in  the 
eld  for  all  ratios  of  losses  between  them  met  with  in  the  commercial  apptiea- 
tion  of  a  given  motor. 

336.  This  method  consists,  therefore,  in  calculating  the  several  internal 
motor  losses  in  a  specified  service  and  determining  the  temperature  rise  with 
these  losses  from  thermal  capacity  ciirves  giving  the  degrees  rise  per  watt  loss 
as  obtained  in  experimental  track  tests  made  under  the  same  conditions  of 
ventilation. 

337.  The  following  motor  losses  cause  its  heating  and  should  be  carefully 
detennined  for  a  given  service:  DR  in  the  field;  I*R  in  the  armature;  PR  in 
the  brush  contacts,  core  loss  and  brush  friction. 

338.  The  loss  in  the  bearings  (in  the  case  of  geared  motors)  also  adds  some- 
what to  the  motor-heating,  but  owing  to  the  variable  nature  of  such  Iosbsb 
they  are  generally  neglected  In  making  calculations. 

339.  2.  Method  by  Continuous  Capacity  of  Motor.  The  essential 
losses  in  the  motor,  as  found  in  the  typical  run,  are  in  most  cases  those  in  the 
motor  windings  and  in  the  core.  The  mean  service  conditions  may^  be  expressed 
in  terms  of  the  current  which  would  produce  the  same  losses  in  the  motor 
windings  and  the  voltage  which,  with  that  current,  would  produce  the  aamo 
core  losses  as  the  average  in  service.  The  continuous  capacity  of  the  motor 
is  given  in  terms  of  the  amperes  which  it  will  carry  when  run  on  a  testing  stand 
—  with  covers  on  or  ofif ,  as  specified  —  at  different  voltages,  say,  40,  60.  80 
and  100  per  cent  of  the  rated  voltage  —  with  a  temperature  rise  not  exceeoing 
Wf  C.  at  the  commutator  and  75^  C.  at  any  other  part,  provided  the  resistance 
of  no  electric  circuit  in  the  motor  increases  more  than  40  per  cent.  A  com- 
parison of  the  equivalent  service  conditions  with  the  continuous  capacity  o# 
the  motor  will  determine  whether  the  service  requirements  are  within  the  safe 
capacity  of  the  motor. 

340.  This  method  affords  a  ready  means  of  determining  whether  a  ^pedfiad 
service  is  within  the  capacity  of  a  given  motor  and  it  is  also  a  convenient  ap- 
proximate method  for  comparing  the  service  capacities  of  different  motors. 

APPENDIX  C.    PHOTOMETRY  AND   LAMPS. 

341.  Candlb-Powbr.  The  luminous  intensity  of  sources  of  light  is  ex- 
pressed in  candlo-power.    The  unit  of  candle-power  is  the  international  oaodla 
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zoaintafaMd  by  the  Burwu  of  Standards  at  Waahington,  D.  C.    The  Hefner 
unit  ia  0.90  of  the  international  candle. 

342.  Lnianr.  The  total  flux  of  light  from  a  eouroe  is  equal  to  its  mean 
spherical  intensity  multiplied  by  4  v.    The  unit  of  flux  is  called  the  lumen.    A 

lumen  is  the  j-  th  part  of  the  total  flux  of  light  emitted  by  a  source  having 

a  'mean  spheri(»l  intensi^of  one  candle-power. 

844.  Illumihation.  The  fundamental  physical  unit  of  illumination  ia 
the  centimeter-candle,  or  lumen  per  square  centimeter  of  incident  surface. 
This  is  a  very  intense  Ulimiination.  It  is,  therefore,  convenient  to  express 
illumination  practically  in  thousandths  of  the  fundamental  unit;  i.e.,  in  fnilli- 
lumens  per  sq.  cm.  In  English-speaking  countries,  the  unit  of  illumination 
oonmioniy  emploved  is  the  foot-candle  or  lumen  per  square  foot.  A  foot* 
candle  is  nearly  the  same  illimiination  as  a  miUilumen  per  sq.  cm.  and  is  actu- 
alhr  the  more  mtense  in  the  ratio  1.0764*,  so  that  n  foot-canales  »  1.0764  X  n 
millilumens  per  sq.  cm.  A  meter  candle,  or  lumen  per  square  meter,  is  called 
a  "lux."  A  foot-candle  is  10.764  lux,  and  a  mUlilumen  per  sq.  cm.  is  exactly 
10  lux.    . 

346.  The  ££Sciency  of  Electric  Lamps  is  properiy  stated  in  terms  of  lumens 
per  watt  at  lamp  terminals.  This  use  of  the  term  efficiency  is  to  be  considered 
as  special,  and  not  to  be  confused  with  the  generally  accepted  definition  of 
efficiency  in  See.  84. 

347.  a.  EmciKNCT,  Auxxuabt  Dbvicbs.  In  illuminants  requiring  aux- 
iliary power-consuming  devices  outside  of  the  luminous  body,  such  as  steadying 
resistances  in  constant  potential  arc  lamps,  a  distinction  should  be  made  be- 
tween the  net  efficiency  and  the  gross  efficiency  of  the  lamp.  This  distinction 
should  always  be  stated.  The  gross  efficiency  should  include  the  power  con- 
sumed in  the  axudliary  reaistanoe,  etc.  The  net  efficiency  should,  however, 
include  the  power  consumed  in  the  controlling  mechanism  of  the  lamp  itself. 
Comparison  Detween  such  sources  of  li|^t  should  be  made  on  the  basis  of  gross 
efficiency,  dnce  the  power  consumed  in  the  auxiliary  device  is  essential  to  the 
operation. 

348.  A  Standard  Circuit  Voltage  of  110  volts,  or  a  multiple  thereof,  may 
be  assumed,  except  where  expressly  stated  otherwise. 

349.  Watts  pkb  Candlb.  The  specific  consumption  of  an  electric  lamp  is 
its  watt  consumption  per  mean  spherical  candle-power.  "Watts  per  canole" 
is  the  term  used  commercially  in  connection  with  incandescent  lamps,  and 
denotes  watts  per  mean  horizontal  candle-power. 

350.  Photometric  Tests  in  which  the  results  are  stated  in  candle-power 
should  be  made  at  such  a  distance  from  the  source  of  light  that  the  latter  may 
be  regarded  as  practically  a  point.  Where  tests  are  mi^e  at  shorter  distances, 
as  for  example  m  the  measurement  of  lamps  with  reflectors,  the  results  should 
always  be  given  as  "apparent  candle-power  "  at  the  distance  employed,  which 
distance  should  always  oe  specifically  stated. 

351.  Babib  roB  Compabison.  Either  the  total  flux  of  light  in  lumens,  or 
the  mean  spherical  candle-power,  should  always  be  used  as  me  basis  for  com- 
paring various  luminous  sources  with  each  other,  unless  there  is  a  clear  under- 
staodtng  or  statement  to  the  contrary. 

352.  Ikcamdbscxmt  Lamps,  Rating.  It  is  customary  to  rate  incandescent 
lamps  on  the  basis  of  their  mean  horiaontal  candle-power;  but  in  comparing 
incandescent  lamps  in  which  the  relative  distribution  of  luminous  intensity 
differs,  the  comparison  should  be  based  on  their  total  flux  of  light  measured  in 
lumens,  or  on  tneir  mean  spherical  candle-power. 

352a.  LiPB  Tbbtb.  Similar  filaments  may  be  assumed  to  operate  at  the 
same  temperature  only  when  their  lumens  per  watt  consumed  are  the  same. 
Ltfe  tests  are  comiMurable  only  when  conducted  imder  similar  conditions  as  to 
filament  temperatures. 

353.  The  Spherical  Reduetion-Faetor  of  a  lamp 

mean  spherical  candle-power 


mean  horizontal  candle-power 


354.  The  Total  Flux  of  light  in  lumens  emitted  by  a  lamp  s*  4  «■  X  mean 
horizontal  candle-|x>wer  X  spherical  reduction  ^f actor. 

355.  The  Spherical  Reduction-Factor  should  only  be  used  when  properly 
determined  for  the  particular  type  and  characteristics  of  each  lamp.  The 
nriierical  reduction-factor  permits  of  substantially  accurate  comparisons  being 
nade  between  the  total  lumens,  or  mean  spherical  oaadle-powers  of  differaai 
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t^rpes  of  inoandescent  lamps,  and  may  be  used  in  the  abaeaoe  of  proper  facili- 
tiee  for  direct  measurement  ox  the  total  lumens,  or  mean  spherical  candle-power. 

356.  "Rbaoino  Distanck."  Where  standard  photometric  measurements 
are  impracticable,  approximate  measurements  of  illuminants  such  as  street 
lamps,  may  be  made  by  comparing  their  "reading  distances";  i.e.,  by  deter- 
minmg  alternately  the  distances  at  which  an  ordinary  size  of  readings  print  can 
just  be  read,  by  the  same  person  or  persons,  when  all  other  light  is  screened. 
The  angle  below  the  horizontal  at  wnich  the  measurement  is  made  should  be 
specified  when  it  exceeds  15°.  Reading  distance  methods  usually  involve  the 
comparison  of  very  faint  illuminations  and  hence  the  results  may  be  seriously 
affected  by  the  PurkinJe  effect. 

357.  In  Comparing  Dififerent  Luminous  Sources  not  only  should  their  candle- 
power  be  compared,  but  also  their  relative  form,  brightness,  distribution  of 
illumination  and  character  of  light. 

357a.  The  following  symbols  are  recommended  in  connection  with  photom- 


etry: 


Ssnmbol. 

Unit. 

/ 

International  candle. 

F 

Lumen. 

B 

Lumen /cm.*,  foot-candle. 

R 

Foot-candle. 

h 

Candle/cm.* 

l 

Candle. 

Lumen-second,  lumen-hour. 

Photometric  magnitude. 
Intensity  of  light. 
Luminous  flux. 
Illumination. 
Specific  radiation. 
Brightness. 
Quantity, 
flighting. 


APPENDIX   D.     SPARKING   DISTANCES. 

358.  Table  of  Sparking  Distances  in  Air  between  Opposed  Sharp  Needle- 
Points,  for  Various  Root-Mean-Squaro  Sinusoidal  Voltages,  in  inches  and  in 
centimeters.    The  table  applies  to  the  conditions  specified  in  Sees.  240-246. 

Kilovolts  Distance, 
R.M.S.                         Inches. 

140 18.95 

150 15.0 

160 16.05 

170 17.10 

180 18.15 

190 19.20 

200 20.25 

210 21.30 

220 22.36 

230 23.40 

240 24.45 

250 25.50 

260 26.50 

270 27.60 

280 28.50 

290 29.60 

300 80.50 


359. 

KUovoIts 

Distance. 

R.M.S. 

Inches. 

Cm. 

5 

.    .    .     0.225 

0.57 

10 

.    .    .     0.47 

1.19 

15 

.    .    .     0.725 

1.84 

20 

.    .    .     1.0 

2.54 

25 

.    .    .     1.3 

3.3 

80 

.    .    .     1.625 

4.1 

35 

.    .    .     2.0 

5.1 

40 

.    .    .     2.45 

6.2 

45 

.    .    .     2.95 

7.5 

50 

.    .    .     3.55 

9.0 

60 

.    .    .     4.65 

11.8 

70 

.    .    .     5.85 

14.9 

80.    .... 

.    .    .     7.1 

18.0 

90 

.    .    .     8.35 

21.2 

100 

.    .    .     9.6 

24.4 

110 

.    .    .   10.75 

27.3 

120 

.    .    11.85 

30.1 

130 

.    .   12.90 

32.8 

APPENDIX  E.    TEMPERATURE   COEFFICIENT  OF  COPPER. 

360.  The  fundamental  relation  between  the  rise  of  temperature  and  the 
increase  of  resistance  of  copper  may  be  expressed  thus: 

«,-J2,i(l-Hai,«-<d), 

y  where  R%  is  the  resiBtance  at  any  temperature  f°  C;  Rt\  is  the  resbtanoe  at  any 
"initial  temperature'*  (or  "temperature  of  reference")  <i°C.;  and  a«|  is  the 
temperature  coefficient  from  and  at  the  initial  temi>erature  t\C,  Obvioualy 
the  temperature  coefficient  is  different  for  different  initial  temperatures,  and 
this  variation  is  shown  in  the  horizontal  rows  of  the  table  beiow.  Further- 
more, it  has  been  shown  that  the  temperature  coefficient  is  different  for  dif- 
ferent conductivities,  and  that  the  temperature  coefficient  is  substantially 
proportional  to  the  conductivity.  The  results  of  this  simple  law  are  ahown 
py  the  vertical  columns  of  the  table  below. 


rsiiTL 

um 
35. 

• 

38. 

1 

40. 

43. 

46. 

48. 

8 

51. 

4 

64 

50. 

59. 

J 

62 

64. 

67. 

69 

72. 

.4     i 

74 

77 

^4 
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TEMPERATURE  COEFFICIENTS  OF  COPPER  FOR  DIFFERENT 
INITIAL  TEMPERATURES  AND  DIFFERENT 
CONDUCTIVITIES. 


• 

-T 

Ohms  per 

Per 

"In- 

nMtv- 

cent 

ferred 

grmm  at 

oonduo- 

«• 

ou 

<*» 

an 

An 

On 

abflo- 

aopc. 

tivity. 

lute 
sero." 

0.16108 

95 

0.00405 

0.00381 

0.00374 

0.00367 

0.00361 

0.00336 

-247.2 

0.16940 

96 

0.00409 

0.00386 

0.00378 

0.00871 

0.00364 

0.00340 

-244.4 

0.15776 

97 

0.00414 

0.00390 

0.00382 

0.00376 

0.00368 

0.00343 

-241.7 

0.15727 

97.3 

0.00415 

0.00391 

0.00383 

0.00376 

0.00369 

0.00344 

-240.9 

0.15614 

98 

0.00418 

0.00394 

0.00386 

0.00379 

0.00372 

0.00346    -239.0 

0.15457 

99 

0.00423 

0.00398 

0.00390 

0.00383 

0.00375 

0.00349,  -236.4 

0.153022 

100 
101 

0.00428 
0.00432 

0.00402 
0.00406 

0.00394 

0.00386 
0.00390 

0.00379 
0.00383 

0.00352    -233.8 

0.15151 

0.00398 

0.00355 

-231.8 

The  quantity  (  —  T)  given  in  the  last  column  of  the  above  table  is  the  cal- 
culated temperature  on  the  centigrade  scale  at  which  copper  of  the  particular 
conductivity  oonoemed  would  have  sero  electrical  resistance  promUd  the 
temperature  coefficient  between  0°  C.  and  100^  C.  applied  continuously  down 
to  the  abeolute  sero.  The  usefulness  of  this  "infeind  absolute  sero  tempera- 
ture of  resistance"  in  calculating  temperature  rise  is  evident  from  the  following 
formula: 

The  presentation  of  the  above  table  is  intended  to  emphasise  the  desir- 
ability' of  determining  the  temperature  coefficient  rather  than  assuming  it. 
Actual  experimental  determination  is  facilitated  by  the  proportional  relation 
between  the  temperature  coefficient  and  the  conductivity;  a  measurement  of 
either  Quantity  givee  both.  However,  if  a  temperature  coefficient  muH  be 
aasomeai  the  best  value  to  take  for  average  commercial  annealed  copper  wire 
is  that  given  in  the  table  for  100  per  cent  conductivity,  tis., 

at  -  0.00428,  a«  -  0.00394,  an  »  0.00386. 

Hub  is  the  value  recommended  for  wire  wound  on  instruments  and  machines, 
since  they  are  generally  wound  with  annealed  wire  and  experiments  have 
shown  that  the  distortions  due  to  the  winding  of  the  wire  do  not  appreciably 
affect  the  temperature  coefficient. 

If  a  value  must  be  assumed  for  hard-dravm  copper  wire,  the  value  recom- 
mended is  that  given  in  the  table  for  97.3  per  cent  conductivity,  ris., 

oo  -  0.00415,  aa  -  0.00383,  an  -  0.00376. 

The  temperature  coefficients  in  Fahrenheit  degrees  are  given  by  dividing 
any  a  above  by  1.8.  Thus,  the  20°  C.  or  68°  F.  temperature  coefficient  for 
copper  of  100  per  cent  oonauotivity  is  0.00304  per  degree  C,  or  0.00219  per 
degree  F. 

APPENDIX  F.    HORSE  POWER. 

301.  In  view  of  the  fact  that  a  horse  power  defined  as  550  foot-pounds  per 
second  represents  a  power  which  varies  nightly  with  the  latitude  and  altitude 
(from  743.3  to  747.6  watts)  and  also  in  view  of  the  fact  that  different  authori- 
ties differ  as  to  the  precise  value  of  the  horse  power  in  watts,  the  Standarde 
CommUUe  haa  adofpUd  746  waiU  a»  the  value  of  the  horae  power.  The  number 
of  foot-pounds  per  second  to  be  taken  as  one  horse  power  is  therefore  such  a 
value  at  any  given  place  as  is  equivalent  to  746  watts;  the  number  varies 
faom  552  to  540  foot-pounds  per  second,  being  550  at  5(r  latitude  (London), 
Mad  550.5  at  Washington.  Tne  Standards  Committee,  however,  reoommenos 
that  the  kilowatt  instead  oi>the  horse  power  be  used  generally  as  the  unit  of 
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Vblocitt  of  light  300.000  kilometers  per  second,  or  186,000  milea  per 
•econd. 

Compoffltloii  of  ftunllirlit. 

Violet  produces  the  maximum  chemical  effect. 

Indigo.  Blue.  Green. 

Yellow,  the  maximum  light  effect. 

Orange. 

Red  produces  the  maximum  heat  effect. 

The  most  luminous  part  of  the  spectrum  is  the  yellowish 

Colon. 


• 


Red.  Yellow.  Blue. 

Aocondarj.        Orange.  Purple.  Green. 

Iaws  of  Kadlatlon  of  a  Slack  liodj. 

Stefarv-BoUzmann  law.  The  total  energy  radiated  by  a  black  body  is 
proportional  to  the  fourth  power  oi  its  absolute  temperature. 

S  ^  <r9*. 

Wien*8  displacement  law.  The  product  of  the  wavfr-Iength  of  the  max- 
imum of  radiation  and  the  absolute  temperature  of  the  racuating  body  is  a 
constant. 

XmB—  const.  =  A, 

The  quotient  of  the  maximum  radiation  by  the  fifth  power  of  the  abso- 
lute temperature  is  a  constant. 

Em0-*  >=  const.  =  B. 

9 

Applying  these  laws  the  temperature  of  radiating  bodies  can  be  deter- 
mined with  a  degree  of  accuracy  which  depends  chiefly  on  the  decree  to 
which  the  body  approaches  a  biack  body  in  its  characteristics.  Lumnaer 
and  Prinesheim  have  found  that  for  pohshed  platinum  fim$  -»  2630,  while 
for  a  black  body  A«tf  «  2940.  Hence  the  temperatures  of  other  radiating 
bodies  such  as  carbon  must  lie  between  the  limits  set  by  the  two  equations 

^       2830        ,   -       2940 
9  =  -; —  and  9  =  — - — . 

Am  Am 

The  MmtmniAt^  of  «  Source  of  light  is  measured  by  comparison  with 

a  source  of   unit   intensity.     The    unit  of    luminous   intensity  commonly 
employed  is  the  candle-power. 

utonsity  of  niamlBatloB  produced  on  a  surface  bv  a  source 
of  li^t  concentrated  at  a  point  is  inversely  as  the  square  of  toe  distance 
between  the  surface  and  the  source  of  light, 

,  ,      .,       -  .„      .     ^.           Intensity  of  source  ^ 
Intensity  of  illumination  =="  d'  ta  ce« ^'^^  *' 

where  i  is  the  angle  of  incidence  of  the  rays. 

Units  of  illumination  are  the  foot-candle  and  the  meter-candle  or  candle 
lumen  (A.  I.  £.  S.)  The  foot-candle  is  the  illumination  produced  on  the 
surface  one  foot  distant  by  a  source  of  one  caqdle-power,  the  rays  failing 
Bormally  on  the  surface. 
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Tbe  meter-oandle  or  candle  lumen  is  similarly  defined,  the  meter  being 
substituted  for  the  foot. 

llie  unit  of  Ivnalnova  fl«x  is  defined  as  follows :  A  unit  flux  is  that  flux 
•ent  by  a  souroe  ci  unit  intensity  (oandle-power)  through  a  unit  solid  angle. 
This  unit  is  colled  the  lumen  or  candle  lumen  (standardisation  rules  of 
A.  I.  E.  £.)  From  a  souroe  of  1  o.p.  the  total  flux  is  4  k  lumens.  The 
symbol  for  flux  is  ^ 

Flux  and  intensity  of  illumination  are  connected  by  the  following  relation: 


Illumination  -• 


Flux 
Surface 


or  E 


Mean  horisontal  intensity  is  the  average  intensity  in  all  directions  in  the 
horiaontal  plane  passing  through  the  souroe.  In  case  of  an  incandescent 
lamp  this  plane  is  taken  perpendicular  to  the  axis  of  the  lamp. 

Mean  spherical  candle-power  is  the  average  candle-power  in  all  directions 
in  space.  It  bears  the  following  relation  to  the  total  luminous  flux  from 
the  source, 

4  jr 

Mean  hemispherical  candle-power  is  defined  as  the  average  candle-power 
in  all  directions  in  a  hemisphere  having  the  souroe  of  light  at  its  center. 

The  spherical  reduction  factor  is  the  ratio  of  the  mean  spherical  candl» 
power  to  the  mean  horiiontal  candle-power. 

Trotter  gives  in  the  following  table  the  intrinsic  brightness  of  different 
sources  of  fight. 

Ijitrlmalc  SriipliteeM  of  Different  Soarcea  of  Iilfflit. 

(Trotter.) 


Platinum  (VioUe  standard)      .    .    . 

Sun's  disk 

Skv,  near  sun 

AIdo  carbon  on  edge 

White  paper,  horisontal,  exposed  to 
summer  sky,  noon 

White  paper,  sun  60°  high,  paper  fac- 
ing sun         

Albo  carbon,  flat 

Argand 

Black  velvet,  summer  sky,  noon .    . 

White  paper,  reading  witnout  strain- 
ing     


C.P.  per  Sq.  In. 


Red. 


120 

487.000 
120 
73.5 

16.5 

8.25 
10.5 
6.8 
0..0833 

0.0018 


Green. 


120 
1.000,000 
120 
60.7 

35.2 

17.2 
8.7 
5.20 
0.07 

0.0024 


C.P.  per  Sq.  Cm. 


Red. 


18.5 
75.500 
18.5 
11.4 

2.56 

1.28 
1.63 
1.05 
0.0052 

0.00028 


Green. 


18.5 
155,000 
18.5 
9.4 

5.45 

2.67 
1.35 
0.82 
0.0100 

0.00037 


Sperm  candle 

Moon,  35°  above  horixon 

Moon,  high 

Batewing  (whole  flame) 

Methven  standard 

Incandescent  carbon  filament  (glow  lamp) 
Crater  of  electric  arc 


White. 

White. 

3 

0.31 

2 

0.31 

.  3 

0.46 

2.26 

0.36 

4.3 

0.66f 

120 

18.6 

46,000 

7,000 
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No  VI 

but  Ihoie  ligled  b«li 


.    The  Brtiiak  ilandard  a 


wiltr  or  Ik  ■*>!«•  of  X<1|:M   ii  oipnaaad  io  tamia  ol 
jpecitied  unit  or  gUpdsrd  of  ndenaoe. 
iwdicUtTy  ituidard  for  nil  purpoocs  tiaa  ma  yet  beea  produeed* 

..J  i._i u      jd^  jijgj  j^  ygg  ^j.  proposed. 

indUt  B  apermiuiili  candle  Hven-ei^the  of  lu 
,■  nQMixtb  pound,  and  buminc  al  the  rale  at  130 

"but  ft^  wittin^Iie'ljmiu  of ^14"lo  128*^m 
le  Licht  is  to  be  detenmD?d  by  simple  proportion 

rata  d(  Doogumptioti  of  eperm.     This  ilanXrd,  in  gpile  ol  numy  defects, 

■I  itill  in  extensive  use  and  is  lepliied  in  many  statu.      It  Dominany 

turni«h«  the  unit  of  measurement  in  this  country. 

b.   Uarcmai  10  camUt  vtntant  Oaiviard.     This  L 

the  best,  of  it    ' 


,bia  lamp,  which 


1   London 

pal  Franob  standaH.   bums    42  «. 

.  .    .     iniB  being  *0  mm.  hJEh,     MM.  R^uult 

epln  ii  at  s  rate  between  4*  anir44  grams  per  hour,  the  ll^t  Bznitt«d  by 
this  eUndard  is  proportionaE  to  the  weight  of  oolsa  bumwL  Follovlu  w 
a  table  showing  the  pmper  dimensinos  ol  this  sCandatd- 
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Dimenaiona  of  Caroel  Lamp. 


External  diameter  of  burner       

Interior  diameter  of  inner  air  current  .  .  . 
Interior  diameter  of  outer  air  current   .    .    . 

Total  hdfl^t  of  chimney      

Distance  from  elbow  to  boae  of  glaas  .  .  . 
Exterior  diameter  at  level  of  bend  .... 
Interior  diameter  of  glaaB  at  top  of  chimney 
Mean  thiokness  of  sUun 


mm. 


23.5 
17.0 
45.5 
290 
61 
47 
34 
2 


Use  lighthouse  wick  weighing  8.6  grams  per  decimeter  and  woyen  with 
75  strands.    This  standard  is  quite  satiafactorv  if  carefully  used. 

d.  The  platinum  standard  proposed  by  Violle  is  the  light  emitted  by  one 
square  centimeter  of  platinum  at  its  melting-point.  Violle  shows  that  the 
light  eoiitted  by  this  unit  is  equivalent  to  19i  to  191  British  candles.  This 
standard  has  never  been  reduced  to  practice.  The  French  bougie  d^male 
is  supposed  to  eaual  the  20th  part  oif  the  Violle  platinum  unit. 

e.  Hefner  Amj/l  Lamp,  The  legal  standard  in  Germany  is  the  so-called 
Hefner  unit^  which  is  the  light  given  by  the  Hefner-Alteneck  amylacetate 
lamp.  This  lamp  has  been  exhaustively  investigated  by  the  Reichsanatalt, 
which  certifies  to  the  accuracy  of  lamps  submitted  to  it;  its  intensity  is  about 
10  per  cent  less  than  that  of  the  En^ish  candle,  and  its  normal  flame  is  40 
miUimetera  high.  It  is  very  uniform  and  reproducible,  and  owing  to  the 
fact  that  lamps  of  certified  value  can  be  so  readily  obtained  it  is  widely  used, 
not  only  in  Germany,  but  elsewhere.  Careful  instructions  are  issued  with 
each  lamp,  and  when  used  in  accordance  with  these  instructions  the  enora  of 
measurement  are  not  more  than  half  those  met  with  in  the  use  of  standard 
oandles.  The  color  is  somewhat  aipalnst  this  unit,  being  a  distinctly  reddish 
orange,  which  is  a  rather  serious  obiection  when  used  as  a  working  standard 
in  measurements  of  Welsbach  burners  or  incandescent  and  Nemst  lamps. 
Even  with  its  faults  thoue^.  it  is  probably  the  best  primary  standard  that 
we  have,  as  it  can  be  reproduced  accurately  to  a  most  unusual  degree. 

This  lamp  has  of  late  come  into  veiy  gsnenJ  use  as  a  reliable,  moderate- 
priced  and  easily  reproducible  standai^.    It  has  been  recommended  b^ 

the  American  Institute  of  Electrical  Engi- 
neers and  the  German  Reichsanstalt. 

A  cylindrical  iMise  contains  theamyl  acetate, 
which  is  drawn  up  throu^  a  wick  tube  of  Ger- 
man silver  in  a  specially  prepared  wick.  The 
height  of  this  German  silver  tube  and  the 
height  c^  the  flame  are  of  vital  importance. 
To  secure  the  proper  adjustment  at  the  time 
the  lamp  is  used,  an  optical  flame  gauge  is 
provided,  consisting  of  a  small  camera  with 
lens,  and  ground  ^ass  plate.  On  this  ground 
fliass  i>Iate  a  horisontal  line  determines  exactly 
the  point  at  which  the  top  of  the  flame  should 
be  kept.  An  error  of  0.2  of  a  millimeter  in 
the  height  of  the  flame  produces  an  error  of 
}  of  1  per  cent  in  the  candle-power,  so  their 
setting  must  be  made  closely. 

In  using  this  lamp  speciu  care  should  be 
taken  that  fresh  air  m  abundance  is  supplied, 
but  the  room  must  be  perfectlv  free  from 
draughts  or  air  currents,  and  it  should  be 
watcned  by  a  person  at  a  distance  from  it. 
If  the  flame  does  not  bum  steadily  the  wide 
should  be  carefully  trimmed,  making  it  some- 
what crowned.  Never  char  the  wick  bv 
burning  it  too  hish;  after  continued  use  it 
Fia.  8>  should  appear  to  be  only  slii^Uy  browned. 


With  a  HtUa  expartano*  it  vUl  b«  found  that  th*  Bune  eaa  be  kapt  uoui 
■lely  on  thelincof  ib«  optical  asmi^uMand  quiteBtwuly.  Tbavuiatlon 
vt  tBopantun,  humidity  and  baioinBfrlwightallwittlwoandlP'POWtrflJi 


•?^ 

Kjz- 

1.1 

^^^^ 

J*     „ 

NT  HUI.1  ifTV    1            1 

bunp  to  a  certaiJl  ai 


Hapanying  dlagnuEU  (Fica.  4 


1 

^ 

1 

/ 

w. 

z 

0— i 

u 

IXIS 

r^ 

i^ 

n 

iw 

Is^i"-     TTieuni- 

luEir  initial  period  of  riie  rf  candlo-power  hl  i»,i:»i. 
paoed,  tonilBh  seeDDdary  itandarda  of  light  of  remsi 
■hoald  be  undenlood,  however,  ihst  no  eiagle  lamp  i 
hitdy,  but  ntberthsBveraas  value  Dveo  byatroupof  i 
lormitvof  reeulU  which  isobtaloed  in  the  photometry 
in  preeent  praetioein  Ihiieounlry  iadue  in  no  small  m. 

Itandardiwjd  not  by  liireet  retotenca  lo  a  prininry  alaiidnrd.  none  of  which 
i(  entirely  constant,  but  hy  refarenoe  to  a  serin  of  incandescent  ismn  eooon- 
dary  standards,  whereby  a  constant  value  for  the  unit  is  obtained.  An 
invunnlilit  iinii  of  lumlnous  intenslly  has  been  maintained  by  lucti  %  Mrles 
,e.Eleotriral  Testina  Laboratories  in  New  Yort  tor  u^irarda 


....  value  for ,. 

n  of  the  Edispn  Lamp  fl 


■rived  f[ 
jardiieil  in  the 


J 


534 


BLBCTRIC   LIGHTING. 


on  the  same  basis.  Thus  it  has  oome  about  that  photometrlo  measure* 
ments  in  this  country  which  are  nominally  based  on  the  British  candle  ■• 
a  unit  are  actually,  as  far  as  electrical  measurements  are  concerned,  based 
on  an  invariable  unit  representing  one  of  the  values  which  the  variable 
candle  may  assume,  which  is  nmintained  by  standardised  incandeeoent 
lamps,  and  which  is  reproducible  only  through  the  intermediary  of  the 
Hefner  standard  Icunp.  Standardized  lamps  are  furnished  by  the  Ele^ 
trical  Testing  Laboratories  in  New  York  of  any  required  candle-power  and 
voltage  and  zor  use  either  stationary  or  rotating.  A  special  type  of  lamp 
has'  been  developed  for  use  in  making  stationary  standards.  Theee  lamps 
have  two  horse-shoe  shaped  filaments  in  the  same  plane,  one  inside  the 
other.  The  standard  direction  in  these  lamps  is  at  right  angles  to  the 
plane  oi  the  filaments,  as  indicated  by  vertiod  lines  etched  in  the  i^ass. 
Lamps  are  also  standairdised  and  certified  by  the  Bureau  of  Standaz^. 

On  account  of  the  adoption  of  the  Haroourt  10  candle  pentane  lamp 
as  the  official  standard  by  the  Metropolitan  Board  of  Gas  Referees  of  London 
and  the  introduction  of  this  standard  into  practice  in  this  country,  chiefly 
in  the  photometry  of  illuminating  gas.  a  oiscrepancy  has  arisen  between 
the  candle  of  the  electric  industry  ana  the  candle  of  the  gas  industry. 
Recent  international  determinations  of  the  ratio  between  the  Hefner  umt 
and  the  pentane  unit  have  shown  that  the  Hefner  equals  0.915  candle-power, 
the  candle  being  defined  as  the  one-tenth  part  of  the  intensity  of  the 
pentane  unit.  As  has  been  said,  the  value  of  the  Hefner  in  terms  of  the 
candle  of  the  electrical  industry  and  of  the  Bureau  of  Standards  is  0.88. 
Hie  matter  of  this  discrepancy  is  now  (Dec.,  1907)  under  advisement  by 
a  joint  committee  of  the  Illuminating  Engineering  Societjr,  the  American 
Institute  of  Electrical  Engineers,  and  tne  American  Gas  Institute. 

1^  following  is  a  tabfo  Sivin|c  the  values  of  the  various  standards  and 
units  in  terms  of  each  other.  This  table  is  oompiled  from  the  most  recent 
data  on  the  subject. 


• 

< 

od 

>A 

H 

10  C.P. 
Pentane. 

• 

a;  . 

O 

1 

1 

e  a 

Wt3 

5 

UnitN. 
London 

h1   . 

as 

P»4 

Hefner  unit 

1 

0.0915 

0.093 

•   •   • 

0  88 

«  •  • 

■  •  • 

10  o.p.  pentane 

10.95 

1 

1.02 

«   •   • 

•  •  « 

•  •  ■ 

•  •  • 

Oarcel 

10.75 

0.980 

1 

9.6 

•     B      « 

•  4  • 

•  • « 

Bouoie  dMmale 

Oanole  unit.    U.  S.  A.     .    . 

•  •  • 

0.1042 

1 

•     •     • 

«  •  • 

■  ■  • 

•  •  • 

•  •  • 

•  ■  ■ 

•      B      fl 

1 

1.018 

1.090 

Unit  National  Phvsical  Lab- 
oratory.    Lonaon    .    .    . 

•  •  • 

■  •  • 

•  •  • 

•      B     • 

0.984 

•  •  • 

•     B     » 

Unit     Laboratoire    Central 

d*El^tricit4.    Puis     .    . 

•  ■  ■ 

■  •  • 

•   •  • 

•     •     • 

0.982 

•  ■  ■ 

•      B     • 

PHOTOIHSTSIUI. 

A  photometer  is  an  apparatus  for  measuring  the  intensity  oi  a  souroe  of 
Ul^t  or  of  an  illumination  in  terms  of  a  standard.  Incase  the  aimaratue 
is  intended  for  the  latter  purpose  only,  it  is  sometimes  called  an  ^illumi- 
nometer."  All  photometnc  measurements  are  made  by  a  visual  compar- 
ison of  the  souroe  to  be  measured  with  some  standard.  The  eye  cannot 
t^  us  how  many  times  brighter  one  light  is  than  another.  It  can  say 
only  that  one  illuminated  field  is  just  as  bright  as  another.  A  photometer 
consists,  then,  of  two  essential  parts:  first,  an  arrangement  whereby  two 
fields  are  obtained  in  juxtaposition  to  each  other,  one  of  them  being  uluml* 


PHOTOMBTBRS. 
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ntfad  by  tbB>taDd«rd  Ufbt,  ud  tha  other  by  the  light  which  ti  to  ba  msuundi 
meoad,  ot  u  uiwDaemeat  wherab}>  the  brisbtDiHi  oT  ons  or  both  ihe  Geldi 
eui  b*  vul«d  eontliiuouily  aooardmg  to  a  known  law,  from  whleh  the  reU- 
tive  intttuities  of  the  soureen  can  be  cMjmputed  u  soon  aa  the  conditiono 
hiavo  tMen  diacovarvd  undar  which  the  fieJ<u  ara  aqua]  in  iUunuoatioa.     Id 

plat*  for  the  reeeptioc  of  tha  iLmmoation  which  ia  to  ba  measured' 

'Ac  law  o(  variation  which  ia  rnoeC  commDoty  employed  ia  that  vhid) 
itatea  that  iUiimioation  from  a  puncCiform  aourca  of  licht  vaii^  Invetv^ 
•■  tbeaquaie  of  the  distsDce  to  the  aource,  A  conuuon  lorm  ot  lihotometer 
i*  aa  ahown  in  Fie.  6.  The  li^t  to  ba  maaaured  and  tha  standaid  Ijglit 
ars  get  up  at  oppoeiie  eniU  of  a  bar  on  which  the  tichi-box  contaiDiac  > 
photometria  aoreen  or  dialc  for  taatiDC  tha  equality  ol  iliumination  can  De 
moved.     When  a  aettinx  has  been  made,  the  iat«neitiea  of  tbn  two  ■ouroa 


Fia,  fl.    Pbolometer.  Qutnt  ±  C 


id  Utht  at*  directly  propartiona]  to  the  eqaarea  of  th^  raapeatlTa  dlitanoaa 
from  the  photometTie  acreeo  in  the  »cht'box. 

The  form*  ot  aij^t-hox  which  ara  moat  oommonly  employed  an  the 
BunMD  and  the  Lummer-Brodbua.  The  latl«r  is  unexKltad  by  any  other 
nbolometric  device  when  the  liihta  to  be  compared  are  of  the  same  color. 
When  oi^r  diEferaaMe  are  proHnt.  the  Bunsen  is  to  be  recommended, 
eepeeifltly  ao  when  it  ia  equipped  with  the  Leeeon  star  disk. 

Id  Baaaa^'aphotoineterapieeeot  while  "■"•'■  — ■^r'«'"  iriii(l«r/rt™ii»+it. 

two  lisbta  with  lie  nirfaae  at  lifiit  angleg 
In  the  aight-box  are  plaoed  two  mirron  - 
— '-li efceho"- v-TTT.i  _. j._  _.  .1. _ 


£othar  lO  that  both  ndea  ol 


la  oentar  ig  placed  between  tha 
(he  rays.  Behind  tha  naner 
n  ancle  of  about  !• 


, ,^^,.sA  almultanaouflly. 

Tba  box  ia  moved  alone  the  bar  between  the  Ufbti  until  Ihe  fieaae  spot  la 
•eeo  with  equal  dialitictaeaa  on  both  lidea.  Thii  indioataa  an  equality  of 
iUuminatioiLaDd  the  cenarsl  law  (iven  above  Is  uised  to  compute  the  relative 


inlendtiet  cj  the  UdiiB.    The  Le»on  star  disk  ii  ii. ^ ^ 

to  the  peaaa  apot  duk.  and  ia  made  aa  followi :  A  Btar-ehsped  Sgureii 
out  of  s  pieoeot  moderately  heavj'  paper,  and  tha  latter  is  preased  bet< 
two  pieeee  of  tiaaue  paper  of  the  proper  degne  ol  tranaparency.  '^- 
rid*  pieoea  may  be  paatad  last  to  tha  middle  pieoe. 


==■( 
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Id   tha  £MMM«vBr«afe«i  pj 

J*  l£\  ™"*'i  iU*«™i>i  and  out  of  tfae  isi 

^  >J  I  parimn  enter  »t  tha  iiid«  kuIoi 


DiffuMd  Ught  fnim  theno  white  surfKiwa 

■n  BDKle  of  45°,  uid  ia  nflected  to  rialil- 
nagied  prunu  wbich  huve  the  oul«r 
portioTU  of  tbeir  hypothenuse  atirfAca 
out  an»y  uid  coated  witb  ftsptialt  v^miob 
to   aeoure   complete    bbsDrptiob.     l^^t 


Fia.  &     Lumimr-BroiUiUD  Pbotomet«r  Curincs. 


WbeQ  the  shodom  u 


V  oompam  the  shadoin  of  mn  opaqoe  rod  tlirowa 

rfequftl  density. 


In  JBItchlo'e  photomster  two  equal  white  surfaon  an  pUead  at  kn 
ande  with  ncta  oUiar,  and  with  the  liat  ol  licht  and  their  bn^tocM  eom- 
p^ed,  tnovias  back  nail  forth  on  the  line  ol  li^t  until  both  iiutaMa  u* 

In  J'alj''a  pholemeter.  two  slabs  of  paraffin  wax.  or  tnuuluBoit  (Ian 
about  3'  X  2"^  X  i',  are  faetened  tofBIber  back  to  baek  by  Canada  balsiii. 
a  sheet  of  paper  or  iilver  foil  being  finl  intenxJeed,  Bft«r  which  the  edcea 


ri^tani 


aUb,  a  ohecL  aan  be  had  oi 


I  li^ts,  with  the  plans  at  the  joint  at 
ighta,  and  moved  baek  and  forth  on 
1  tbe  ed^  ol  the  alab  fiods  both  eidea 
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*  IPhm  T«st  Plato. — Pnaton  8,  MiUar.  In  genenl  ifork  the  mtmidty 
of  the  light  incident  upon  a  given  suifaoe  vs  the  only  quantity  which  it  is 
pnusticable  or  even  desirable  to  measure.  This  is  pot  proportional  neoes- 
sarilv  to  the  illuminating  effect,  which  varies  as  well  with  the  point  from 
wfaion  the  surface  is  viewed,  with  the  color  of  the  light  and  with  the  color 
and  character  of  the  surface. 

The  criterion  by  which  the  light  intensity  is  judged  must  be  strictly 
proportional  to  the  light  incident  upon  the  test  plate,  and  must  be  inde- 
pendent of  each  of  the  other  improper  variables  just  mentioned,  if  the 
results  of  the  observation  are  to  show  toe  intensity  of  the  light  incident  upon 
the  surface. 

Whether  or  not  the  light  falling  upon  the  photometric  device  varies  only 
with  that  incident  upon  the  test  plate,  depends  upon  the  design  and  loca- 
tion of  that  plate. 

The  requirements  for  a  theoretically  correct  test  plate  are: 

First,  a  plain  white  surface  which,  when  viewed  from  the  point  of  photo- 
metric observation,  obes^  Lambert's  law  of  the  cosines  with  reference  to 
intensity  of  illumination  produced  by  light  incident  upon  its  surface  at  any 
inclination  and  from  any  direction. 

Second,  a  material  which  will  not  introduce  errors  due  to  color  differences. 

Third,  a  {date  which  may  be  placed  at  any  angle. 

Fourth,  a  location  such  that  neither  the  Dody  of  the  observer  nor  instru- 
ment parts  shall  obstruct  light  which  would  otherwise  fall  upon  the  plate. 

It  is,  of  course,  desirable  to  measure  all  of  the  light  which  would  oe  inci- 
dent upon  an  object  at-  the  point  to  be  considered.  In  all  interior  lighting 
ssrstems  there  is  more  or  less  diffused  light,  all  of  which  has  some  illuminat- 
ini;  value.  In  order  to  measure  all  of  the  effective  light,  there  must  be  no 
objective  interference  with  light  incident  upon  the  plate  at  any  angle. 
This  means  that  all  instrument  parts,  as  well  as  the  observer,  must  l>e 
beneath  or  behind  the  surface  of  the  test  plate.  This  is  possible  only  when 
transmitted  Ught,  instead  of  reflected  light,  is  measured. 

The  oidy  color  which  is  practicable  is  white,  of  as  great  purity  as  may 
be  obtainable,  and  as  free  as  possible  from  selective  absorption.  With  such 
a  test  plate,  hghts  of  different  colors  are  credited  with  anproximately  their 
true  intensities,  when  the  test  plate  is  viewed  from  the  photometric  device. 

Prof.  If  Weii«r  has  invented  a  photoiileter,  as  follows; 

The  apparatus  consists  of  a  tube,  A.  about  30  cm.  long,  which  can  be 
moved  up  and  down  and  swung  in  a  horisontal  plane  on  the  upright,  c. 
The  standard  light,  <S,  a  bensine  lamp,  is  containecl  in  a  lantern  fastened  to 
the  right  end  oi  the  tube,  A.  Within  the  tube.  A,  a  oiroular  plate  of  opal 
I^SLss  can  be  moved  from  or  towards  the  light,  S;  its  distance  from  E  is 
read  in  centimeters  on  the  scale,  a,  by  means  of  an  index  fastened  to  the 
pinion,  P.  At  right  angles  to  tube.  A,  a  second  tube,  B,  is  fastened.  This 
tube  ean  be  rotated  in  a  vertical  plane,  and  its  position  in  reference  to  the 
horiaontal  is  read  on  the  graduated  circle,  C.  A  Lummer-Brodhun  prism 
contained  in  tube  B  in  its  axis  of  rotation  receives  light  from  the  opal  glass 
I^te  in  tube  A,  and  reflects  this  light  towards  the  eye-piece.  O,  so  that  the 
outer  half  of  the  field  of  vision  is  illuminated  by  this  light;  the  inner  half  is 
illuminated  by  the  light  entering  the  tube^  J?,  through  g. 

In  making  measurements,  the  tube  B  is  pointed  toward  the  source  of 
li^t  to  be  measured.  The  light  has  to  pass  through  a  square  box,  p,  in 
uriuch  may  be  inserted  one  or  more  opal  glass  plates,  in  oraer  to  diminish 
the  intensity  oi  the  light,  and  thus  to  make  it  comparable  with  the  standard 
Ught.  The  apparatus  permits  the  messurement  of  light  in  the  shape  of  a 
flame,  as  well  as  the  measurement  of  diffused  light. 

Since  the  meastu«ment  of  diffused  light  interests  us  most  at  present,  a« 
short  description  of  the  method  will  not  oe  out  of  place. 

A  ii^te  screen,  the  surface  of  which  is  absolutely  without  luster,  fur- 
nished as  part  of  the  apparatus,  is  i>Iaced  in  a  convenient  position,  either 
horisontal  or  vertical,  or  at  any  desired  inclination,  toward  the  source  of 
light. 

The  photometer  having  been  located  at  a  convenient  distance  from  the 
Bcreen,  the  tube  B  is  pointed  to  the  center  of  the  screen.  The  distance  of 
the  photometer  from  the  screen  can  be  varied  within  very  wide  limits,  the 
only  restrictions  being  that  the  field  of  vision  receives  no  other  light  than 

*  Trans.  Illuminating  Engineering  Society,  October,  1007. 
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thmt  ■nunstinc  from  tb«  Mraan.  Ths  nestonry  precautiona  for  Hljaatmaot 
b>viD(  b«an  obMrred.  the  opal  sla«  plate  in  Ibe  tube  A  is  moTcd  until  both 
lulvie  of  the  Beld  of  viijon  appaiu-  equally  illuminsled.    Ths  diitoiuie.  r,  at 


mimitkn  on  tfaa  wfail* 
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Tba  oonsUot  K  ia  previootly  deMrminBd  as  foUom: 
A  BtAndBnl  Aodle  or  ita  vquivtUnit  n  plsDed  nwitly  ODfl  metfir  dlata 
bom  tha  whiu  aetaea,  and  ths  tube.  B,  of  tbe  photomeUir  b  poioUid  toirsr 
the  ion«n,  so  that  the  neuter  of  the  Hreen.  which  ii  muked  bv  a  era 
is  Man  in  the  oentar  of  ths  Beld  of  vision.  As  indicated  io  Fit.  S,  (he  phol 
meter  must  be  »  pUoed  that  the  aye.  looldnc  ibroush  the  eye-piece,  ec 
oothins  but  the  white  acieen,  Tbe  anile  of  iDclioatioa  under  which  tl 
loeeD  IB  obeerved  may  be  varied  within  wide  limiii  without  inQuenci] 
the  leaull;  it  ahould,  however,  oat  exceed  00  desreea  from  the  nomuil 


K.  ia  found  by  ealoulatu 


3inM  r  la  nu]  io  mitlinuMn.  and  R  b  made  1  meter  or  1000  milUmeten, 

-    1000  iutead  ol  1  miut  be  Uken  in  tbe  rormula  for  oalaulatinc  tbe  intendtr 

gf  iltumiaatinc  in  metar-etadla. 


D  of  the  apparatuA  by  t'roita 


dittuaed  Ught  without  the 
___  .je  reader  b  referred  to  tbe 
r  Weber,  EltUmachniidf  Ziif 


detiilg  the  nader 


t  ii  dealcnad  for  maliins . 


n  eaaily  be  taken  apart,  and  packed  in  a  box 

In  Bome  eaaae  the  beniine  lamp  misht  well  be 

eacent  hunp.  provided  thb  lamp  is  itandanliMd 

ent.  and  quite  eufBdenUy  ooDBlant  in  eandle-powar  tor 

—  TUainstin- 


and  illoralDaUao  wUA  Om  Weber  la  fitted  tor.  while  It  li  i 

and  eipanaivBi    The  imtrucnont  la  UliuitrHttd  In  Fig.  11.* 
■■MBwattBr  rkB«<>»toira.  —  Ptaotometen  «n  be  . 
(hk(  they  will  mcenire  direetly  the  mean  spheri 
Sncb  pholometen  have  been  deeigned  by  Profi 
and  incsDdeacAit  lamiM.     (Trana.  A.  1.  E.  E.) 


Ualthewi  both  tor  an 


I 
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A  limpla  form  of  this  type  of  photometer  10  the  tJlbTicht  sphwe  jphoto- 
meter.  This  oonsists  of  a  large  sphere  coated  on  the  inside  with  dull  white 
paint  and  furnished  with  a  small  window  of  diffusing  glass.  The  lamp 
18  introduced  into  the  interior  and  a  screen  is  so  placed  that  the  direct  rays 
of  the  lamp  cannot  fall  on  the  window,  which  is  consequently  illuminated 
bjr  reflected  rays  alone.  The  theory  shows  that  the  intensity  of  such  illu- 
mination is  proportional  to  the  total  luminous  flux,  or  the  mean  spherical 
oan<Ue-power  of  the  source  within,  so  that  it  is  necessary  only  to  photo- 
meter toe  light  issuing  from  the  window  to  have  a  measure  of  these  quan- 
tities. The  sphere  must  be  calibrated  by  the  "substitution  method,** 
using  an  incandescent  lamp  standardized  for  mean  spherical  candle-power. 

SattBir  ^f  lllwil»anta.  —  Illuminants  are  rated  according  to  their 
candle-power  and  their  volts,  amperes  or  watts.  Differences  occur  in 
practice  as  to  what  is  meant  by  the  candle-power,  that  is.  in  what  direction 
the  candle-power  is  to  be  measured.  In  the  earliest  days  incandescent 
lamps  were  rated  by  their  maximum  candle-power;  now,  however,  the  most 
common  practice  is  to  use  the  mean  horuoiUal  eandle-jwwer.  In  compar- 
ing lamps  having  differently  shaped  filaments  this  is  in  general  not  a  fair 
basis,  since  two  lamps  might  give  the  same  total  flux  of  light  and  jret  one 
of  them  mifl^t  have  a  much  smaller  mean  horiaontal  candle-power  than 
the  other.  These  differences  are  recognised  by  the  differences  in  the  spher- 
ical reduction  factors  of  the  two.  A  small  aifferenoe  in  spherical  redu^ 
tion  factor  may  have  a  very  large  influence  on  the  results  obtained  in  a 
life-test.  The  fair  way  is  to  use  the  total  flux  of  lii^t  or  the  mean  mherical 
eandte-power  as  the  basis  for  comparing  lamps  or  illuminants  of  aifierent 
types.  The  American  Nemst  lamp  is  usually  rated  by  its  maximum  candle- 
power,  that  is,  the  candle-power  immediately  below  it.  The  intensity  in 
this  direction  is  increased  considerably  by  the  light  reflected  from  the  heater 
coils  and  other  parts  of  the  lamp.  No  standard  method  for  candle-power 
rating  of  arc  lamps  has  ever  been  adopted  in  America.  In  Germany  the 
mean  lower  hemispherical  intensity  is  chosen  for  this  puipoee. 

Wtttto  per  cAiMlle.  —  The  condition  of  operation  of  an  incandfl»- 
oent  lamp  is  usually  specified  by  the  watts  per  candle,  meaning,  ordinarily, 
the  watts  per  mean  horisontal  candle.     The  efficiency  of  a  lamp  is  inversely 

Cportional  to  its  watts  per  candle.  The  life  history  of  a  carbon  filament 
p  is  characterized  by  a  small  initial  increase  in  candle-power  lasting  for 
about  50  hours  in  the  case  of  a  3.1  watt  per  candle-lamp  and  then  by  a 
unform  decrease  in  candle-power  until  the  lamp  fails.  This  is  accom- 
panied bv  a  regulari^  increasing  blackening  of  the  bulb.  It  has  been 
shown  (Sharp,  EledtncoL  Worid^  Vol.  48,  p.  18),  that  the  age  of  a  lamp 
may  be  estimated  by  an  examination  of  the  decree  of  buTb  blackening. 
The  light  from  frosted  lamps  decreases  more  rapidly  than  that  from  un- 
frostedfones,  an  effect  which  has  been  shown  (Millar.  Electrical  World,  April 
20,  1007)  to  be  due  to  the  increased  absorption  of  that  portion  of  the  ligjit 
which  suffers  multiple  reflections.  Any  lamp  may  be  operated  at  any  watts 
per  candle  simply  by  raising;  or  lowering  the  impressed  voltage,  but  the  life 
of  a  lamp  decreases  very  rapidly  with  decreased  watts  per  candle.  In  opm- 
tion  it  is  necessary  to  strike  a  Mlanoe  between  increased  efficiency  and  in- 
creased cost  of  lamp  renewals.  The  standards  are  3.1,  3.5  and  4.0  watts 
per  candle.  Closely  regulated  voltage  is  easentiai  to  successful  3.1  watts 
per  candle  operation. 

After  a  lamp  has  reached  a  certain  point  in  its  decline  in  candle-power 
and  efficiency,  it  is  more  economical  to  replace  it  with  a  new  one  toaa  to 
consume  enecgy  in  a  wasteful  device.  The  period  of  the  life  at  which  this 
condition  is  reached  is  called  the  "snuuhino  point,"  of  the  lamp.  The 
smashing  point  may  be  computed,  but  it  is  found  in  practice  that  it  is  moet 
satisfactory  to  assume  uniformly  that  its  point  has  been  reftohed  when  the 
candle-power  has  decreased  20  per  cent  from  the  initial  value.  This  con- 
stitutes by  common  consent  the  close  of  the  "useful  life**  of  a  carbon  fila- 
ment lamp.  * 

ftplierlcal  Caadle-power  And  IMatrlb«tlOB  Cmrv9»*  —  A 
lamp  filament  giving  a  certain  total  flux  of  light  may  be  made  tojove  a 
greater  or  a  smaller  proportion  of  this  in  the  horisontal  direction,    ^ere- 
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»  baiii  for  oompuinc  the 


this  factor  for  different  types  <^  lamj 
power  about  the  HJDB  typca.  Them 
lor  the  Umps,  that  is,  ourves  the  a 
to  the  mtKQ  opherical  candle-power, 
trical  Testing  Labontoria. 


DoubEe  loop. 
Oval, 

Small  spinJ;  aiDsIa  turn. 
l*n(e  spiraJ;  single  turn. 
Hrdium  spinl;  siacle  turn. 
"' — t-tened  npiral ;  double 
tioaTapiral,  '    -■■■-- 
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544  ELECTRIC  LIGHTING. 

Vb«  Proper  Use  of  iBcaadeacoBt  I<aflip«« 

(From  a  Circular  of  the  General  Electric  Company.) 

A  lamp  to  fflTe  satlsfaotion  must  not  only  be  properly  made,  but  it  mi»t 
also  be  properly  used.  A  lamp  of  the  highest  qualitv  may  be  so  misused  as 
to  glye  only  a  small  fraction  of  its  rated  light  capacity.  Proper  use,  produ- 
oing  a  maximum  of  light  at  a  minimum  expense,  reqnirss : 

That  the  lamps  be  burned  at  marked  Toltage. 

That  the  voltage  be  kept  constant. 

That  lamps  be  replaced  wheneTer  they  get  dim. 

The  last  requirement  is  not  considered  economical  by  many  users  who 
prize  lamps  >hat  have  long  life,  and  insist  on  using  them  as  long  as  they 
will  burn.    Let  us  see  by  an  example  if  extremely  long  life  is  desirable. 

As  the  cost  of  current  Taries  greatly,  we  will  assume  an  average  cost  of 
one-half  cent  per  lamp  hour.  If  a  rated  16-candle-power  lamp,  burned 
for  1000  hour8,be  burned  an  additional  1000  hours,  it  takes  practically  the  same 
current  during  the  last  period,  but  gives  an  average  light  of  only  about  8 
candles.  The  cost  of  current  for  the  2000  hours  is  $10.00.  A  new  lamp  oosU 
20  to  25  cents;  and  had  three  lamps,  with  a  life  of  about  700  hours  each,  been 
used  during  the  entire  period,  the  average  light  would  have  been  fully 
doubled,  at  an  added  expense  of  not  more  than  60 cents,  or  5  %  of  cost  of 
current.  In  other  words,  by  adding  6  %  to  operating  expense  (representing 
the  cost  of  the  two  renewal  lamps)  the  customer  would  ada  100  %  to  the 
light  given.  One  new  lamp  gives  a  lisht  equal  to  two  old  ones  at  half  the 
cost  or  current.  If  the  old  lamps  gave  Tight  enough,  the  new  lamps  would 
halve  the  number  of  lamps  in  use,  and  produce  the  same  light  with  half  the 
current. 

It  is  important  to  note  that  the  above  example  is  based  on  results  obtained 
with  the  nighest  grade  of  lamps.  With  an  inferior  quality  of  lamp  the  ar- 
gument against  extremely  long  life  would  be  still  stronger  and  the  neoes- 
sity  of  frequent  renewals  of  lamps  much  greater. 

Thus,  from  any  point  of  view,  it  is  false  economy  to  select  lamps  with  a 
sole  r^pird  for  Ions  life.  Lamps  should  be  renewed  when  dim,  for  in  no 
other  way  can  light  be  produced  economically. 

The  points  to  be  remembered  are  as  follows : 

I>o  not  run  pressure  above  the  voltage  of  the  lamps.  Increased  pressure 
means  extra  power;  and  although  the  old  lamps  may  thus  give  more  light 
for  a  while,  every  new  lamp  that  does  not  break  from  the  excessive  pressure 
will  deteriorate  very  rapidly  and  give  greatly  diminished  light. 

Do  not  treat  incandescent  lamps  like  lamp  chimneys,  and  use  them  until 
they  break.    They  should  be  renewed  whenever  they  get  dim. 

XJf«  mmd  Ca»dl«-pow«r  of  JiMipi. 

Since  the  prime  function  of  an  incandescent  lamp  is  to  give  li^it,  the  beet 
lamp  is  that  which  ^ves  maximum  li^t  at  minimum  cost.  Tliis  is  an 
exceedingly  simple  axiom,  and  yet  few  users  of  lamps  follow  it  out  in  prao* 
tice.  Lamps  are  repeatedly  selected  for  lonfi^  life,  irrespective  of  sood,  uni- 
form candle-power.  Lamps  are  often  continued  in  use  long  tUtter  their 
candle-power  has  seriously  diminished. 

An  examination  oS  the  characteristics  of  an  incandescent  lamp  will  pve 
a  dear  understanding  of  the  principles  applying  to  their  selection  and  use. 
A  theoretiodly  perfect  lamp  would  maintain  its  normal  candle-power 
indefinitelv.  or  until  the  lamp  was  broken.  In  practice  the  deterioratJon  at 
the  lamp  niament  causes  a  steady  loss  of  candle-power. 


Acvkrdimr  M^atm  im  Caadle-power.  — The  drop  in  candle-power 
is  a  characteristic  of  an  incandescent  lamp  always  to  be  borne  in  mind. 
The  relative  drop  or  loss  of  candle-power,  other  things  being  equal, 
detenmnes  the  comparative  value  of  different  lamps.  We  may  have  a 
lamp  that  loses  50  per  cent  in  candle-power  inside  of  200  hours  on  a  3- 
watt  hasii.    Considered  from  the  standpoint  of  Ufe  only,  such  lamps  are 
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exoeUeDt,  because  their  filaments  deteriorate  to  such  a  denee  that  it  ii 
practioaily  impossible  to  supply  enough  current  to  brighten  them  up  to  the 
breaking  point,  but  no  discerning  station  manager  would  want  sueh  dim 
lamps,  even  with  unlimited  life.  As  in  the  selection  of  incandescent  lampt 
so  in  their  use  —  the  exclusive  consideration  of  life  leads  to  poor  results 
liOBS  of  candle-power  in  a  lamp  sooner  or  later  makes  it  uneconomical  to 
continue  in  use. 

A  customer  cares  little  how  efficiently  a  station  is  operated,  but  is  much 
eonoemed  about  the  quality  of  light  furnished.  Some  means  of  keeping  the 
average  life  below  60O  hours  should  be  adopted  by  every  lighting  company 
that  has  any  regard  for  the  eoonomical  production  of  light,  or  the  satisfac- 
tion of  their  customers. 

A  simple  method  is  to  fix  the  average  life  at  600  hours  or  less,  and  then 
determine  from  the  station  record  how  many  lamps  should  be  renewed  each 
mionth  to  keep  the  average  Ufe  within  this  limit.  The  required  number  of 
lamps  should  oe  renewed  each  month. 

Jf,  for  example^  a  station  decides  on  an  average  Ufe  not  to  exceed  600 
hours  and  the  station  records  show  that  on  the  average  60,000  lamp  hours  of 

flO  000 
current  are  supplied  monthly,  theo  it  would  be  neoessafy  to  renew     1^    or 

100  lampa  a  month. 


Vb«  'XmkpovUut€m  of  Oood  Iftegidatt 


Ihrop^r  AelecttOB  and  Use  of  Tn^mafomiova* —  Poor  regolatioik 
of  voltage  probablv  results  in  more  trouble* with  customers  than  any  other 
fault  in  electric  liffiting  service. 

Some  central  station  managers  act  on  the  theory  that  so  long  as  the  life 
of  the  lamp  is  satisfactory,  an  increase  of  voltage,  either  temnorary  or  per- 
manent, wOl  Increase  the  average  light.  Theiact  is  that  wnen  hunpsare 
burned  above  their  normal  rating  uie  average  candle-power  of  aU  the 
lamps  on  the  circuit  is  decreased;  and  if  the  station  is  on  a  meter  basis,  it 
Increases  the  amount  of  the  customers'  bills.  # 

JBtIIs  of  Sxcoeslve  VoltoM.—Bzcessive  voltage  is  thus  a  double 
error  —  it  decreases  the  total  light  of  the  lamps,  and  increases  the  power 
consumed.  The  loss  of  light  displeases  the  customers  and  discredits  the 
service.  If  light  is  sold  bv  meter,  the  increased  power  consumption  dissat- 
isfies the  customers;  if  lignt  is  sold  by  contract,  the  additional  power  is  a 
dead  loss  to  the  station.  If  increased,  light  is  needed,  20  candle-power 
lamps  should  be  installed,  instead  of  raising  the  pressure.  Their  first  eost 
is  the  same  as  16  candle-power  lamps;  thev  take  but  little  more  current 
than  16  candle-power  lamps  operated  at  high  voltage,  and  give  greater 
average  light. 

Increased  pressure  also  decreases  the  commercial  life  of  the  lamp;  and 
this  decrease  is  at  a  far  more  rajp^d  rate  than  the  increase  of  pressure,  as 
shown  in  the  following  table.  This  table  shows  the  decrease  in  life  of 
standard  3.1  watt  lamps,  due  to  increase  of  normal  voltage. 

Per  Cent  of  Normal  Voltage.  Life  Factor. 

100  1.000 

101  0.796 

102  .616 

103  .49 
101  .40 
106  .34 
106  .29 

From  this  table  It  is  seen  that  3%  Increase  of  voltage  halves  the  life  of  a 
lamp,  while  6%  increase  rednces  the  life  by  two-thirds.  <^ 

Irregular  pressure,  therefore,  necessarily  results  in  the  use  of  lamps  in 
which  the  power  consumption  per  candle  Is  greater  than  a  well-regulated 
pressure  would  allow.  The  result  is  reduced  capacity  of  station,  and 
reduced  station  efllciency. 


M6  SLBCTRIC  UQHTINO. 


TheM  remarks  apply  with  tpeolal  (oroe  to  altemating'^WTiaiit  ftatioiit, 
■inoe  we  hare  here  two  sourees  of  possible  Irregularity  in  Toltage —  the 
generator  and  the  transformer.  Poor  reffulation  is  most  apt  to  occnr  la  the 
nransformers,  and  the  utmost  care  shoola,  therefore,  be  taken  in  their  8eleo> 
tion  and  use.  The  efficiency  of  the  average  lamp  on  altematins  systems 
is  nearly  4  watts  per  candle.  With  good  rc^BH^atton  obtained  by  tne  Intalli' 
gent  use  of  modem  transformers,  the  use  of  lamps  of  an  efficiency  of  8.1 
watts  per  candle  becomes  practicable.  It  is  thus  possible  to  save  26  %  in 
power  consumption  at  the  lamps,  and  increase  the  capacity  of  the  station 
and  transformers  by  the  same  amount. 

The  general  adoption  of  hidier  voltage  secondaries  gives  smaller  loss  in 
wires,  and  permits  the  use  of  larger  transformer  units,  thus  grsatly  improv- 
ing the  regulation.  On  this  account  SO-volt  lamps  are  nadually  going 
out  oi  use.  The  replacement  ol  a  number  of  small  tranaormen  by  one 
large  unit,  and  of  old,  inefficient  transformers  by  modem  types,  has  also 
been  of  immense  advantage  to  stations.  A  large  number  of  stations, 
however,  still  retain  these  old  transformers,  and  Toad  their  drouits  with 
large  numbers  of  small  units.  Such  stations  necessarily  sufFer  from  loss 
of  power,  bad  r^pilation,  and  a  generally  deterioratea  lifl^ting  servioe. 
Simply  as  a  return  on  the  investment,  it  would  pay  all  such  stations  to  sorap 
their  old  transformers  and  replace  them  with  large  and  modem  units. 

Proper  care  in  the  selection  of  transformers  considers  the  quality  and  the 
sise.  Quality  is  the  essential  consideration,  and  should  have  preference  over 
first  cost.  No  make  of  transformer  should  be  permitted  on  a  station's  eir- 
ouit  that  does  not  maintain  its  voltage  well  within  3  per  cent  from  full  load 
to  no  load.  The  simple  rule  regarding  sise  is  to  use  as  large  units  as  possiblei, 
and  thus  reduce  the  number  oi  units  as  far  as  the  distribution  of  servioe 
peraiits.  Every  altwnating  station  should  aim  to  so  improve  regulation  aa 
to  paixnit  the  satisfactory  use  of  3.1-watt  laaopa. 

Good  regulation  is  eminently  important  to  preserve  the  average  life  and 
light  of  the  lamps,  to  prevent  the  Increase  of  power  consumed  by  the  lamps, 
and  to  permit  tne  use  of  lamps  of  lower  power  consumption,  so  that  both 
the  efficiency  and  capacity  of  the  station  may  be  increased. 

Constant  voltage  at  the  lamps  can  be  maintained  only  by  constant  use  of 
reliable  portable  instruments.  No  switchboard  instrument  i^ould  be 
relied  on.  without  frequent  checking  by  some  reliable  standard.  Owing  to 
the  varying  drop  at  different  loads,  constant  voltage  at  the  station  Is  not 
what  is  wanted.  Pressure  readinss  should  be  taken  at  customers'  lam|)s  at 
numerous  points,  the  readings  being  made  at  times  of  maximum,  average 
and  minimum  load.  Not  less  than  five  to  ton  readings  should  be  made  at 
each  point  visited,  the  volt-metor  being  left  In  circuit  for  four  or  five  min- 
utes, and  readings  being  taken  every  fixtoen  seconds.  The  average  of  all  the 
readinn  gives  the  average  voltage  of  the  circuits.  Lamps  should  be  or- 
dered for  this  voltage,  or  if  desired,  the  voltage  of  the  circuits  can  be  re- 
duced or  increased  to  suit  the  lamps  in  use.  The  practical  points  are  to 
determine  the  average  voltage  at  frequent  periods  with  a  portable  volt- 
meter at  various  points  of  the  circuits,  and  then  to  arrange  the  voltage  of 
the  lamps  and  circuits  so  that  they  i^ee. 

Candle-BCoBra—  The  Aegrvlatlon  of  XiAMip  Valve. 

The  amount  of  light  given  by  lamps  of  the  same  efficiency  Is  the  only 
proper  measure  of  their  value.  The  amount  of  light  given,  expressed  in 
candle-hours,  is  the  product  of  the  average  candle-power  for  a  given  period 
by  the  length  of  the  period  in  hours. 

Many  of  the  best  central  station  managers  consider  that  a  lamp  has  passed 
Its  useful  life  when  it  has  lost  20  %  of  its  initial  candle-power.  In  the  ease 
of  a  16  candle-power  lamp,  the  limit  would  be  12.8  candle-power.  The 
period  of  time  a  lamp  barns  until  it  loses  20  %  of  Its  candle-power  may 
therefore  be  aocepted  as  Its  useful  life.  The  product  of  this  period  in  hours 
by  the  average  oandle-power  gives  the  *' oandle-houis  **  of  Hgfat  for  any 
given  lamp. 

The  better  a  lamp  maintains  its  candle-power  under  equal  conditions  of 
oomperison  the  greater  will  be  the  period  of  "useful  lifCj"  and  thersfore 
the  greater  wUl  oe  the  *' candle-hours."  This  messure  is,  therefote,  the 
only  proper  one  with  which  to  compare  lamps  and  determine  their  quality. 


^ 
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The  ptBctieal  method  of  oompariaon  is  as  follows :  Lamps  of  siniilar 
candle-power  and  voltage  are  burned  at  the  same  initial  effioienoy  of  3.1 
watts  per  eandle  on  oireuits  whose  voltage  b  maintained  exactly  normal. 
At  penods  of  50,  75.  or  100  hours  the  lamps  are  removed  from  the  oireuits 
ana  candle-power  readings  taken,  the  lamps  being  replaced  in  drcuit  at  the 
end  of  each  reading.  Readings  are  thus  continued  until  the  candle-power 
drops  to  80  %  of  normal.  The  results  obtained  are  then  plotted  in  curves, 
ana  the  areas  under  these  curves  give  the  "candle-hours  and  the  relative 
▼alue  of  the  different  lamps. 


VarlaMoB  Im  Candl«-jpow«r  mmA 

In  the  following  table  is  shown  the  variation  in  candle-power  and  effi- 
ciency of  standards.  1  watt-4amps  due  to  variation  of  normal  voltage. 


Per  Gent  of  Normal 
Voltage. 

Per  Cent  of  Normal 
Oandle-power. 

Watts  per  Oandle. 

90 

53 

4.68 

91 

57 

4.46 

92 

61 

4.26 

93 

65 

4.1 

94 

69} 

8.93 

95 

74 

8.76 

96 

79 

8.6 

97 

84 

8.46 

.  98 

89 

8.34 

99 

941 

8.22 

100 

100 

8.1 

101 

106 

2.99 

103 

112 

3.9 

103 

118 

2.8 

104 

124} 

2.7 

105 

131 

2.62 

106 

138} 

2.54 

Example :  Lamps  of  16  candle-power,  106  volts,  and  3.1  watts,  if  burned 
at  98  %  of  normal  voltage,  or  103  volts,  will  give  89  %  of  16  candle-power,  or 
14}  candle-power,  and  the  efliclency  will  be  4.34  watts  per  candle. 


The  importance  and  necessity  of  proper  lamp  renewals  applies  fordblv 
to  all  stations,  r^cardleas  of  the  cost  of  power,  and  whether  lamp  renewals 
are  changed  for  or  furnished  free.  The  policy  of  free-lamp  renewals  at  the 
present  k>w  price  of  lamps  is,  however,  preferable  for  both  station  and  cus- 
tomer. Free  Iami>  renewals  ^ve  a  station  that  full  and  complete  control  of 
their  ligihting  service  so  requisite  to  perfect  results. 


PolBts  to  b«  Iftea 

That  a  constant  pressure  at  the  lamps  must  be  maintained. 

That  the  lamps  are  not  to  be  used  to  the  point  of  breakage  —  they  should 
be  renewed  when  they  become  dim. 

That  satisfaction  to  customers,  and  the  success  of  electric  lighting,  are 
dependent  upon  good,  full,  and  clear  light,  which  old,  black,  and  dim  lamps 
eannot  gjve. 
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That  to  f umiflh  a  good,  full,  and  clear  lifl^t  U  as  much  a  part  of  tbs  Hgbfe- 
incoompany's  business  as  to  supply  current  to  light  the  lamps. 

That  a  company  should  always  endeavor  to  keep  the  average  life  of  lamps 
within  600  hours.. 

That  to  renew  dim  lamps  properly  en  the  free  renewal. system,  inspeeton 
should  examine  the  circuits  regularly  when  the  lamps  are  burning.  If 
lamp  renewals  are  charged  to  customers,  induce  them  to  exchange  their 
dim  lamps. 

I«iiiiitBOsltj  of  IncaaileeceBt  ILtumpm* 

As  showijig  the  quality  of  incandescent  light,  we  present  here  a  ourre 
showins  the  relative  luminoBity  of  an  incandescent  lamp  at  different  regions 
of  the  visible  spectrum. 

On  this  subject  Prof.  E.  L.  Nichols  states  the  following : 
"The  most  important  wave-leugths,  so  far  as  light-giving  power  is  con- 
cerned, are  those  which  form  the  yellow  of  the  spectrum,  and  the  relativi 


too 
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Fio.  13.    KeKioTis  of  Spectrum. 


luminosity  falls  off  rapidly  both  toward  the  red  and  the  violet.  The  lonm 
waves  have,  however,  much  more  influence  upon  the  candle-power  than  tne 
more  refrangible  ravs. 

"  Luminosity  is  tne  factor  which  we  muBt  take  Into  account  in  seeking  a 
complete  expression  for  the  efficiency  of  any  source  of  illumination,  and 
the  method  to  be  pursued  in  the  determination  of  luminosity  must  depend 
upon  the  use  to  which  the  light  Is  applied.  If  we  estimate  light  bV  Its 
power  of  bringing  out  the  colors  of  natural  objects,  the  value  which  we 
place  upon  the  blue  and  violet  rays  must  be  very  different  from  that  which 
would  be  ascribed  to  them  if  we  consider  merely  their  power  of  illumina- 
tion as  applied  to  black  and  white.  In  a  picture  gallery,  for  instance,  or 
upon  the  stage,  the  value  of  an  Illumlnant  increases  with  the  temperature 
of  the  Incandescent  material  out  of  all  proportion  to  the  candl^power, 
whereas  candle-power  affords  an  excellent  measure  of  the  li^t  to  be 
used  in  a  reading  room. 
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CailiOB  or  CtoHi  "Mtumtpm,  —  The  eo-oalled  "metal- 
Kaing"  prooeae  as  applied  to  oarbon  filaments  consists  in  heatinjic  the  filaments 
to  an  enormously  hifl^  temperature  both  before  and  after  flashing,  ustnir 
a  carbon  tube  eleotrio  furnace  for  the  purpose.  The  term  "metallised" 
is  applied  on  aeooont  of  the  positive  temperature  coefficient  which  the 
filaments  acquire  hi  the  process.  The  useful  life  of  the  metallised  filament 
lamps  at  2.5  w.pwc.  is  saia  to  be  the  same  as  that  of  the  ordinary  oarbon  lamp 
at  3.1  w.  p.  0. 


The  style  of  label  employed  for  Oem  Lamps  fs  as  here  shown.    These 
labels  are  printed  for  all  the  voltages  from  100  to  130  and 
for  the  various  sizes  of  lamps. 

As  shown  in  the  cut  of  label,  only  the  total  wattage  of 
lamp  and  the  volts  are  printed.  Candle-power  values 
are  not  given,  as  these  values  vary  with  the  different 
forms  of  reflectors.  (See  candle-power  distribution 
onrves.)  The  voltage  markings  are  arranged  to  show 
three  voltages  in  steps  two  volts  apart,  and  this  provides 
a  ready  method  of  vairing  the  efficiency  and  life  of  lamps 
to  suit  different  conditions.  The  values  at  each  of  tne 
three  volUwes  are  shown  in  the  following  table : 

Lamps  should,  of  course,  be  ordered  at  the  "  Top  "  or 
first  voltage  (Vl)  whenever  possible,  so  as  to  secure  the  full 
Hinting  value  and  maximum  efficiency  and  brilliancy.  Fio.  14. 


Table  of  Valoea  at  lat,  Sad 


ard  Voltage*. 


Voltage  of  drouit. 

Per 

cent 

Total 

Watts. 

Per  cent 
of  c.  p. 
Values. 

Eff.ln 

w.  p.  c. 

(mean 

horizontal 

cp.) 

Useful 

Life 

in 

hours. 

Same  as  "  Top"  or  Ist  Voltage  (VI) 
Same  as  "Middle  "  or  2nd  Voltage  (V2) 
Same  as  "  Bottom  "  or  3rd  Voltage  (VB) 

B 

i 

2.6 

2.65 

2.8 

600 

700 

1,000 

Thfl  filament  of  this  lamp  is  a  fine  wire  of  metallio  tantalum.  The  hU^ 
melting  point  and  low  vapor  pressure  of  this  metal  make  it  possible  to 
operate  the  lamps  at  2.0  w.p.c.  with  a  life  comparable  widi  that  of  the 
ordinary  lamp  at  3.1  w.  p.  c.  The  life  on  alternating  current  is  much  shorter 
than  on  direct  current  and  is  a  function  of  the  frequency.  Fig.  15  shows 
free-hand  drawings  of  microscomc  views  of  the  tantalum  filament  as  affected 
by  rise  on  alternating  and  oireot  current.  The  vertical  distribution  of 
intensity  changes  during  the  life  of  the  lamp,  the  horizontal  intensity 
diminishing  more  rapidly  than  the  spherical,  due  chiefly  to  more  rapid 
bulb  blackening  in  the  horizontal  zone.  On  this  account  the  spherical 
reduction  factor  also  changes.  (See  Fig.  16.)  Characteristic  life  curves 
of  tantalum  lamps  manufactured  in  Q«inany  in  about  1904,  are  shown 
Sn  Figs  17  and  1b.  These  tests  were  made  in  the  Electrical  Testing  Lab- 
o'-itories.  (See  Sharp,  Nmff  Types  of  Ineandeacent  Lamp;  Proo.  A.  I.  £.  £• 
IDAS.  p.  800.) 
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Fig.  18.    CunreB  cf  Tantalum  and  Gaibon  Lamps 
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t7SEl». 


Bt  Mortimbr  Nordbn. 

Tha  following  data  have  been  collated  to  show  the  yearly  oonaumption  of 
current -per  16  o.p.  lamp  on  the  circuits  of  a  large  central  station  company, 
giving  the  yearly  average  of  current  used  in  kw.^iours.  The  data  represent 
tan  plants  all  operated  oy  the  one  company : 


V«tala  of 

•b: 


Com 


ip«l4 


ptloB,  fthowiBir  Yearljr  Cob* 
ip  Couiectoil. 


1  Qreen  house 

M  CollegM  and  schools 

127  Chorohee 

8  Parks 

1343  Besidences 

64  Dentists'  and  physicians'  offices 

844  Factories      

8  Signs 

14  Public  halls 

6  Dressmakers 

1  Grain  elevator 

102  Municipal  buildings,  hospitals,  armories  and 

city  halls 

104  Clubs  and  lodge  rooms 

147  Nina  o'clock  stores 

401  SeTen  o'clock  stores 

449  Eight  o'clock  stores 

137  Livery  stables  and  stables 

26  Eleven  o'clock  stores 

287  Office  buildings  and  offices 

10  Theaters 

9  Boad  houses 

46  Banks  and  insurance  companies 

11  Ten  o'clock  stores 

2  Cold  storage  companies         

4 .  B.  B.  terminals  and  docks 

180  Drug,  confectionery  and  cigar  stores  .    .    . 

610  Saloons,  restaurants  and  concert  halls   .    . 

327  Six  o'clock  stores 

22  Wholesale  batchers 

35  Commission  dealers 

8  Twelve  o'clock  stores 

8  Steamship  docks 

6  Hotels 

23  Bailroad  stations 

2  All  night  stores 

4904  onstomert. 


Lights. 

Kw.-hours. 

64 

1.33 

2,863 

5.70 

11,616 

7.75 

416 

9.24 

40,006 

10.73 

1,066 

15.10 

21,936 

15.53 

365 

18.48 

1,781 

18.81 

111 

20.24 

24 

20.75 

14,654 

21.79 

7,391 

24.83 

4,433 

26.35 

17,623 

26.56 

13,228 

27.10 

1,776 

29.56 

624 

30.01 

7,368 

30.65 

10,581 

82.13 

305 

82.70 

8,322 

83.80 

339 

88.34 

158 

40.82 

854 

42.14 

4,370 

42.44 

17,602 

43.62 

23,584 

45.61 

1,012 

46.92 

518 

48.06 

170 

52.44 

2,293 

61.71 

1.099 

65. 

909 

118.96 

410 

218.06 

214.934 

Grand  average      27.28 
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OOOPfllft-^flWUTT  MBlftCUlftT  VAPOR   XAMP. 

CliAnMSterlAttcs* — ^This  lamp  is  an  aro  lamp  rather  than  an  incandescent 
lamp,  the  aro  having  a  mercury  cathode  and  passing  throufldi  vapor  of  mercury 
at  low  vapor  tension.  The  hght  probably  results  from  the  eTectro-lumines- 
oence  of  the  mercury  vapor  and  not  from  any  very  hi|^  temperature  pro- 
duced either  at  the  anode,  the  cathode  or  in  the  aro  stream.  Being  produced 
in  this  way,  the  light  shows  not  a  continuous  si>ectrum  of  all  the  colors, 
but  a  discontinuous  or  line  spectrum  characteristic  of  mercury.  The  per* 
oentage  of  the  electrical  energy  which  is  converted  into  light  is  relatively 
high,  and  the  lamp  is  very  efficient.  It  would  constitute  for  many  purposes 
an  almost  ideal  source  <u  light  were  it  not  for  the  unfortunate  fact  that 
in  the  spectrum  of  mercury  red  is  almost  entirely  lacking.  The  result  is  that 
the  li^t  of  this  lamp  has  a  tint  which  to  moet  peopto  is  very  distasteful, 
namely  a  strongly  greenish  hue.  Red  objects  look  olack  or  purple  in  it, 
and  aU  colors  containing  red  are  falsely  rendered.  When  this  character- 
istic is  not  objectionable  the  Cooper-Hewitt  lamp  may  be  used  to  good 
advantagjB.  It  is  asserted  that  the  light  is  very  favorable  for  the  eyes, 
causing  uttle  fatigue.  It  has  been  used  in  draughting  rooms  to  some  ex* 
tent.  Its  actinic  powers  are  hi^h,  due  to  the  presence  oi  bright  violet  lines 
in  its  speotruiXL  hence  it  Is  a  desirable  source  ci  lii^t  for  night  i^otopaphy, 
for  cop3dng,  blue-printing,  etc. 

PliotoiitetTj. — Thephotometry  of  the  Cooper-Hewitt  lamp  is  attended 
with  considerable  difficulties  due  to  the  large  linear  dimensions  of  the  lamp, 
and  to  the  wide  divergence  cl  the  color  of  its  li^t  from  that  of  other  sources. 

As  a  result  of  its  large  linear  dimensions  it  is  necessary  to  place  the  lamp 
at  a  considerable  distance  from  the  photometer.  For  distances  whi» 
are  small  in  comparison  with  the  length  of  the  lamp,  the  intensity  of  the 
light  does  not  diminish  as  the  square  of  the  distance.  The  difficulties  due 
to  the  color  of  the  lii^t  are  two-xold.  In  the  first  place  photometer  settings 
are  difficult  and  uncertain  to  make  unless  a  flicker  photometer  is  used,  and 
the  personal  equation  of  the  operator  is  a  large  one.  In  the  second  place 
what  is  known  as  the  Purkinie  Phenomenon  plasrs  an  important  part  in  the 
results.  This  is  a  physiological  effect,  according  to  which  if  a  reddish  and 
a  peenish  or  a  bluish  light  appear  equally  bni^ht  when  the  intensity  of 
each  is  hi{^,  the  reddish  a^t  appears  much  fainter  than  thcf  other  when 
the  intensity  is  greatly  diminished.  It  follows  from  this  that  the  apparent 
candle-power  of  the  Cooper-Hewitt  lamp  when  photometered  against  an 
ordinaiy  standard,  such  as  an  incandescent  lamp,  is  higher  the  farther  the 
lamps'  are  removed  from  the  photometer  or  the  dimmer^  the  illumination 
on  the  photometer  disk.  In  order  to  get  even  approzimat^y  accurate 
results  in  the  photometry  of  this  lamp  a  standard   illumination  on  the 

f>hotometer  disk  must  be  chosen  and  adhered  to.  No  sueh  standard  ilium* 
nation  has  as  yet  been  designated  and  established. 

The  following  matter  is  condensed  from  an  article  in  the  Bleetrical  Agt. 

The  Cooper-uewitt  lamp  consists  essentially  of  a  glass  tube,  from  whidi 
all  the  air  has  been  extiausted,  but  whidi  contains  a  small  amount  of  liquid 
mercury  and  is  filled  with  mercury  vapor.  At  the  ends  of  the  tube  are 
means  for  introducing  the  electric  current.  At  the  positive  end  the  tube 
swells  out,  forming  a  chamber,  which  is  called  the  condensing  chamber. 
A  platinum  wire  is  sealed  into  each  end  of  the  lamp.  At  the  positive  end 
the  wire  connects  either  with  a  small  puddle  of  mercury  or  a  piece  of  iron, 
according  to  the  tjriM  of  electrode  used,  and  this  constitutes  the  positive 
dectrode,  or  anode.  At  the  negative  end  the  wire  connects  with  a  small 
puddle  of  mercury  coaitituting  the  negative  electrode,  or  cathode. 

The  lamp  may  be  made  of  such  dimensions  as  to  make  it  suitable  for  a 
direct-cuirent  line  kA  any  assignol  voltage.  Most  lamps  are  designed  to 
run  at  a  pressure  of  about  115  volts.  A  lamp  about  4  feet  in  length  and 
1  inch  in  diameter  would  be  suitable  for  this  voltage  and  would  work  best 
on  a  current  of  about  3  amperes. 

Before  being  started,  the  electrical  resistance  of  a  mercury  vapor  lamp 
is  very  high. 

This  negative  electrode  resistance  to  starting  may  be  almost  totally 
destrojred  in  various  ways.  One  method  consists  simply  in  tilting  the 
lamp  until  the  two  electrodes  are  brought  into  connection  by  a  thin  stream 
of  liquid  meroory  along  the  length  of  the  tube;  then,  upon  tilting  back, 
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an  are  k  started  which  preventa  the  high  cathode  redlstanoe  from  making 
its  appearance,  and  the  lamp  continues  to  operate  until  the  current  is  tumea 
off.  Another  method  of  starting  is  to  send  a  small,  momentary  hi^- 
tension  current  from  an  inductance  coil  through  the  lamp^  which  at  the 
same  tune  is  connected  with  the  low-voltage  mains.  This  high-tension 
current  penetrates  the  high  cathode  resistance,  and  the  current  from  the 
low-voltage  mains  follows,  and  if  this  latter  current  be  great  enough  the 
hi^  cathode  resistance  does  not  again  make  its  appearance  until  the  cur- 
rent is  turned  off;  and  if  it  is  desired  to  relight  the  lamp  the  same  procedure 
hae  to  be  repeated.  To  facilitate  the  starting  of  the  lamp  by  this  method 
the  so-called  "starting  band"  is  employed.  This  is  simply  a  narrow,  thin, 
metallic  band  attached  to  the  outside  surface  of  the  lamp  in  the  nei^boi^ 
hood  of  the  cathode,  and  connected  by  a  wire  to  the  positive  terminal  of 
the  lamp. 

•  In  the  latest  model  of  automatic  lamps  this  operation  is  accomplished 
by  the  use  of  a  '* shifter.*'  This  consists  of  an  evacuated  glass  bulb  con- 
taining mercury  which  is  shifted  by  the  action  of  an  electromagnet  when 
the  circuit  is  closed  and  which  interrupts  the  current.  Thereby  a  high 
potential  is  induced  which  starts  the  lamp. 

A  view  of  this  lamp  is  shown  in  Fi^.  22,  of  the  interior  of  the  auxiliary  box 
in  Fig.  23,  and  a  diagram  of  connections  in  Fig.  26. 


^^^  Fio.  22.     Type  "  P  "  Lamp. 

The  resistance  which  a  mercury  arc  offers  to  the  pasaeige  of  electric 
enrrent  may  be  separated  into  three  distinct  parts:  —  First,  the  resist- 
ance encountered  by  the  current  in  passing  m>m  the  anode  into  the 
vapor ;  second,  the  resistance  of  the  vapor  colimin  itself;  and  third,  the  re- 
sistance encountered  by  the  current  m  passing  from  the  vapor  into  the 
cathode. 

In  the  commercial  lamp  the  potential  drop  over  the  anode  is  about  eight 
volta  and  is  approximatdy  independent  of^the  magnitude  of  the  current 
flowing. and  the  diameter  of  the  tube.  The  anode  resistance,  then,  varies 
inversely  with  the  current.  The  potential  drop  over  the  cathode  is  about 
five  volts  and  is  approximately  independent  of  the  diameter  of  the  tube 
and  of  the  magnitude  of  the  current  flowing,  provided  that  the  current  is 
above  a  certain  minimum  value,  depending  upon  the  inductance  and  re- 
sistance in  series  with  the  lamp.  If  the  current  falls  below  this  minimum 
value,  ^  the  cathode  resistance  immediately  becomes  enormous  and  the 
lamp  is  extinguished.  A  certain  amount  of  inductance  and  resistance  is 
usually  placea  in  series  with  the  lamp,  as  this  has  a  beneficial  effect,  caus- 
ing the  lamp  to  operate  more  steadily. 

In  fixing  the  resistance  of  the  vapor  to  the  passage  of  the  current,  four 
qnantities  predominate,  namely,  the  length  of  the  tube,  the  diameter  of  the 
tube,  the  magnitude  of  the  current,  ana  the  density  of  the  vapor. 

The  results  can  be  roughly  expressed  as  follows:  —  The  resistance  of 
»  lamp  increases  directly  with  its  length;  it  decreases  with 


_  „,  „  increase  of  its 

diameter  and  at  a  greater  rate  when'lthe  current  and  diameter  are  smtdl 
and  the  vapor  density  large;  it  decreases  with  increase  of  the  current  and 
at  »  greater  rate  when  the  ctirrent  and  diameter  are  small  and  the  vapor 
density  \argt\  it  increases  with  increase  of  the  vapor  density  and  almost 
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■a.  24.     WirinsOiasm 
Type  "P"l*mp. 


E^^^ 


._       ...  ._.,.^._.^  laiiin  the  neidibof^ 

hood  of  one  miUJmeter  of  meroury- 

It  baa  been  obHrred  by  Dr.  Hewitt  that  there  is  a  Talue  of  the  Tspor 
deniily  at  nhicb  the  light  aiScieney  of  k  lamp  i*  snateat.  and  lamp*  ai* 
duisned  to  run  at  tliia  density  when  they  are  to  be  opetmted  under  con^ 
mercial  oonditioiig.  In  ordu  In  maintain  the  denaity  at  th*  proper  point 
the  oondenaing  chamber  mentioned  at  the  beKionins  of  this  aniale  ii  on- 
phiyed.  This  chamber  UHUaily,  though  not  neoeaaarily.  Burrouada  th* 
positive  electrode  at  the  upper  end  of  Ihe  lamp.     By  virtiM  of  iU  ue  It 

tha  temperalnre  within  it.  arnpt  in  that  portioD  of  it  which  u  quite  eloe* 
to  the  electrode,  ifl  low,  oompared  with  that  in  the  other  parta  of  the  lamp. 
. 1 .!.!_  .1 .__  !.  i__  i_  .u;j  ,j(ion,  and  the  n*^ 


n  th«n. 


The  effect  ot  tl 


o  keep  the  vapor  denaity 


inaiua  chamber  of  the  proper  d: 
Tkade  that  aorrtepondim-  "-  "- 
with  all  thia.  it  abould  b< 
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by  the  ourrent.  After  oondeofling  in  the  oondenaing  chamber  the  mercury 
UUb  back  into  the  cathode  end,  and  after  a  while  again  takes  its  turn  at 
b^n«  vaporised. 

The  effidency  is  said  to  be  somewhat  hiffher  than  that  of  the  are  lam|>, 
and  much  higher  than  that  of  the  incandescent  light. 


Fio.  26.     Diagram  Illustrating  the  Method  of  Op- 
erating Lamps  in  Series. 
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Fio.  27.  Diagram  illustrating  the  method  of  starting  by  hig^-tension  dia- 
eharge.  To  li^^ht  the  lamp,  the  main  switch,  which  is  mounted  on  a  small 
pantt  board,  is  closed,  and  then  the  lever  handle  on  the  quick-break 
switch  is  pressed  down,  thus  completing  a  circuit  through  the  series 
resistances  and  inductances,  charging  the  coil.  On  releasing  the 
handle  the  quick-break  switch  automaticallv  opens  the  circuit  and 
the  discharge  of  the  coil  passes  throuidh  the  lamp,  breaking  down 
He  reaistanoe  and  establishing  a  path  for  the  main  current. 


BLECTBIC  LIGHTING. 


THH  HBHIVMT  I.AMP. 


Early  in  18S8  Dr.  Waltlier  NemeC  axhibited  in  this  conntry  hn  now 
type  of  incandoHWDt  slectria  lunp.  Ur.  Watingbouse  parchMed  tba 
paUDti  auiJ  planed  at  irork  upon  it  a  staff  of  engineen.  oho  have  devdopad 
iT into  the  pressnt  CDmmerci J  Snrm  in  Hiit  country. 

Theliebl-eniitCinsalBinent  of  the  lamp  ag  developed  by  the  Nemat  L«mp 
Company  of  PittJiburEh.  Ln  termed  a  £loww."  It  i*  made  by  prvoUv 
through  a  die,  a  dou^h  cumpoeed  of  the  oxides  of  the  rare  earths  mixed 
with  a  Buitabie  binding  materiaJ-  The  poreflain-Like  string  thus  fonned 
k  out.  after  drying,  into  oonveaient  lengths.  It  is  then  baked,  and  ter- 
minalB  are  attached^  by  means  of  wbich  a  curront  of  electrioity  may  bepasved 
through  tbe  glower. 

Tba  glower  of  a  standani  220-volt  Nornst  lamp  is  about  I*  lona  by  A* 
m  diameUr.      It  i*  an  oxide    mcapable  of  turtber    oiidatioD,  therefore 


operativa  in  the  opca  u 

insultUon  when  cold,  b 
heated  before  they  wil 

themHlvea  at  a  iigbt-i      ..    „  , 

The  charaiterietic  of  the  gluwer  with  reference  to  voltage  is  as  fallows:  — 
As  the  current  trtVeraing  the  glower  is  increased,  the  voltage  aeioH  iu  ter- 
minalB  rivea,  at  firet  rapidly  ana  then  more  and  more  slowly  to  a  w*»-rimtiwi- 
it  then  drops  oB  with  increasing  rapidity  as  the  current  through  the  glower 
and  tbe  reaulting  temperature  eontmuee  tu  increase.  The  giowtt*  is  opar* 
ated  on  the  ascending^part  of  the  eurve  at  a  point  jiut  iveceding  thi^  of 

of  the  glawer  makee  the  current  difficult  o 

— :- i-  ..^ :.u  ;.      ^his  ballar--- 

I  small  glasi 

vjmperature,  the  property  of 

I   great    rapidity  with    tidng    tempemtorB. 


THE   NEBNBT  LAUP. 


«  UmparMnre 


tea 


Tbe  Datatin  r , 

ba  more  thu  eoaatn-bulni^M  by  U 

■lire  ballut  pUaid  in  BsiM  with  it.       

anea  &i  ths  balUist  inorauaa  100%,  n  that  ■  ilowcr  thiu  protoctsd  at  anoe 
baapPiBa  opentivB  thrnush  a  wida  range  of  vdtaaa. 
The  MDMcueUon  of  a  oonimaraal  lamp  rsquini  a  dsvioe  to  heat  tha 

,  - .  Mlais  tuboi  woooH  with  Sat  platinum  wira 

Ji  [daoa  and  prot«ot«d  frDEO  the  iDteOM  luat  of  tha 

r  JI  eonatTuetad  with  a  out-out  to  dlaoonoaot  tha 

hf  ira  Iran  tha  <dniiit  aa  aoon  aa  the  riowan  light. 

A  noml  idaa<<  tha  ocnatniatlon  i3  the  lamp  aod  of  It 
toaalita'  with  an  nndaratandiiiE  of  its  eleetrloal  eonnaotina 
feoca  a  atudy  <i  TtthS^  29,  and  Sa 


ThBaetlonofaNanutlamp  whan  the  ■witehii  turned  on  ia  aa  fotlowi: 
UJ  Tba  anmit  puaaa  through  the  heater,  bringinf  it  to  ■  while  heat; 
(S)  Ilia  proxinltr  of  the  glown  to  tha  bnter  reeulta  m  the  glowei  becom- 
nf  a  oaDdustor,  throDgfa  wiiicb  the  currant  then  paimm;  when  the  eurreDt 
thnniah  the  ■lowar  has  reaohed  a  predatermioed  ainouat;  (3)  the  cut-out 
eoij  beeoCDea  energiaed  by  virtue  of  the  glower  currant  paanng  thtough  it; 
(4)  tha  annatnie  of  the  eut-ont  whidi  had  hvetotbr*  (ilnMd  tha  IuhIht  rir. 
omt  ia  atlractad;  and  (6)  thla  opena  tha  heater  oir 
^wKa  in  opantiou  until  tha  DSit  time  the  lamp  ii 
the  awlteh  which  oostrola  the  lamp  oirouit  allows  tb 
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ourrsnt  in  the  multiple  ^ower  lamp  than  is  the  case  when  they  are  oi, 
in  the  open  air,  this  dmerenoe  amounting  to  about  16  volta  in  t, 
glower  lamp. 

Photometric   Teats  ef  Varloiu  Illamlnaitts  bj-   VrntiommM 

Electric  JUarlit  Aaaeclatlen. 


Illuminanto. 

Multiple 
D.C.  Arc. 

Multiple 
A.C.  Arc. 

Nemst  6-Glower. 

Globes  and  Shades. 

Opal. 

Inner. 

Clear 

Opal. 
Iimer. 
Clear 

Clear 
Globe. 

Opal. 
oCbe. 

Clear 
H.C. 
OpaL 

Outer. 

Outer. 

Shade. 

E.M.F 

110 

110 

226 

226.5 

226 

Current 

4.9 

6.29 

2.4 

2.4 

2.4 

Watts 

529 

417 

542 

548 

542 

Power  Factor 

1 

.6 

1 

1 

1 

Mean  Spherical  o.p.     .    . 
Mean  Hemispherical  c.p. 

182 

140 

163.9 

168.6 

156.8 

239 

167 

289 

258.6 

264.2 

Watts  per  Spherical  c.p. 
Watts  per  ilemispher.  cp. 

2.90 

3.02 

3.30 

3.22 

3.48 

2.25 

2.53 

1.88 

2.10 

2.05 

Ilium  inants. 

Nemst  1-Glower. 

Globes  and  Shades. 

Clear 
Globe. 

Sand 
Blasted 
Globe. 

Clear 

H.  C. 

Opal. 

Shade. 

Clear 
Globe. 

Sand 
Blasted 
Globe 

E.M.F 

218.8 
1.2 

262 
1 
65.1 

112.6 
4.04 
2.33 

219.5 
1.2 
263 
1 
61.5 
96.9 
4.28 
2.72 

220 

1.2 
264 

1 
68.5 
118.3 

3.86 

2.23 

223.7 

0.4 
89 

1 
21.8 
38.7 

4.11 

2.31 

220.5 

Current 

Watts 

Power  Factor 

Mean  Spherical  cp.      .   . 
Mean  Hemisphencal  cp. 
Watts  per  Spherical  cp. 
Watts  per  Hemispher.  c.p. 

0.4 
88 

1 
20.5 
31.8 

4.3 

2.78 

The  British  unit  of  o.p.  used  in  above. 

The  arc  lamp  figures  were  taken  from  the  Report  of  the  Committee  for 
Investigating  the  Photometric  Values  of  Arc  L^unps,  read  before  the 
National  Electric  Light  Association  in  May,  1900.  The  Nemst  lamp  data 
were  obtMned  from  the  report  of  the  same  committee  which  was  presented 
at  the  Twenty-Sixth  Convention  in  May,  1903. 

nKalntoMAMW.  —  The  frame  and  connections  of  the  Nemst  lamp  fonn 
a  permanent  structure  having  an  indefinite  life,  but  its  perishable  parts 
have  from  time  to  time  to  be  renewed.  Of  these,  the  ballast  has  a  life 
averaging  26,000  hours.  The  heater  has  a  life  averaging  about  8  months 
in  ordinary  use.  The  flower,  however,  like  the  incandescent  lamp  filament, 
has  a  practically  definite  term  of  use  at  the  end  of  which  it  would  be 
advisaue  to  replace  it  whether  burnt  out  or  not.  800  hours  are  given  by  the 
company  as  the  guaranteed  life  on  60  cycles. 

SeliAvlor  cm  Altoraatlnf  and  IMreci  Cnrremt*  —  Unlike 
the  carbon  incandescent  lamp  the  life  of  glowers  is  not  the  same  on 
direct  current  as  on  alternating  current,  and  is  afiPeoted  even  by  the 
frequency  of  the  latter.  The  American  glower  was  constructed  orimnally 
for  use  on  alternating  current  only,  while  in  Europe  direct  current  lamps 
predominated.  The  direct  current  lamp  in  this  country  is  a  oomparativdy 
recent  development  and  its  glower  life  is  shorter  than  that  of  the  ^owsr 
Qfed  with  altemsting  current. 


THE   HOOBE   TACUDM  TUBE    LIOHT. 


■  M**RH  TAOVIIH  XITBH  UOHX. 


The  Moore  Vacuum  Tube  Lishlim 
Ifoon,  hu  been  in  commerdal  ssrvii 
of  s  cu>«  tube  about  H  inob  diamet 
up  to  aOO  feet.    The  tube  ia  attuhsd 


31)  la 

former  (4)  and  repilalina;  device  (fll  calied  sfeeder  v«]ve                  i 
(Mie  Fig.  321.     Ttif^  i»mpLe<«l  (ut>e  b  ochausted  tea                JL 

perlomiB  [he  unporlant  service  of  feediiiK  Ihe  tube  some                  | 

puie  giu  to  take  the  place  of  that  which  19  used  up  by  tha                  1 
punge  of  the  eleclrio  current  through  Ibe  tube.     AU                  1 
!^cm^  tuba  or  hulbe  through  whf^h  current  t»»ea                ^ 

tend  to  attain  a  higher  vacuum  due  (0  solidiBcation  or                JH 

A 

H 

preiBuie,about0.08mm,of  mercury,  at  which  the  coa-                H 

1 

B 

ductivily  H  a  miLiunum  aod  (he  owlest  current  will                H 
(oidv  fSve  blaluated  to  maiuUlo  the  pcnureat  thia                H 

1 

1 

1 

1 

. h  It  do«a  Be  fol 

A  eubon  niag  (B.  Pig.  31)  is  « 
at  tbe  naall  bore  tube  {9)  which 
tub*.  Thla  pliig  (•  Dormally  - 
'    a  <a  wbioh  li  v&ri«d  by  tb« 


1  to  the  licht^ 

levd  <it  oUob  li~v&ri«d  by  t&a  iJaaa  diepluw  (T)  which 
tin  curiei  the  iroa  eore  of  the  ■olenoid  soil  (6)  whioh 
k  ooniMOtwl  in  Mri«a  with  the  transformer  (4).  Aa  the 
iiiiaiiiin  in  th*  lichtia^  tube  (alb  the  oonductivity  and 
tbertfore  the  ourrent  jnor --■■  "■-  -' -^— 


„ _-<  ia  Buppiisd 

(brou^  Ihe  porotn  Barbon  pl._ .... 

Ughtina  tube,  the  aotioD  eoatlnoini  ui 
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normal.  The  device  is  capable  of  very  dose  adjustment.  The  transfoxmet 
18  UBually  simplied  with  altemating  ourrent  at  220  volts  and  raises  the 
voltac(e  to  2000  volts  or  more,  depending  on  the  length  of  tbe  tube. 

The  tube  is  self-starting  and  responds  at  full  brilliancy  instantly  upon 
closing  the  switch. 

The  intensity  may  be  made  anything  desired  from  5  to  50  candle-power 
per  lineal  foot,  the  normal  commercial  brilliancy  being  12  candle-power  per 
foot,  the  radiation  being  uniform  in  all  directions  in  planes  perpendicular 
to  tne  axis  of  the  tube.  The  efficiency  is  said  to  vary  from  1.4  to  2  watts 
per  candle-power  depending  upon  the  length  of  tube,  the  light  intensity, 
etc.,  and  is  not  affected  by  variation  of  supply  voltage.     See  Fig.  33. 

In  practice,  tubes  are  said  to  have  a  life  ot  from  3000  to  5000  hours  and 
then  can  be  renewed  at  small  cost.  The  efficiency  is  said  to  remain  oonstanft 
after  the  first  50  hours'  run. 


t&     10      T6     UW    Itt     IM    us  .MO 

UNOTH  omnc  in  wwar 
FiQ.  33. 


The  color  depends  upon  the  ms  supplied  to  the  feeder  valve.  It  is 
exactly  the  same  shade  of  white  diffujien  aaylioht  when  fed  with  pure  nitio- 
gen|  and  orange-pink  when  fed  with  air. 

The  intrinsic  brilliancy  is  claimed  to  be  the  lowest  of  any  known  iUumi- 
nant  and  therefore  is  extremely  soft  and  agreeable  to  the  eyes  and  does 
not  require  to  be  shaded  or  dififused  to  avoia  glare  but  may  be  reflected  to 
obtain  anv  distribution  desired.  An  intensity  of  0.60  candle-power  per 
square  inch  corresponds  with  12  candle-power  per  lineal  foot. 


Bfidencj  of  Mo«r«  Tube. 

Earlv  in  1907,  Sharp  A  Millar  conducted  a  series  of  tests  on  a  Moore 
tube  that  had  been  installed  in  Assembly  Room.  No.  7,  of  the  United 
Ensdneering  Societies  Building,  and  reported  the  following  results. 

The  tpbe  was  170  feet  long  and  approximately  If  inches  diameter.  It 
was  fed  with  nitrogen  gas,  and  operated  as  a  60-cycle  system. 

Total  watts  consumed  by  tube  sjrstem 3451 

Line  volts 220.8 

Amperes 21.6 

Volt-amperes  (apparent  watts)      4736 

Power  factor 73% 

Total  lumens  produced 17,400 

Efficiency  as  light  producer  —  lumens  per  watt     ....         5.6 

Lumens  per  apparent  watt 8.68 

Watts  per  equivalent  mean  spherical  candle-power  ...         2.40 
Apparent  watts  per  equivalent  mean  sphenoai  camlle- 
Power 8.41 
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TItti  installation  of  Moore  Tube  was  comoared  with  three  installations 
of  inoandescsnt  oarbon  filament  lamps  in  the  same  room;  they  were  as 
follows: 


Installation  No. 

Moore  Tube. 

Installation  No. 

Lamps  under  Tube. 

Installation  No. 

Lunps  in  Rectangles. 

Installation  No. 

Lamps  with  Reflectors 


1. — ^Moore  Tube,  176  feet  long,  running  around  the 
room  close  to  the  cove. 

2. — One  hundred  16-o.p.  lamps  placed  horisontallv 
5  inches  beneath  the  tube,  and  equally  spaced. 

3. — ^Eighty-four  16-candIe-power  lamps  bare,  ar- 
ranged in  equal  rectangles.  15  leet,  4  inches, 
above  the  floor. 

4. — Same  as  No.  3,  except  that  the  lamps  were 
equipped  with  Holophane  distributing  reflec- 
tors No.  7381. 


Kcaidte  of  «lie  GompAnttlTe  Veate. 


Instal- 
lation 
Number. 

Number 

of 
Lamps. 

Mean 

Horison- 
tal  o.p. 

Mean 

Spherical 

c.p. 

Watts  per 

Uorison- 

tol  o.p. 

Watts  per 

Spherical 

o.p. 

Total 
Watte. 

1 
2 
3 

4 

1 

100 

84 

84 

(per  ft.) 

8.1 

13.82 

11.31 

11.11 

(per  ft.) 
7.9 
11.41 
9.33 
9.16 

2.39 
3.48 
4.26 
4.32 

2.48 
4.21 
5.16 
5.23 

3451 
4810 
4040 
4027 

* 

] 

illumination  Values 

Efficiency  Values. 

1^ 

foot  uanaies. 

Lamp. 

Gross. 

Net. 

|2 

Maxi- 
mum. 

Mini, 
mum. 

Mean. 

Vari- 
ation. 

Lumens 

per 
Watt. 

Lumens 
Effective 
per  Watt. 

Lumens 

Effective 

per  Lumen 

Generated. 

1 
2 
3 

4 

4.38 
3.27 
2.10 
2.51 

3.18 
2.28 
1.16 
1.26 

3.69 
2.69 
1.71 
1.97 

16.2% 
18.4 
27.5 
31.7 

5.05 
2.98 
2.44 
2.40 

2.08 
1.08 
0.82 
0.95 

41.2% 
36.2 
33.6 
39.6 

The  above  table  shows  that,  with  regard  to  the  uniformity  of  the  dis- 
tribution of  illumination,  the  Moore  Tube  performance  was  very  good,  but 
that  the  performance  of  the  incandescent  lamps  arranged  beneath  the  tube 
was  praetically  the  same. 

A  disadvantage  from  which  the  Moore  Tube  suffers  is  that  it  flickers  in 
unison  with  the  alternating  current  which  feeds  it.  On  60-cycle  current 
this  flickeriBg  is  not  noticeable,  except  when  the  eve  is  moved  rapidljr  or 
when  an  objeet  is  moved  rapidly  before  the  eye.  It  then  becomes  notice- 
abla,  and  for  certain  work  Is  very  objectionable.  It,  however,  has  the  ffreat 
suivanta#e  of  throwing  a  very  soft  light  of  low  intrinsic  brilliancy,  which 
does  not  need  to  be  diminished  by  diffusing  glasses  in  order  to  make  It 
cntirdy  bearable  for  the  eye.  The  test  shows  that  ite  efficiencv,  while  not 
equalling  that  of  the  tungsten  lamp,  is  about  equal  to  that  of  the  tantalum 
huap,  and  greater  than  that  of  any  other  incandescent  lamp. 
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Rbtisbd  bt  J.  H.  HalXiBBBO,   ConaiUting  Engincet 

Tea  arc  lamp  is  an  electrical  apparatus  in  which  an  deotrie  mo  is  strook 
and  maintainea  between  two  or  more  electrodes,  giving  a  brilliant  illumi- 
Bationt  the  color  and  intensity  of  which  depends  upon  the  0ompa«taoa 
and  diameter  of  the  electrodes,  the  kind  of  current  supplied  and  the  wattt 
consumed. 

Owing  to  the  extremely  high  temperature  of  the  electric  are  (varying 
between  2500  and  4000°  C.)  the  electrodes  must  have  a  high  volatdisatioo 

Eint  in  order  to  obtain  sufficient  life  from  one  set  of  them  to  make  the 
np  practical.  Carbon  has  been  found  to  be  the  most  suitable  material  for 
the  purpose.  A  pair  of  carbon  electrodes  of  proper  diameter  to  maintain  a 
steady  arc  with  a  given  current  strength  and  voltage  drop,  will  ooiuums 
at  the  approximate  rate  of  1 .25  inches  per  hour  in  open  arc  lamps,  and  .16 
inch  per  hour  in  those  of  the  enclosed  type.  If  cross  section  of  the  carbon 
be  too  large,  the  arc  crater  will  cover  a  comparatively  small  part  of  the 
carbon  point.  The  shifting  of  the  arc  moves  the  crater  to  a  cooler  point, 
which  makes  a  considerable  change  in  the  resistance  of  the  apc.  This 
change  is  so  ra|>id  that  the  lamp  mechanism  cannot  compensate  for  it  as 
quickly  as  required,  hence  a  variation  in  the  candle-power  of  the  lamp 
which  makes  the  use  of  carbons  of  large  diameter  impractical.  With  car- 
bons of  too  small  cross  section,  the  candle-power  is  greater,  and  the  arc  is 
very  steady,  but  the  life  of  the  electrodes  is  too  short  for  practical  purposes. 

In  Europe,  the  practice  is  to  use  carbons  of  comparativdy  small  diameter, 
of  extra  length,  or  to  trim  often  in  order  to  secure  perfectly  steady  illami- 
nation  at  maximum  efficiency.  In  the  United  States,  the  practice  has 
been  to  use  carbons  of  larger  diameter,  giving  longer  life  with  one  trim  and 
limiting  the  length  of  the  carbon  to  about  twelve  inches,  thereby  reducing 
the  cost  of  the  carbons  and  labor  required,  but  sacrificing  steadinen  a 
illumination  and  efficiency. 

Developments  have  been  made  in  the  manufacture  of  carbons  for  the 
flaming  arc  for  open  arc  lamps,  which  have  more  than  doubled  their  effi- 
ciency, and  give  four  times  the  efficiency  of  the  enclosed  arc.  Tlie  intro> 
duction  of  arc  lamps  with  electrodes  placed  points  downward  at  an  an^ 
to  each  other  (instead  of  one  above  the  other  as  in  the  old  style  of  lamp) 
makes  it  possible  to  use  carbons  over  twenty-four  inches  long,  if  necessary, 
without  making  the  lamp  impracticably  long. 

The  metallic  oxide  electrode  has  also  been  successfully  developed,  and 
open  arc  lamps  commonly  known  as  "magnetite"  lamps  have  been  put  on 
the  market  and  show  a  marked  increase  in  e&dency  over  that  of  the 
enclosed  arc. 

There  are  seven  governing  factors  to  be  considered  by  the  designer  of  are 
lamps: 

1.  Steadiness  of  the  light. 

2.  Watt  consumption  per  useful  candle-power. 

3.  Maximum  practical  length  of  the  electrodes. 

4.  'Length  of  me  with  one  trim. 

5.  Cost  of  the  electrodes. 

6.  Cost  and  reliability  of  die  lamp. 

7.  Adaptability  of  lamp  to  the  several  ssrstems  of  electrical  diatributioa 
in  general  use. 

ClLAMmMrMCAnEOV  OF  ARC  X.AMPS. 

OpeM  Area,  I^lrect  Cnnwati 

Ordinary  open  arc  lamp  with  carbon  electrodes.  Series  or  multiply 
6  to  10  amperes,  45  to  50  volts  at  terminals  for  constant  current  series; 
60  to  60  volts  at  terminals  for  constant  potential  multiple  or  multiple  series 
operation.  Life  of  carbons,  10  to  14  hours,  approximately  .6  watt  per 
candle-power,  clear  globe. 

"Magnetite"  arc  lamp  with  metallic  oxide  deotrodes  in  series  oaij 
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Bonstan*  of*Treiit,  4  amperes,  75  to  80  volts  at  terminals.    Life  of  eleo* 
trodes,  ICO  toun,  approximately  .3  watt  per  candle-power,  clear  globe. 

"Flaraiuc"  arc  lamp,  carbon  electrodes  with  chemical  core  filling.  Series 
ormulti^'),  8  to  12  amperes,  45  to  50  volts  at  terminals  for  constant  current 
series;  5v  to  00  volts  at  terminals  for  constant  potential  multiple  or  mul- 
tiple ser'jM  operation.  Life  of  carbons,  10  to  Is  hours,  approximately  J32 
watt  por  candle-power  yellow  flame,  approximately  .3  watt  per  oandle- 
powe*,  white  flame,  clear  globe. 

Opem  Arcs,  AUmrwuMmtf  Garreatt 

OrdiDAi^  open  arc  lamp  with  carbon  electrodes  in  multiple  only,  10  to  18 
amperes,  «)  volts  at  terminals  —  minimum  practical  frequency  —  60  cycles. 
Ltfe  of  carbons  7}  to  12  hours,  approximately  .75  watt  per  candle-power, 
dearglobe. 

'*  Flaming"  are  lamp  carbon  electrodes  with  chemical  core  filling.  Series 
or  multiple,  10  to  14  amperes^  40  to  45  volts  at  terminals  for  constant  current 
series;  50  to  60  volts  at  terminals  for  constant  potential  multii>le  or  multiple 
series  operation;  minimum  practical  frequency,  25  cycles.  Life  of  carbons, 
10  to  16  hours,  approximately  .25  watt  per  candle-power,  yellow  flame; 
approximately  .33  watt  per  candle-power,  white  flame  with  clear  globe. 

BMcl«e«d  Awe,  IMrect  C«rr«mtt 

Ordinary  encloeed  arc  lamp  with  carbon  electrodes.  Series  or  multiple, 
3  to  7|  amperes,  75  to  85  volts  at  terminals  for  constant  current  senes; 
100  to  250  volts  at  terminals  for  constant  potential  multii>le  or  multiple 
■eries  operation.  Life  of  carbons,  75  to  150  hours,  approximately  1  watt 
per  candle-power,  clear  globes. 

Endooed  arc  lamp  with  inclined  electrodes %<^  pure  carbon.  Multiple 
Dperation,  8  to  10  amperes.  100  to  120  volts  at  terminals.  Life  of  carbons, 
30  hoiixB,  approximately  .45  watt  x>er  candle-power,  clear  globe. 

■■ciMSid  Area,  AltensAttBC  Carreat  i 

Ordinary  mdosed  arc  lamp  with  carbon  electrodes.  Series  or  multii^e,  4 
to  7}  amperes,  75  to  85  volts  at  terminals  for  constant  current  series;  100  to 
120  volts  at  terminals  for  constant  potential  multiple,  or  multiple  series 
operation;  minimum  practical  frequency,  40  cycles.  Life  of  carbons.  70  to 
100  hours,  approximatel3^  1.33  watts  per  candle-power,  clear  globes. 

Enclosed  are  lamp  with  inclined  electrodes  of  pure  carbon.  Multiple 
operation,  10  amperes,  100  to  120  volts  at  terminals;  minimum  practical 
fraquenffif ,  40  cycles.  Life  of  carbons,  20  to  25  hours,  fl4>pn>ximately  dO  watt 
per  canole-power,  clear  globe. 


OPBIf  ARC  X.AHKP0. 

r«VeaMio«  Xiaaap  requires  for  most  successful  results  high-grade 
carbons,  cored  positive  and  solid  or  cored  n^ative.  Lamps  wiu  either 
shunt  or  differential  carbon  feed-control,  operate  2  in  series  on  100  to  125 
volts,  direct-current  circuits  with  any  current  adjustment  between  6  and 
12  amperes.  The  arc  should  be  set  for  an  average  of  42  volts,  and  sufficient 
resistance  must  be  introduced  in  series  with  each  pair  o(  lamps  to  make  up 
the  difference  between  the  required  lamp  voltage  and  the  voltage  of  the 
supply  circuit.  Attempts  have  been  made  to  operate  from  4  to  10  lamps 
in  senes  on  constant  potential  circuits  of  200  to  600  volts,  but  with  only 
partial  success. 

On  alternating  current  the  low-tension  open-arc  lamp  reauires  a  very 
hisdb  grade  of  carbon  both  cored  and  of  the  same  diameter  ana  length. 

The  following  are  the  best  dimensions  for  the  carbons: 

Yen  amperes.  9)  X  i  inches;  14  to  16  amperes,  9)  X  I  inches  ipving 
about  10  to  12  boon'  life. 

The  alternating  current,  open  arc  lamp  requires  about  30  volts  at  the 
are  with  35  to  40  volts  at  the  terminals.  The  carbon  feed  is  controlled  by 
a  simple  magnet  connected  in  series  with  the  arc.  The  lamp  is,  therefore, 
a  strietly  multiple,  35  to  40-volt  lamp,  and  require  special  means  for  pro- 
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viding  thia  pressare.  For  laroe  installations  a  special  transfonner  raduo- 
ing  to  about  35  volts  is  used.  Where  only  a  few  lamps  are  required  a 
small  (''economy")  single-coil  transfonner  with  taps  for  one,  two,  or  three 
lamps  IS  used. 

Tne  illumination  from  the  open  arc,  alternating  current  lamp  has  never 
been  altogether  satisfactory,  mostly  on  account  of  low  candle-power,  exoe»- 
sive  amount  of  violet  rajrs,  and  noise. 

The  low-tttision,  open  arc  lamp  has  not  been  in  general  use  in  the  United 
States  since  1000,  having  been  superseded  by  that  ojf  the  enclosed  type. 
In  Europe,  however,  this  form  of  lamp  has  been  in  use  nntU  quite  recently, 
as  the  enclosed  arc  was  never  very  generally  adopted  there.  The  flaming 
arc  lamp  is  now,  however,  replacing  many  of  the  other  forms  of  open  are 
lampfs. 

B[lfrli«TeMat«n  I«aiitp  requires  ordinary  grade  carbons,  both  of  which 
may  be  solid,  although  in  some  cases  it  is  of  advantage  to  use  a  cored  ipost- 
tive.  The  usual  carbon  dimensions  are,  for  6  to  7  amperes,  12  X  A  inch 
upper  and  7  X  A  inch  lower;  and  for  9  to  10  amperes,  12  X  ^  inch  upper 
ana  7  X  i  inch  lower.  This  is  a  strictly  constant  current  series  lamp 
operating  any  number  in  series  up  to  the  capacity  of  the  generator.  Coi^ 
stant  current  series  arc  generators  have  been  built  for  single  circuits  of  175 
to  200  lamps,  requiring  as  much  as  10,000  volts.  Later  practice  is  to  build 
generators  for  100  to  150  lamps,  but  bringing  out  leads  for  several  drcuita, 
thus  reducing  the  maximum  potential  of  the  system  and  still  securing  the 
benefits  due  to  the  use  of  fewer  and  larger  generators  of  hii^er  effidenoy. 
The  brush  multi-drcuit  arc  generators,  as  ouilt  by  the  General  Electne 
Company,  represent  the  latest  development  in  large  aro-Ii^^ting  units  for 
direct  current  series  lighting. 

The  high-tension  lamp  has  either  shunt  or  dififerential  carbon  fed  and  is 
built  for  6.8  amperes  wit^  42  to  45  volts  at  the  arc.  usually  rated  at  1200 
nominal  candle-power;  and  for  0.6  amperes  with  45  to  50  volts  at  the  arc, 
rated  at  2000  nominal  candle-power.  The  high-tension  series  open  arc 
lamp,  operating  on  directv-current  arc  generators  was  the  standud  for  street 
lifting  in  the  United  States  until  about  1000,  since  which  time  many  of 
them  have  been  replaced  by  enclosed  arc  lamps. 

Vh«  "  Macerate  *'  Arc  lAmp  is  of  the  hi^-tension,  direct^ourrent, 
open-arc  type  metallic  oxide  electrodes.  It  is  especially  designed  for  outdoor 
lighting,  to  which  it  is  limited  on  account  of  tne  fumes  and  heavy  depoeii 
from  the  electrodes.  The  positive  electrode  is  made  of  pure  copper,  or  trom 
copper  in  combination  with  small  non-conducting  particles.  Another 
form  of  positive  electrode  for  this  lamp  is  made  of  convoluted  strips  of 
laminated  copper  and  iron,  and  is  1  inch  long  by  i  inch  diameter.  Tbe  nega- 
tive electrode  consists  of  a  steel  tube,  tightly  packed  with  a  fine  powoer, 
the  i>rindpal  ingredients  of  which  are:  oxide  of  iron  (magnetite),  oxide  ok 
titanium  and  oxide  of  chromium.  The  steel  tube  serves  as  a  conductor  for 
the  current  to  the  crater  and  is  edso  the  holder  of  the  oxide  powder,  making 
a  binder  unnecessary.  The  oxide  of  iron  gives  conductivity  to  tne  fused 
mixture  when  cold,  the  other  oxides  bdng  conductors  only  when  hot.  The 
titanium  oxide  has  the  property  of  rendering  the  arc  luzmnous.  The  oxide 
of  chromium  prevents  too  rapid  consumption,  thus  giving  long  life  to  the 
electrode. 

Unlike  all  other  arc  lamps  the  maximum  illumination  in  the  "Magpetite** 
lamp  comes  from  the  ne^tive  end  of  the  arc.  The  General  Electne  Oom<- 
pany  have  designed  their  "Magnetite"  lamp  with  the  negative  electrode 
below  the  positive,  while  the  Westinghouse  Electric  A  Manufacturing  Com- 
pany place  the  negative  electrode  above  in  their  metallic  oxide  lamp.  Ad- 
vantages are  claimed  for  both  forms  of  construction.  An  electrode  having 
12  inches  to  bum  will  last  about  150  to  175  hours.  The  positive  electrode, 
of  copper,  although  only  one  inch  long,  is  generally  renewed  but  once  a 
year. 

The  metallic  arc  electrodes,  being  chiefly  composed  of  oxides  at  iron 
titanium  and  chromium,  do  not  bum  away  to  an  invisible  gas.  as  does  a 
oarix>n  stick,  but  are  volatilized  bodily,  and  the  vapors  instantly  condense 
on  leaving  the  arc  to  a  fluffy  reddish  soot.  This  soot  if  allowed  to  come 
in  contact  with  the  reflectors  or  globes  will  smudge  them  badly  in  a  few 
minutes.  It  will  also  condense  and  settle  on  the  electrodes,  hiding  the  light, 
BO  spedal  means  are  introduced  for  carrying  it  off.  Air  currents  are 
caused  to  drculate  past  the  arc,  under  the  reflector  and  within  the  globe 


ABC   IiAMPS   AND   ARC   UGHTINa. 


571 


in  8uoh  a  manner  that  all  soot  deposit  is  carried  up  throun^  a  chimney  in 
the  center  of  the  lamp  and  out  in  the  open  air.  Tne  suooess  of  the  "  Mag- 
netite" lamp  depends  to  a  larse  extent  upon  the  creation  of  air  ourrentg 
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Fza.  34.    A.  Metallic  Are,  with  negative  below.    B.  Candle  flame. 
C.  Metallic  Arc,  with  negative  above. 

within  the  globe,  and  it  has  been  a  great  problem  to  get  sufficient  natural 
circulation  and  to  contrbl  it  with  the  short  chimney  permissible  in  an  arc 
lamp. 


StorOng 


Fig.  85.    General  Electric  Co.'s Magnetite  Arc  Lamp. 


The  ** Magnetite"  lamp  has  a  white  dazzling  arc  of  great  intensity,  but 
rather  small  volume.  The  candle-power  is  greatest  at  10  degrees  to  20 
degrees  below  the  center  line  of  toe  arc.    This  fact  makes  it  especially 
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prineipl*  hu  been  taken  adviintage  of  in  the  flaming  aro _ 
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I  fixed  isrboa  Mparatioo,  wiUi  some  meana  for  feedins  the 
■anwueaiHi  DuuntaiainE  the  am  length  oonotant,  is  all  that  is  required- 

Tba  tarte  arc  flame  having  an  uaa  of  about  1  inohea  aquars.  (umiihea 
75  per  cent  of  the  illunuoation.  This  preat  tongue  of  light  in  foroed  down 
tawvda  the  eenter  of  the  globe,  which  la  preferably  made  of  light  alabaater 
JM,  UlmnioatiDS  it  at  a  Ucb  ioteuaity  and  without  ataadowa.    Tbe  Ulum> 
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{nation  from  the  flaminc  arc  lamp  with  light  alabaster  globe  la  pimetioallsr 
uniform  in  all  directions,  beginning  about  10  de^piees  above  the  noriaontal 
center  line  of  the  arc.  The  downward  illumination  is  slighty  greater,  due 
to  the  li^t  from  the  craters,  but  as  the  flame  throws  the  grsater  part  of  its 
Ugfat  in  toe  horiiontal  direction,  the  practical  result  is  unifonn  illumination 
ofthe  entire  i^obe.  Flaming  arc  lamps  should  be  hung  hi|^,  20  to  00  feet 
above  the  floor  or  street  level,  excepting  for  advertising  purposes  where  they 
may  be  hung  lower.  If  the  lamps  are  placed  fiO  feet  above  the  floor  and  100 
feet  apart,  a  practically  constant  and  uniform  illumination  of  great  intensity 
will  be  the  result. 

THe  Comtant  Potential  I».  C.  FlaaUBgr  Aw9  Kaaip  rMuiras  50 
to  60  volts  at  the  terminals  and  is  adjusted  for  4ovoIts  at  the  arc.  One  lamp 
operates  in  multiple  on  fiO  to  60  volts,  two  lamps  in  series  on  100  to  125 
volts,  four  on  250  volts,  ten  on  600  volts,  twelve  on  600  volts,  and  fifteen  on 
750  volts.  When  more  than  two  lamps  are  to  operate  in  series,  an  external 
automatic  out-out  with  equalising  resistance  must  be  put  in  multiple  with 
each  lamp  to  protect  it  against  excessive  voltage.  The  standard  amperage 
is  10  to  12;  the  positive  carbon  is  10,  and  the  negative  9  mm.  in  diameter. 
A  pair  of  carbons  500  mm.  long  give  12  hours'  me  outdoors  and  13  to  14 
hours  indoon;  the  600  mm.  carbons  give  16  hours  outdoors  and  18  hooiB 
indoon. 


THe  Conataat  Potemtlal  A.  C.  FlaaOMr  Are  Mjmamp  reqoirea 
50  to  60  volts  at  the  terminals  and  is  adjusted  for  38  to  40  volts  at  the  are. 
One  lamp  operates  in  multiple  on  50  to  60  volts,  or  two  in  series  on  100  to  120 
volt  circuits.  When  one  lamp  is  to  opmite  in  multiple  on  100  to  120-volt 
circuit,  a  small  auto-transformer  is  required  to  reduce  the  voltage  to  50  or 
55.  Similar  auto-coils  should  be  used  when  lamps  operate  on  200  to  460- 
volt  systems.  Wh«i  a  laige  number  of  lamps  are  to  be  used  a  regular  thre»- 
wire  system  can  be  installed  with  55  volts  between  each  outside  wire  and 
the  center  wire.  One  large  transformer  reducing  from  the  primary  poten- 
tial to  110  —  55  volt  three-wire  system  —  should  be  installed,  allowing  the 
flaming  arc  lamp  to  operate  in  multiple  on  55  volts  without  loss  and  extra 
expense  for  separate  auto-transformers  or  other  compensators.  The  flam- 
ing arc  lamp  will  operate  successfully  on  any  frequency  from  25  to  140 
cycles.  Below  40  cycles,  lamps  should  always  be  operated  in  multiple  on 
55  volts.  The  standard  current  adjustment  is  12  amperes.  Tlie  carbons 
are  both  0  mm.  in  diameter.  The  500  mm.  carbon  gives  10  to  11  boon 
outdoors  and  11  to  12  houra  indoora.  Carbons  600  mm.  long  give  13  to  16 
hours  outdoors  and  14  to  16  hours  indoors.  The  alternating  current  lamp 
is  practically  noiseless  and  gives  a  very  steady  illumination.  The  efl&cieney 
of  the  alternating  current  flaming  arc  lamp  on  constant  potential  is  about 
80  per  cent  and  the  power  factor  about  00  per  cent.  The  effieienoy  and 
quality  of  the  illumination  compares  favorably  with  that  of  the  direct  current 
lamp,  which  is  an  important  pomt  in  favor  of  the  flaming  arc  lamp  for  alter- 
nating current  oirouits. 

The  Constant D. C  Aorloa  Flansing-  Arc Iiamnraquires 45  volts 
at  its  terminals  and  is  adjusted  for  43  volts  at  the  arc.  TThe  lamp  is  iden- 
tical in  construction  with  the  direct  current  constant  potential  uunp,  but 
requires  no  resistance  in  series  with  the  aro.  An  automatic  cut-out  is  used 
with  each  lamp  to  shunt  the  current  in  case  the  carbons  should  st|ck  or  be 
prematurely  consumed.  The  lamp  can  be  operated  in  series  on  the  regular 
9.6  ampere  aro  dsmamos  used  for  the  ordinary  hi^tension  open  arc  lamps. 
The  meroury  aro  rectifiers  with  constant  current  transformers  can  also  oe 
used  to  supply  current  for  the  direct  current  flaming  aro  lamp.  As  a  matter 
of  fact,  it  masr  be  operated  in  series  with  the  old  style,  high-tension,  open  aro 
lamp.  The  sise  and  life  ct  the  carbons  is  the  same  as  for  the  direct  current 
constant  potential  lamp. 

The  Conatnnt  A.  C  0ovi«a  Flnnilngr  An  Iinnsp  requires  40 
volts  at  the  terminals  and  is  adjusted  for  38  volts  at  the  are.  The  constant 
current  lamp  is  practically  the  same  as  that  for  constant  potential,  but  b 
provided  with  an  automatic  cut-out  to  shunt  the  currant.  The  lamp  oper- 
ates with  10  to  12  amperes  in  series  on  constant  current  circuits  controlled 
bv  constant  current  transformers  or  automatic  reactive  coils.  As  present 
alternating  current  series  cirouits  for  street  lighting  carry  only  4  to  tjk 
amperes,  it  is  necessary  to  install  with  each  lamp  on  such  circuits  a  small 
series  transformer  or  series  auto-coil  which  will  deliver  from  its  seoonduy 
10  to  12  amperes  at  40  volts  to  the  lamp.    In  conjunction  with  series  Tung- 
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sten  lamps,  operating  on  the  same  eireuit,  the  entire  street  lighting  field 
can  be  covered,  fumisning  both  large  and  small  units  from  the  same  wires. 
The  sise  and  life  of  the  carbon  is  the  same  as  for  the  constant  potential 
alternating  current  lamp. 

The  500  to  600  watt  direct  current  flaming  arc  lamp,  with  yellow  flame 
carbons,  gives  approximately  2700  mean  spherical  candle-power;  white 
flame  carbons  give  about  2000  candle-power. 

The  candle-power  of  the  alternating  current  flaming  arc  lamp  is  about 
10  per  cent  less  than  that  given  for  the  direct  current  lamp  of  the  same 
watt  consumption. 

••swckllfrht  ProjActon  and  focusing  lamps  for  theatrical  use  and 
for  photo-engraving,  etc.,  take  large  and  varied  guantiUes  of  current,  as 
they  are  always  connected  across  the  terminals  of  constant  potential  cir- 
cuits, with  a  regulating  resistance  in  series  with  the  lamp.  The  General 
Electric  Company  state  in  one  of  their  bulletins  the  following  as  being  the 
approadmate  currents  taken  by  the  different  sises  of  searchlights: 

DXAM.  OF  PitoJBcroB.  Ampkbbs. 

12  inch 
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It  has  been  found  that  by  enclosing  the  arc  in  a  small  globe,  more  or  l  „ 
approaching  air-tight  conditions,  combustion  of  the  carbons  is  practically 
complete,  leaving  no  dust,  and  takes  place  at  a  slow  rate,  burning  with  a 
12  X  ^inch  carbon  75  to  100  hours  without  attention.  The  enclosed  arc 
cannot  be  properly  maintained  below  65  volts,  and  70  to  75  volts  is  the  usual 
are  potential  for  alternating  current  lamps,  and  75  to  85  for  the  direct 
current  lamp.  The  minimum  current  is  3  and  the  maximum  for  enclosed 
arcs  is  7)  amperes. 

The  long  arc,  low  amperage  and  enclosing  globe  all  tend  to  lower  the 
illuminating  efficiency  of  the  enclosed  arc  lamp,  but  notwithstanding  this 
it  has  superseded  most  of  the  open  arc  lamps  for  general  illumination.  The 
long  life  of  the  carbon  has  greatly  reduced  the  cost  of  trimming  and  the 
cost  of  carbon  renewals.  It  permits  the  use  of  very  simple  mechanism, 
actuating  a  clutch  which  operates  directly  on  the  carbon.  Enclosed  arc 
lamps  are  made  for  all  commercial  circuits. 

€:mmmtmmt  P^teatial  ]».  C.  Bacloeed  Arc  lABsp  requires  100  to 
250  volts  at  the  terminals  with  75  to  160  volts  at  the  arc.  The  minimum 
ampera^  is  2i  and  the  maximum  is  6.  The  2i  to  4-ampere  lamps  use 
fk  to  j-inch  carbons.  The  6  to  ^-ampere  lamps  use  A  to  innch  carbons, 
12  inches  long,  giving  75  to  150  hours  life.  Each  lamp  is  fitted  with  a 
resistance  coil,  and  is  a  complete  unit  for  multiple  connection  on  100  to 
125  volte  with  76  to  85  volts  at  the  arc,  or  on  200  to  250  volts  with  140  to 
160  volts  at  the  arc.  The  constant  potential  lamp  is  controlled  by  a  series 
magnet.  If  the  lamp  is  provided  with  differential  clutch  controlling  mag- 
net, automatic  cut-out  and  ejiualising  resistance,  it  can  be  connected  in 
series  on  constant  potential  circuits,  as  follows:  2  on  220  volts,  5  on  500 
volts,  and  6  on  600  volts. 

C«MatiaBt  JP«t«Btl«l  A.  C.  Bncloe«d  Arc  J«amp  requires  100 
to  125  volts  at  the  terminals,  and  is  adjusted  for  70  to  80  volts  at  the  arc. 
The  amperage  mav  be  anywhere  between  4  and  7^.  The  alternating  current 
constant  potential  lamp  is  not  operated  in  series.  The  power  factor  of  the 
lamp  is  about  70  per  cent.  The  minimum  frequency  ^ving  satisfactory 
illumination,  is  50  cycles;  and  the  maximum  frequency,  in  general  use,  for 
which  this  style  of  lamp  is  built,  is  140  cycles.  The  carbons  are  usually 
10  inches  long  X  I  to  s  inch  in  diameter  and  give  from  65  to  100  hours* 
life. 

When  alternating  current  constant  potential  lamps  are  to  operate  on 
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▼oltaceB  above  125,  an  autotraiuformer  or  other  converter  for  redudnc 
the  voltage  should  be  used.  A  reactive  coil  is  also  put  in  the  top  of  the 
alternating  current  lamp. 

CoaateBt  ]».  C.  S«rt«a  Bncloe«d  Are  J«amp  requires  75  to  80  volte 
at  the  terminals.  The  arc  is  set  for  73  to  78  volts.  The  amperage  is  between 
5  and  7.  depending  upon  the  candle-power  desired.  The  lamp  has  differen- 
tial feed  and  is  provided  with  automatic  out-out  to  shunt  the  current,  if  the 
carbon  sticks  or  is  consumed.  The  lamps  operate  in  series  on  any  constant 
current  source  of  supply.  The  carbon  is  12  X  i  inch  and  lasts  about  100 
hours. 

CoMataat  A.  C.  A«rl««i  Bn«loe«d  Ajpc  lAmp  requires  76  to  80 
volts  at  the  terminals.  The  arc  is  set  for  72  to  77  volts.  The  minimum 
amperage  is  4  and  the  maximum  is  7^.  The  feed  control  may  be  either 
shunt  or  differential.  The  carbon  is  10  X  i  inch  and  lasts  75  to  100  houn. 
EUbch  lamp  has  an  automatic  cut-out.  The  lamps  operate  in  series  on  con- 
stant current  circuits,  usually  controlled  by  constant  ciirrent  tnuisformera 
or  automatic  reactive  coils.  The  efficiency  of  a  complete  ^stem,  including 
transformer  and  lamps,  is  about  85  per  cent,  and  the  power  factor  is  between 
70  and  80  per  cent  at  full  load.  The  system  operates  on  any  frequency 
from  50  to  140  cycles. 

Methods  of  ]Kor*lAtio>>  *>>  ^*«  lABips  may  be  olassified  ae 
follows: 

Carbons  lifted  or  separated  by  direct  or  main  magnet;  shunt  magnet 
acting  on  a  variable  resistance  to  out  out  the  main  magnet  in  feeding. 

Carbons  lifted  bv  main  magnet  as  before,  and  shunt  acting  to  put  the 
main  magnet  (made  movable)  into  position  for  feeding. 

Carbons  separated  by  main  magnet  armature;  shunt  circuiting  magnet 
acting  to  div^'  or  shunt  the  magnetism  of  the  main  magnet  f rom Its  arma- 
ture. 

Carbons  separated  by  main  magnet  and  shunt  acting  to  free  the  carbon- 
holder,  independently  of  the  support  given  by  the  main  magnet. 

Carbons  separated  by  a  spring  allowed  to  act  by  the  main  magnet  lifting 
a  weight  which  otherwise  holds  the  spring  from  acting;  shunt  magnet  acts 
against  the  spring,  to  feed  and  regulate  the  length  of  arc. 

One  carbon,  generally  the  lower,  separated  by  main  magnet,  while  the 
other  holder  is  released  for  feeding  only,  such  feeding  being  under  the  con- 
trol either  of  a  differential  System  or  a  shunt  magnet  only. 

Carbons  separated  by  main  magnet,  which  lifts  the  shunt  and  its  arma- 
ture toother,  while  the  shunt  magnet  armature,  acting  on  the  feeding 
mechanism,  controls  the  arc  and  feed  of  the  carbons. 

Carbon  feeding  mechanism  independently  attached  to  main  magnet  amut- 
ture  and  to  shunt  armature  so  as  to  receive  opposite  movements  of  separa- 
tion, and  feed  from  each  respectively. 

Carbons  separated  by  a  feieding  mechanism  moved  by  the  miun  magnet, 
and  fed  by  a  further  movement  of  said  mechanism,  causing  release  or  re- 
turn of  same  under  the  accumulated  force  of  both  shunt  and  main  magnets, 
acting  in  the  same  direction. 

Differential  clock  gear  for  separation  and  feed  of  carbons  under  control 
of  the  regulating  magnet  system,  either  simple  or  differential.  Some  of  the 
older  clock-work  lamps  emcKxlted  this  principle. 

Carbons  controlled  by  annature  of  a  small  electric  motor  under  control  of 
a  differential  field  which  turns  the  armature  in  one  direction  for  separating 
and  in  the  other  or  reversed  direction  for  feeding  the  carbons. 

Carbons  controlled  by  a  motor  runnins  at  a  certain  speed  when  the  arc  is 
of  normal  length,  and  varjring  in  speed  wnen  the  arc  is  too  short  or  too  long, 
combined  with  a  centrifugal  governor  on  the  shaft  of  the  motor,  acting  on 
variations  of  speed  to  gear  motor  shaft  to  screw  carbons  together  or  apart, 
as  needed  to  maintain  the  normal  arc.  This  mechanism  has  been  appliea 
to  large  arc  lamps,  such  as  naval  searchlights,  and  has  the  advantage  of 
great  positivenees,  and  an  ability  to  handle  heavy  mechanism. 
There  are  also  a  considerable  number  of  modifications  of  these  principles. 
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¥••<•  for  Arc  UffHt  Cari»OM«, 

Fvr  Open  Arct. 

The  gatisftetorr  working  of  arc  lamps  is  largely  dependent  npon  the 
quality  of  the  earDons  used.  If  carbons  are  made  of  impure  materials,  they 
will  jump  and  flame  badly.  If  not  baked  properly,  they  may  cause  annoy* 
anoe  by  ezoessiTe  hissing  or  flaming,  or  become  too  hot  because  of  high 
resistance.  If  the  material  of  which  they  are  made  has  not  been  properly 
prepared  in  its  preliminary  stages,  the  carbons  will  have  either  too  short  a 
life,  through  siTing  a  gooa  quantity  and  quality  of  light,  or  will  have  good 
life,  but  will  Dum  with  an  excessiye  amount  ox  violet  rays,  hence  with  poor 
illumination. 

For  indoor  use  a  free-bumlnff.  uncoated  carbon  of  medium  life  should 
be  used,  so  as  togive  a  sood  quality  and  quantity  of  light,  if  longer  life  is 
desired  they  -    •■-  -■  ■-'  - 

Ing  with  the 

carbons,  and 

increasing  the  life  from  an  hour  to  an  hour  and  a  half.) 

For  out-door  use  a  more  refractory  burning  carbon  may  be  used  to  adyan- 
tage,  giving  a  longer  life,  as  the  quality  of  the  light  is  not  so  important. 
Copper-coated  carbons  are  also  usually  employed,  and  may  have  about  four 
pounds  ot  copper  per  thousand  for  f^'*  z  ITfl  carbons,  and  flye  pounds  for 
^'  X  \2f'.    Other  sizes  in  proportion. 

All  plain  molded  carbons,  and  most  of  the  foreed  carbons,  deposit  dust 
when  Dumed  in  the  open  arc.  Those  depositing  the  most  dust  give  out  the 
most  light,  but  haye  the  least  life.  Those  depositing  the  least  oust  usually 
haye  the  lonsest  life,  but  the  light  is  of  inferior  quality  on  account  of  the 
increase  in  the  proportion  of  yiolet  rays. 

The  quality  of  any  carbon  may  be  very  quickly  tested  in  any  station  by 
using  the  following  method,  which  has  oeen  largely  employed  by  carbon 
manufacturers. 


allowing  them  to  bum  to  good  points  and  the  lamps  to  become  thoroughly 
heated;  then  connect  a  voltmeter  across  the  lamp  terminals,  and  very 
slowly  and  steadily  depress  the  upper  carbon  until  the  lamp  hisses,  when 
the  voltage  will  make  a  sudden  drop.  This  is  called  the  HIselmgr-PolBt, 
and  varies  according  to  the  temper  of  the  carbon.  It  should  be  between  40 
and  46  volts — preferably  42  voita.  Then  lengthen  the  arc  somewhat,  and 
allow  it  to  become  longer  by  the  burning  away  of  the  carbons.  Presently 
the  arc  will  make  smau  Jumps  or  sputters  out  of  the  crater  in  the  upper 
carbon.  This  is  the  J'nmplBir^PoiBt,  and  should  be  not  less  than  58  or 
00  volts.  lietthe  arc  still  Increase  in  length,  carefully  watchingthe  volt- 
age, and  in  most  carbons  there  will  soon  be  a  decided  flaming.  This  is  the 
jPlaBslnr-PolBt.  This  should  not  be  less  than  62  to  65  volts.  Very  im- 
pure earbons  will  commence  to  Jump  and  flame  almost  as  soon  as  the  volt- 
age is  raised  above  the  hissing-point,  and  even  the  hissing-point  In  such 
cases  is  very  irregular  and  difficult  to  flnd.  The  Hanae  is  important  as 
being  a  practical  test  of  the  purity  of  the  material  used  in  the  manufacture 
of  the  carbon,  an  increase  of  a  quarter  of  one  per  cent  of  impurity  making 
a  very  decided  reduction  in  the  extent  of  the  Range.  The  hissing-point 
should  be  4  or  5  volts  below  the  normal  adjustment  of  the  lamp  to  insure 
steady  burning. 

Realaf  ■€•« — The  resistance  is  measured  on  an  ordinary  Wheatstone 
bridge.  Care  must  be  taken  that  the  contact  points  go  .slightly  into  the 
carbon.  A  {/'  x'i2f'  plain  carbon  should  have  a  resistance  of  between  .16 
and  .22  ohms,  and  i^'x  W*  between  .14  and  .18  ohms,  ^m"  x  12^'  carbons  coated 
with  tluee  pounds  of  copper  per  thousand,  have  a  resistance  between  XXS  and 
.06  ohms,  and  }f'  x  "iSf*  with  four  pounds  of  copper  between  SA  and  .06  ohms. 

Iiife.  —  The  life  of  a  carbon  is  most  easily  tested  by  consuming  it 
entirely  in  the  lamp,  observing,  of  course,  the  current  and  average  voltage 
during  the  entire  time.  A  very  quick  and  accurate  comparative  test  of  dif- 
ferent carbons  can  be  made,  however,  by  burning  the  carbons  to  sood  points, 
then  weighing  them,  and  let  them  burn  one  hour,  then  weigh  them  again. 
The  amount  Dumed  bv  both  upper  and  lower  carbons  shows  the  ratt  of 
consumption  which  wifl  aocurately  indicate  the  comparative  merits  of  the 
earbons  tested  as  to  life. 
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To  ealoulate  the  life  from  a  burning  test  of  one  hour,  both  carbons  should 
be  first  weighed,  the  upper  carbon  broken  off  to  a  7-ineh  length,  in  order  to 
make  the  test  at  the  average  point  of  burning,  and  with  the  lower  carbon, 
burned  to  good  points,  weighed  again,  and  after  burning  one  hour  in  a 
lamp  that  has  already  been  warmed  up,  taken  out  and  weighed.  The 
amount  of  two  carbons  12  inches  long  consumed  in  a  complete  life-test  is  63 
per  cent  of  the  combined  tureii^t  of  both  upper  and  lower  carbons.  There- 
lore  63  per  cent  of  the  weisht  of  the  two  carbons,  divided  by  the  rate  per 
hour  obtained  as  above,  will  give  the  life  approximately. 

Diiat.  —  The  dust  from  burning  carbons  can  be  collected  in  the  globe,  or 
better,  in  a  paper  bag  suspendea  below  the  lamp.  In  an  ordinary  plain 
molded  carbon  this  dust  amounts  to  4  per  cent  of  the  weight  of  the  upper 
carbon.  A  variation  below  this  amount  will  indicate  good  life,  but  inferior 
light.  An  excessive  amount  dT  dust  would  show  a  short  life,  but  usually  a 
good  quantity  and  quaUty  of  li|^t.  Coating  a  carbon  with  copper  eliminates 
this  deposit  <»  dust  entirely. 


Oarbons  for  enclosed  arcs  can  be  very  conveniently  tested  as  to  tiieir  rel* 
ative  values  in  an  open  arc  lamp  as  described  above.  As  their  diameters 
regulate  the  admission  of  air  to  the  inclosing  ^obe,  thus  greatly  affecting 
their  life,  they  should  be  carefulhr  measurea  with  micrometer  calipers.  A 
greater  variation  than  .005  inch  from  the  required  diameter  should  not  be 
permitted.  The  deposit  on  the  inside  of  the  inclosing^  globe  is  caused  b^ 
impurities,  prindpally  in  the  core.  The  relative  injurious  amount  of  this 
deposit  can  oe  measured  by  carefully  taking  the  ^obes  off  the  lamps  after 
burning,  and  measuring  the  amount  of  light  absorbed  by  them  with  an 
ordinary  photometer,  using  an  incandescent  lamp  as  a  source  of  light,  and 
cutting  the  light  down  by  means  of  a  hole  in  a  screen  so  that  it  will  pass 
through  the  part  of  the  globe  to  be  measured.  Twice  the  light  so  measured 
through  the  globe,  divided  by  the  amount  coming  through  the  unobstructed 
hole,  will  give  the  per  cent  of  the  lij^t  transmitted  through  the  dobe  from 
the  arc.  That  carbon  whose  globe  absorbs  ^e  least  amount  of  ught  is,  of 
course,  the  most  desirable. 

The  resistance  of  forced  carbons,  whether  cored  or  solid,  used  in  inclosed 
arc  lamps,  is  very  important.  OeLrbons  <^  hii^  resistance  are  difficult  to 
volatilise,  and  hence  there  is  trouble  in  establishing  the  arc  where  small 
currents  are  used,  and  in  case  ctf  any  interruption  in  reestablishing  it  after- 
wards. This  is  especially  true  of  carbons  used  in  alternating  arcs,  and  of 
cored  oarbons.  The  resistance  of  forced  carbons  is  usually  much  hi^er 
than  that  of  molded,  ranging  from  two  to  four  times  as  much.  This  will 
undoubtedly  be  correctea  when  the  manufacturers  become  more  familiar 
with  the  requirements.  The  lower  the  resistance  the  better  the  quality  at 
the  light  and  the  operation  of  the  lamp. 


Aisca  of  Garbom  for  Arc  Xiaaspa. 

Open  Arcs. 

Ck>ntinuous  Current. 

Upper. 

Lower. 

6.8  amperes 
9.6       •• 
9.6       " 
9.6  amperes* 
9.6       ^' 

12  in.  X  A  in. 
12  "  X  i  " 
12  "   X    1   " 

12  in.  X  A  hi.  X  }  in. 

11*  "  X  i  "  X  1    " 

7  in.  X  A  in. 
7  ••  X  1  " 
7  ••   X    1   •• 

61  in.XAui.X  iin. 

7t  "  X  ♦  "  XI    •• 

Alternating  Current. 

15  amperes 

9i  in.  X    1  in.         |        9i  in.  X    1  in. 

Enclosed  Arcs. 


5  amperes 
3  amperes 


Continuous  Current. 


12  in.  X 
12 


n.  X  i  in. 


5i  in.  X  i 

"  xl 


6 


*« 


*  These  are  elliptical  in  cross  section,  for  higher  candle-power  and  tongtr 
burning. 
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C«HM»wi  ]KecoB»i«nd«d  for  Aearckllcht  ProJec<a 

(Goltunbia  or  Hardtmuth  or  Schmeltser.) 


ffiae  of  Lamp. 

PomtiTO.    Gored. 

*  Negative.     Cored  or 
Solid. 

9  inch 

6i  in.  X    i  in. 

3i 

in.  X     A  in. 

13 

•• 

6     "XI" 

4i 

"    X      4  " 

18 

M 

84  "    X    il" 

6 

"X      1  " 

24 

M 

12     "XI      " 

7 

"X      *  " 

30 

«• 

12    -    Xli   •• 

7 

"X      1  " 

36 

«• 

12    "   X  li   " 

7 

"XI       " 

48 

M 

16     •*    XIH" 

12 

"    XI  A" 

60 

il 

16     "    X2     •• 

12 

'•    X  1  1   " 

Gontinnons  Current. 

AmperoB. 

Posltlye.    Cored. 

Negative.     Solid. 

6  to  10 
10   *•    18 
18    "    20 
26    **    90 

6  in.  X  A  In. 
6  "   X    I  " 
6  "   X    I  " 
6  "   X    1  " 

6  in.  X  A  in. 
6  ••  X       '• 
6  "   X       •• 
6  "   X    !  " 

Alternating  Current. 

6   to   10 
10    "    18 
18    ••    20 
25    "    30 

61n.  X  A  in. 
6  "   X       " 
6  "   X        " 
6  "   X       " 

Same  a«  for  PoBitiye. 

Can«ll«-pow«r  of  Arc  Xiaaips. 

The  candle-power  of  an  are  lamp  is  one  of  the  moet  tronbloBome  things  to 
determine  in  all  electrical  engineering ;  the  variations  being  great  the  arc 
ansteady,  and  the  implements  for  use  In  such  determination  beinff  so  liable 
to  error.  Again,  what  is  the  candle-power  of  an  arc  lamp,  or  ratner,  what 
i»  the  meaning  of  the  term? 

When  the  lamp  was  first  put  forward,  for  some  reason,  now  in  great  ob- 
seoritT,  the  regular  9.6  ampere  lamp  was  called  2000  candle-power,  and  It 
has  always  since  been  so  called,  although  the  word  *'  nominal "  has  been 
ta'sked  on  to  the  candle-power  to  indicate  that  It  is  a  rating,  and  not  an 
actual  measurement. 

The  candle-power  of  the  arc  varies  with  the  angle  to  the  horizon  on  which 
the  measurement  is  m&de ;  In  continuous  current  arcs  the  maximum  can- 
dle-power is  at  a  point  about  46  degrees  below  the  horizontal  if  the  upper 
carbon  la  the  positive,  and  of  course  above  the  horizontal  if  the  negative 
carbon  is  above. 

In  alternating  current  lamps  there  are  two  points  of  maximum  light,  one 
about  60  degrees  above  the  horizontal,  and  the  other  about  the  same  an^e 
below  the  line,  and  the  mean  horizontal  intensity  also  bears  a  greater  ratio 


580 


ELECTRIC   LIQHTINO. 


to  the  mean  spherical  intensity  than  in  the  direct  current  are.  In  the 
alternatine  current  arc  much  of  the  light  is  above  the  horiiontal  plane, 
and  it  is  necessary  to  arrange  a  reflector  above  the  arc  to  throw  that  portion 
Of  the  hffxt  downward. 


IHeaii  Mplierical  Candle-power  Is  the  mean  of  the  candle-power 
measured  all  over  the  surface  of  a  sphere  of  which  the  arc  Is  the  center, 
usually  about  one-third  of  the  maximum  candle-power.  In  practice  the 
spherical  candle-power  is  seldom  fully  determined,  out  a  fair  approximatlen 
may  be  had  by  the  following  formula : 


Let 


Then 


8  =  mean  spherical  candle-power, 

ir=  horixontal  candle-power, 

Jf  =  candle-power  at  the  maximum. 


In  a  test  of  arc  lamps  in  November,  1889.  for  the  New  York  City  Bureau 
of  Gas,  Captain  John  Millis  found  the  following  results  in  his  trial  of  the 
Thomson-Houston  lamps. 

The  same  lamp  was  used,  but  connected  to  the  different  street  circuits,  aU 
measurements  were  made  at  40  degrees  below  the  horizontal,  and  ^ineh 
copper-plated  carbons  were  used. 

Ten  readings  were  taken  on  each  of  four  sides  of  the  lamp  when  eoA- 
nected  to  each  circuit,  with  the  following  results  : 


Circuit  No.  1. 

"       "    2. 

"       "    8. 
i«       *«    ^ 

"        "    5. 

Means 


Cakdle-poweb. 
2072.7 
1961.0 
2048JS 
2000.2 
2067.0 
2033.9 


Watts. 
482.88 
485.10 
483.22 
494.40 
495.36 
490.19 


Mean  current,  amperes 10.36 

Mean  volts 47.32 

The  results  of  tests  of  candle-power  of  arc  lamps  at  the  Antwerp  Exposi- 
tion, shown  in  the  table  below,  would  tend  to  verify  the  above  trials. 


Maxi- 
mum 
C.P. 

Upper 

Lower 

Am- 
peres. 

Volts. 

Horizon- 
tal C.P. 

Hemi- 
sphere 

Hemi- 
sphere. 

Mean 
C.P. 

Watts. 

Mean  C  P. 

Mean  C.P. 

4 

37.2 

390 

74 

17 

119 

136 

157 

6 

46.2 

1090 

168 

63 

298 

361 

259 

6.8 

46 

1240 

240 

65 

320 

385 

SIS 

8 

46 

1560 

334 

70 

366 

454 

360 

10 

46.5 

2070 

421 

102 

640 

750 

481 

Iif^ht  Bflciencj.  —  The  light  efficiency  of  an  arc  lamp  is 
the  ratio  of  its  mean  spherical  candle-power  to  the  watta  consumed  between 
the  lamp  terminals.  Some  energy  is  used  up  in  the  lamp-controlling  nie<^an- 
ism.  in  the  carbons  themselves,  and  the  remainder  is  used  on  the  arc.  Are 
lamp  efficiency  ia  sometimes  described  as  the  ratio  of  the  watts  used  in  the 
are  to  the  watts  used  between  the  lamp  terminals.  This  is  true  of  the  lamp 
as  a  machine;  but  the  first  statement  is  the  correct  one,  as  it  is  li|{ht  that  is 
turned  out,  and  not  vratts  consumed  in  the  arc  that  is  the  object  of  the 
lamp,  and  the  two  depend  so  much  on  quality  and  adjustment  of  oarbons. 
even  with  the  same  consumption  o(  current,  as  to  make  the  latter  method 
erroneous. 
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Kest  mmA  TeatpenitHre  I^ereloped  bj  tlie  Klectrtc 


Th«  temperature  of  the  crater,  or  li^t-emitting  surface  of  the  arc.  is  the 
same  as  the  point  of  volatilisation  of  carbon,  and  therefore  constant  under 
constant  atmospheric  pressure.  This  temperature  is  variously  stated  by 
different  investigators:  Dewar  gives  it  as  6000^  C;  Roeetti,  the  positive  as 
3200^  C,  and  the  negative  2500*'  C. 

The  carbon  in  the  crater  is  in  a  plastic  condition  during  burning;  and  with 
the  same  adjustment  of  carbons,  as  to  length  of  arc,  the  light  per  unit  of 
power  increases  with  the  current. 

Hissing,  flaming,  and  rotating  of  the  arc  are  some  of  the  defects.  Hissing 
is  due  to  a  short  arc,  and  was  a  constant  accompaniment  of  the  low  poten- 
liaL  hi^  current  arc  so  prevalent  during  the  earlier  days  of  arc  limiting. 

Flaming  and  rotating  in  open  arc  lamps  are  due  to  long  arcs  and  to  unpure 
carbons,  or  carbons  not  properly  baked. 

With  good  carbons  the  length  of  arc,  or  distance  between  carbon  tips 
for  open  arcs  direct  current,  continuous  current  lamps,  should  be,  for  6.8 
ampere  lamp,  A  inch;  and  for  0.6  or  10  ampere  lamps,  A  to  A  inch. 


HalaMClny  JKeelsteBce  for  Arc  lAinps  om  Coaaiaat 

Potential  Glrcait. 

As  the  ordinary  arc  lamp  takes  but  45  to  50  volts,  when  used  on  constant 
jmtential  circuits  <^  more  than  50  volts,  it  is  necessary  to  introduce  a  cer- 
tain resistance  in  series,  in  order,  first,  to  take  up  i>art  of  the  voltage,  and 
second,  to  act  in  a  steadying  capacity  to  the  arc;  in  fact,  until  the  dead 
resistance  was  introduoea  in  series  with  the  arc  lamp  on  constant  potential 
circuits,  such  lamps  were  entirely  unsuccessful. 

Prof.  EUhu  Thomson  says,  "a  certain  line  voltage  as  a  minimum  is  abso- 
lutely necessary  in  working  arc  lamps  on  constant  potential  lines,  whether 
they  be  open  arcs  or  enclosed  arcs.  Thus  two  45-volt  arcs  in  series,  with 
uncored  carbons  like  the  brand  known  as  'National,'  cannot  be  safely 
worked  below  110  volts  on  the  line  without  resistance  m  series  with  them. 
More  than  100  volts  should,  of  course,  be  maintained  for  safety  of  the 


'The  tests  show,  also,  that  with  a  cored  upper  carbon,  the  limit  is  lowered 
several  volts  on  the  average,  and  it  is  known  that  the  voltage  of  the  arcs 
may  be  safdy  reduced  somewhat  when  cored  positives  are  used. 

It  is  also  shown  that  a  75  to  80- volt  enclosed  arc,  run  upon  a  constant 
potential  Une,  is  stable  at  a  considerably  less  line  voltage  than  the  open  arc. 
It  would  appear,  diso,  that  with  either  open  or  enclosed  arcs  at  ordinary 
current  strengths  of  from  5  to  10  amperes,  the  steadsring  resistance  in  the 
branch  ia  required  to  cause  a  drop  of  about  15  to  20  volts,  or  waste  energy 
at  tiie  rate  in  watts  of  15  to  20,  multiplied  by  the  amperes  of  current  used 
in  the  lamp." 

Let  E  »  E.M.F.  or  difference  of  potential  between  the  circuit  leads. 

e  >-"  E.M.F.  required  at  arc  uunp  terminals. 

t  »  current  required  bv  the  arc  lamp. 

R  —  dead  resistance  to  oe  put  in  series. 

r  —  resistance  of  the  arc  lamp  burning. 

r'  «->  total  resistance  of  dead  resistance  +  lamp. 
Titen 

r  -  I  (1) 

r.  -  I  (2) 

B  -  f/  -  r.  (3) 

As  the  E.M.F.  of  most  of  the  drouits  on  which  lamps  of  this  type  are  used 
is  more  than  100  volts,  it  is  customary,  and  in  fact  economically  necessary, 
to  place  two  are  lamps  in  series,  and  the  formula  (3)  then  becomes, 

/?  -  r/  -  2r. 
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Mr0«t  tAgtktlwk^  bj  Arc  lAinpa. 

For  good  iUnmlnatloii,  distance  apart  of  aro  lampa  shottld  not  exceed  six 
timee  nelght  of  aro  from  ground. 

For  ral&oad  yards,  10  ampere  aro  lamps  30  feet  from  the  ground  and  about 
200  feet  apart  are  found  to  gire  good  results. 

The  following  table  shows  some  arrangements  of  arc  lamps  in  foreign 
cities: 


Arc  Lamps  in  Foreign  Cities. 

Amperes 
per  Arc. 

Distance 
Apart  in  Ft. 

Height  of 
AroinFt. 

City  of  London  Streets 

10 

115 

17.6 

Glasgow  Streets 

Hastings  Streets 

Berlin  Streets 

10 

160 

18.0 

10 

aoo 

18.0 

tfi 

187 

26.7 

Milan  Streete 

•  •  ■ 

80  to  100 

26.0 

Charing  Cross  Railroad  Station    . 

10 

90 

18.0 

Cannon  Street  Railroad  Station    . 

15 

180 

36.0 

St.  Pancras  Railroad  Station  .     . 

10 

eoto80 

14.0 

Central  Station,  Glasgow     .     . 
St.  Enoch's  Station,  Glasgow  .     . 
Edinburgh  Exhibition,  iSe 

10 

75 

19.5 

10 

M 

10 

83 

12.0 

Edinburgh  Exhibition,  1886      .     .     . 

16 

41 

ISA 

MA^lkt  C«t  oir  bj  «lob«a. 

Dr.  Bill. 

With  respect  to  porcelain  and  glass,  the  following  table  gives  the 
results  obtained  by  several  experimenters  on  the  absorption  of 
Idndbs  of  globes,  especially  with  reference  to  aro  lighta. 

Per  cent. 

Clear  glass 10 

Alabaster  glass 15 

Opalescent  glass 20to40 

Ground  glass 25to30 

Opal  glass 25to60 

MSky  glass 30to60 

Too  much  importance  should  not  be  attached  to  this  large  absorption, 
since  it  has  already  been  shown  that  in  most  cases,  so  far  as  useful  Wfect  ia 
concerned,  diffusion  and  the  resultins  lessening  of  the  intrinsic  brilliancy 
is  cheaply  bought,  even  at  the  cost  of  pretty  heavy  loss  in  total  luminous 
radiation. 

The  classes  of  shades  commonly  used  for  incandescent  lamps  and  gas 
lights  have  been  investigated  with  considerable  care  by  Mr.  W.  L.  Smith. 

The  experiments  covered  more  than  twenty  varieties  of  shades  and  re> 
flectors,  and  both  the  absorption  and  their  distribution  of  li^ht  were  inves- 
tigated. One  group  of  results  obtained  from  6-inch  spherical  globes,  in> 
tended  to  diffuse  the  light  somewhat  without  changing  its  distribution, 
as  follows,  giving  figures  comparable  with  those  just  quoted: 

Per  cent. 

Ground  glass 24.4 

Prismatic  glass 20.7 

Opal  glass 32.2 

0|>alescent  glass  ^ 23.0 
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The  prismaiic  globe  in  question  was  of  elew  glass,  but  with  prismatio 
longitudinal  groores,  while  the  opal  and  opalescent  globes  were  of  medium 
density  only. 

Etched  glass  has  considerably  more  absorption  than  any  of  the  above, 
the  etching  being  optimally  equivalent  to  coarse  and  dense  grinding.  Their 
diffusion  is  less  homogeneous  than  that  given  by  ordinary  grinding,  so  that 
they  may  fairly  be  said  to  be  undesurable  where  e£Boiency  has  to  be  seri- 
ously oonsidered. 

One  trimmer  can  handle  the  following  number  of  lamps  per  day: 

Walking.      Riding. 

Regular  open  double  carbon  street  arcs   ....  80  100  to  120 

Magnetite  hunpe 80  100  '   120 

Flaming  anss 80  100 "    120 

Enclosed  arcs 50  100 

The  number  of  commercial  lamps  which  one  man  can  trim  depentb  so 
much  uix>n  local  conditions  that  it  is  not  possible  to  give  any  general  figure. 
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Rbvibbd  bt  Dr.  C.  H.  Bbakp. 

Tm  problem  of  the  illuxninatiiig  engineer  may  be  stated  in  general  terms 
as  follows:  to  obtain  the  illimiinating  effect  desired  in  any  case  with  the 
maximum  economy,  having  due  regard  to  the  protection  of  the  eyes  from 
disagreeable  or  harmful  effects  ana  to  architectural  and  asthetic  consider- 
ations. 

Illumination  may  be  dbred^  coming  straight  from  the  lamps  which  then 
are  visible,  or  indired^  as  when  the  lamps  are  hidden  from  view  by  a  cornice 
and  the  illumination  is  due  to  the  light  reflected  from  a  cove  above. 

Measurements  of  candle-power  values  are  horisontal*  vertical  and  normal 
illuminations,  according  to  the  position  of  the  plane  of  reference,  horiaontal, 
vertical  or  normal  to  the  light  rays. 

Curves  of  illumination  have  as  their  abscissas  distances  from  the  eouroe 
of  lij^t  measured  along  a  horisontal  line  and  as  their  ordinates  intensities 
of  illumination.  If  the  vertical  distribution  curve  of  the  source  of  li^t  is 
known  the  corresponding  illumination  curves  can  be  computed  according  to 
the  following  equations,  in  which  E  is  the  illumination,  a  the  hel^t  of  the 
lamp  above  the  plane  of  reference,  { the  distance  from  the  iwint  in  question 
to  toe  point  immediately  beneath  the  lamp,  and  /^  the  intensity  of  the 
lamp  at  an  angle  #  with  the  vertical 


A- 


A- 


/^  cos  9  Igh  I^ oofl* # 

w  +  p  "*  (a»  +  P)i  "     S« 

7^  sin  9  T^l  J^  tan*  9 


Ixk  considering  the  availability  of  any  source  of  lif^t  due  regard  must  be 
given  to  the  proper  selection  of  shades,  reflectors,  etc.,  which  may  be  used 
m  connection  with  it.  These  appurtenances  serve  the  following  purposes: 
to  direct  the  lis^t  most  advantaJB^usly;  to  diffuse  the  lii^t,  decreasing  the 
apparent  specific  intensity  of  the  source  and  thereby  safeguarding  the  eves; 

Sure  decoration.  The  efficiency  of  an  illumination  mstallation  often 
epends  to  a  very  great  degree  on  the  selection  of  proper  auxiliaries. 
The  illumination  on  a  surface  is  eoual  to  the  luminous  flux  in  lumens 
per  unit  area  of  the  surface,  e.g.  the  loot-candles  are  egual  to  the  lumens 
per  square  foot.  The  average  illumination  on  a  plane  or  reference  is  equal 
to  the  lumens  through  the  plane  divided  by  its  area.  Hence  we  have  the 
following  definitions:  The  net  efficiencj/  m  an  illumination  installation  is 
equal  to  the  ratio  of  lumens  through  the  horiaontalplane  of  reference  to  tlM 
total  lumens  generated  by  the  lamps.  The  groaa  emnency  of  an  installation 
is  the  ratio  of  the  watts  supplied  to  the  lamps  to  the  lumens  on  the  plane  of 
reference. 

The  net  efficiency  depends  only  on  the  method  of  installing  the  lamps, 
on  the  reflectors,  etc.,  used,  and  on  the  coefficient  of  reflection  of  the  walls; 
ceiling,  floor  and  contents  of  the  room.     If  we  represent  this  average  oo- 

*  The  values  of  sin*  B  and  cos*  '  are  given  in  Table  I. 
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effident  by  k^  multiple  refleotiona  theoretically  inereafle  the  iliuminatioo 

in  the  ratio    .  __  .  •      In  practice  this  is  found  to  be  modified  by  many 

conditions.  A  general  knowledge  of  the  value  of  the  net  efficiency  to  be 
existed  in  any  case  enables  the  illuminating  engineer  to  form  a  very  ready 
estmiate  of  the  number  of  lamps  required. 
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41 
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71 
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12 
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42 
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72 
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13 
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43 
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73 
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8745 

14 

.9135 
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.3722 
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45 
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52 
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82 
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54 
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28 
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58 
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88 
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29 
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59 
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89 
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*  Values  ofl;  are  given  in  Table  n. 
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fcpMc  MllwMimAtlar  Cliart. 

A.  E.  Pabxb.  Trans.  I.  E.  S.,  Oct.,  1907. 
The  equation  upon  whieh  the  chart  is  based  is  the  well-known  one, 

/  ■•  ^  COS*  a. 

Where  /  ■-  Uluminatlon  In  foot-candles  normal  to  the  plane  to  be  illumi- 
nated. 
C  —  Oandle-power  readin|(  from  a  photometric  curve. 
«  —  Ansle  made  by  reading  C  with  normal  to  plane  illuminated. 
H  ■"  Minimitm  ctistance  source  of  illumination  to  this  plane. 

Solving  this  equation  by  loK^trithms  consists,  as  is  well  known,  of  finding 
log  of  C,  log  of  cos\».  adding  same  together  and  subtracting  log  of  Ifl[ 
the  remainder  giving  the  logarithm  of  the  result  desired,  this  being  exactly 
the  graphic  method  followed  in  working  the  chart. 

In  Fig.  1,  if  the  distance  A-B  be  laid  off  representing  log  C,  and  A-C  a 
distance  representing  log  coe\s.  completing  the  rectangle  wul  give  point  D. 
It  is  desired  to  add  the  length  of  A-C  to  the  length  A-B,  however,  and 
fortunately  we  may  do  this  graphically  if  from  D  we  draw  a  line  D-E  at  an 
an^e  of  4o  degrees  till  it  3ucs  ctie  line  A-B  produced.  AS  now  represents 
log  C  •¥  log.  coB%  We  now  wish  to  subtract  from  A-B  a  distance  equal 
tologfl*. 

Laying  oC  verucafly  from  E  such  a  distance  B-F.  we  may,  by  means  of 
a  45-d^?ee  Une  throu^  F,  subtract  from  A-E  this  distance  a-F^  giving  us 
the  ooint  G,  A-O  then  representing  the  solution  of  the  problem  or  A-O  — 
V>gC  +  logcos^  —  logir*.  If  now  the  diagonal  G-F  be  properly  labeled, 
ilTvalues  of  E-F  falling  on  this  line  wHl  have  the  same  foot-candle  readingi, 
And  for  every  other  foot-candle  reading  there  will  be  a  diagonal  parallel  to 

While  a  chart  constructed  exactly  as  per  the  foregoing  description  may 
je  conveniently  used,  the  form  here  presented  is  somewhat  different  in 
arrangement,  for  by  a  proper  manipulation  of  axes,  one  set  of  diagonals  may 
be  made  to  do  duty  for  ooth  D-B  and  F-O  functions,  and  considerable 
saving  in  space  and  complexity  results. 

A  few  samples  will  elucidate  the  working  of  the  chart. 

Say  that  from  a  photometric  curve  we  get  50  candle-power  in  a  vertical 
Hreetion.  and  100  candl»-power  at  an  angle  of  45  degrees.  It  is  desired  to 
^d  the  illumination  on  a  plane  at  six  feet  below  the  source  of  lisht. 

Taking  first  the  50  candle-power  reading.  As  «  in  this  case  is  0,  we  find 
JO  on  the  top  candle-power  scale,  and  follow  the  diagonal  lines  to  the  right 
hand  margin,  ^ving  the  point  5.  We  now  follow  horisontally  toward  the 
left  to  the  vertical  throu^  the  point  6  found  on  the  lower  inclined  margin. 
Following  a  diagonal  asAin  to  the  right  hand  margin  we  find  for  the  value 
required  1.40  foot-candHes. 

Again  from  100  oandlenpower  on  the  top  scale  we  follow  vertically  to  the 
horisontal  line  through  45  degrees  found  on  left  hand  margin,  from  this 
intersection  follow  diagonal  to  right  hand  margin  to  3.5. 

Proceed  toward  the  left  horisontally  to  vertical  through  6  as  before,  and 
again  along  a  diagonal  from  this  intenection  to  the  right  hand  margin,  giv- 
ing 1  foot-candle  as  the  desired  result. 

As  an  example  of  the  reversibility  of  the  chart,  the  following  problem  will 
be  solved.  Let  it  be  required  to  construct  a  photometiio  curve  that  will 
produce  a  uniform  illumination  of  1.5  foot-canoles  upon  a  plane  seven  feet 
bdow  the  light  source.  Find  the  intersection  of  the  diagonal  from  1.5  on 
rifl^t  hand  margin  with  vertical  through  7  on  lower  scale. 

ToUow  horisontally  to  the  right  to  right  hand  margin,  continue  from  this 
point  along  a  diagonal  toward  the  top,  and  where  this  diagonal  cuts  the 
several  degree  lines,  will  be  found  the  candle-power  readings  required  at 
these  angles.  As  205  candle-power  at  45  donees,  165  candle-power  at  40 
degrees.  133  candlenoMwer  at  35  degrees,  110  candle-power  at  30  degrees, 
96  canal»'POwer  at  25  degrees,  etc.  etc.,  to  72  candle-power  at  lero  degrees. 
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Val»l«  m.     llMiiared  IllanaiBatloB  for  'Tttrtowi  Clt 

of  Aerrico. 

From  a  pamphUl  by  the  National  EUctric  Lamp  Aatocialion. 

Clan  of  Servioe.  Light 

Intensity  in 
Oeneral  illumination  of:  Foot-GandlM. 

Auditoriums lto3 

Theaten lto3 

ChuichM 3to4 

Reading lto3 

General  illumination  of  residenoeH lto2 

Desk  illumination 2to5 

Postal  servioe 2to5 

Bookkeeping 3to5 

Stores,  general  illumination 2to5 

Stores,  elothing 4  to    7 

Drafting 5  to  10 

Engraving 5  to  10 


Vablo  IV.    •howlBgr  f^ 


▼iBfr  b J  tho  Vso  of  Hlg-li  Bfldoacj 

Kompa. 


From  a  pamphUl  by  the  Naixonai  Electric  Lamp  Auociation. 


1 
2 
3 

4 
6 

6 

7 

8 


10 
11 


Candle-power 

Watts  per  candle,  nominal  .    .    . 
Watts  per  candle,  actual      .    .    . 

Total  watts 

HouiB  total  life 

Cost  of  lamp 

Cost  of  renewals  per  year  of  1000 
hours 

Cost  ci  power  per  year  of  1000 
hounat  10 o. perk. w. hour.   .    . 

Cost  of  power  and  lamp  renewals 
per  year  of  1000  hours  .... 

Saving  over  3.5  W.  P.  C.  lamp   . 

Saving  over  3.0  W.  P.  C.  lamp   . 
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Carbon. 

Gem. 
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20. 

20. 

3.5 

3.0 

2.5 

3.48 

3.04 

2.5 

69.6 

60.8 

50.0 

1040. 

620. 

560.0 

10.16 

10.16 

$0.20 

0.154 

0.308 

0.36 

6.96 

6.08 

5.00 

7.11 

6.39 

5.36 

... 

0.72 

1.75 

... 

•  •  • 

1.03 

Tanta- 
lum. 


20. 
2.1 
2.1 
42.0 
600. 

$0.54 

0.90 

4.20 

5.10 
2.01 
1.29 


line  5  gives  our  best  knowledge  of  the  life  of  our  lamps  with  good  volt- 
age regulation.  A  slight  difference  in  standards,  a  variable  regulation  or  a 
poor  regulation  will  cause  lamps  to  average  better  or  poorer  than  these 
figures.    line  6  ahowi  the  cost  of  lamp  in  10,000  quantity. 
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CxpertiMeBtal  Ii»t»   on   E11aiMiB»tiBg-  Valac*. 

From  paper  by  Sharp  ds  Millar  before  Ediaon  Asaociatum. 

This  auditorium  u  equipped  with  a  cove-lighting  installation  and  with  an 
arrangement  of  ceiling  lamps  and  side  brackets.  The  Edison  Company 
undertook  the  work  of  arranging  such  temporary  installations  as  wei« 
required  for  the  purpose  of  the  test.  These  mstafiations  were  selected  at 
the  suggestion  of  the  advisory  committee  in  such  a  way^  as,  first,  to  brine 
out  the  relative  illujnination  ^ciencies  obtainable  with  similar  illuminanta, 
variously  arranged  and  variously  equipped  with  reflectors,  etcj  second,  to 

S've  a  basis  for  reliable  comparisons  of  the  illuminating  emciendea  of 
luminants  of  different  types. 

The  fact  should  be  empnasized,  however,  that  the  results  here  given  apply 
in  all  strictness  only  to  the  room  in  question,  and  that  in  using  these  data 
in  connection  with  other  installations,  proper  consideration  should  be  given 
to  this  fact. 

The  sixteen  candle-jMwer  carbon  incandescent  lamps  which  were  used  in 
the  installations  requiring  such  lamps,  were  new  lamps  taken  from  a  package 
which  had  been  purchased  recently  subject  to  the  inspections  of  the  Elec- 
trical Testing  Laboratories,  and  which  could  therefore  be  considered  as 
well-rated  lamps.  These  hunps  were  burned  about  fifty  hours  before  the 
first  test  was  undertaken.  The  frosted  lamps  were  selected  in  a  similar 
manner.  The  actual  candle-power  and  watts  of  these  lamps  were  deter- 
mined by  selecting  a  considerable  number  of  representative  ones  and  photo- 
metering  them  in  the  laboratory,  at  the  actual  voltages  used  in  the  tests. 
The  deterioration  of  these  test  lamps  in  successive  tests  was  also  deter- 
mined in  this  way. 

It  is  desirable,  also,  to  know  what  ratio  of  the  total  light  which  is  emitted 
by  the  lamiM  in  a  room  may  be  expected  to  fall  on  a  plane  of  referenee, 
i.e.,  the  horizontal  plane  on  which  measurements  of  the  intensity  of  Uie 
illumination  are  commonly  made.  This  ratio  of  the  light  seneratoi  to  the 
light  utilized  on  the  plane  of  reference  gives  a  value  for  the  net  effideney 
of  the  installation.  However,  in  order  to  arrive  at  an  expression  for  this 
effideney,  it  is  necessary  to  employ  some  unit  in  which  the  total  lin^t  from 
the  lamps  and  the  total  fi^ht  falling  on  the  plane  of  reference  can  be  expressed. 
For  this  purpose  the  notion  of  the  flux  of  light  is  used,  and  the  unit  in  wfaldi 
luminous  flux  is  measured  is  introduced.  This  unit  is  the  "lumen,"  whiofa 
is  defined  as  the  flux  of  light  emitted  by  a  source  of  one  candle-power  in  a 
unit  solid  angle.  The  total  luminous  flux  from  a  source  of  light  Is  equal  to 
4',  or  12.57  times  its  mean  spherical  candle-power.  We  can  measure  in 
lumens  not  only  the  output  of  the  lamps,  but  also  the  flux  of  lisht  throu^ 
the  plane  of  reference,  and  the  ratio  of  the  lumens  through  the  i^ne  of 
reference  to  the  lumens  jdelded  by  the  lamps  gives  the  net  effideney  of  the 
installation.  In  a  similar  wav  the  effideney  of  the  lamps  may  be  measured 
by  their  lumens  per  watt;  and  the  gross  efficiency  of  the  illumination  instal- 
lation can  be  measured  by  the  lumens  on  the  plane  of  reference  per  watt 
expended  in  the  lamp.  The  lumens  on  the  plane  of  reference  are  deta<- 
mined  by  multiplying  the  intensity  of  illumination  on  this  plane,  as  ex- 
pressed in  candle-feet,  by  the  area  of  the  plane  in  square  feet,  i.e.,  the  flux 
through  a  plane  is  equal  to  the  intensity  of  the  illumination  on  the  plane 
multiplied  by  the  area  of  the  plane,  or  the  illumination  on  the  plane  is  equal 
to  the  density  flux  of  the  light  falling  on  that  plane. 

In  measunng  the  Illumination,  forty-five  stations  were  selected,  equally 
spaced  over  the  floor  of  the  auditorium.  The  values  of  illumination  were 
then  plotted  on  a  map  of  the  floor  area,  and  then  aU  points  having  the  same 
illumination  were  connected  by  lines.  This  gives  a  set  of  lines  which  we 
have  called  equilucial  tinea,  by  analogy  with  equi potential  lines  of  an  elec- 
trostatic or  a  magnetic  field. 

If  the  lines  are  plotted  representing  in  all  coses  the  same  percentage 
variation  of  illumination,  the  closeness  of  the  lines  to  each  other  represents 
the  illumination  gradient,  or  the  rate  at  which  the  illumination  is  nha.nging 
from  place  to  place  on  the  plane  of  reference,  and  consequently  the  lack  at 
uniformity  in  the  illumination.  Diagrams  of  this  character  have  been 
prepared  for  the  various  tests. 

A  number  of  such  diagmnui  are  given  on  pages  500  and  501 .    Theee,  in 
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tmdtk  ease,  show  the  arrancement  of  the  lamps  and  a  oondeneed  deseription 
of  the  type  of  installation  is  given.  These  diacrams  show  lines  of  uniforxn 
illumination  for  various  types  of  installation.  The  equiluoial  lines  show 
differences  in  intensity  of  ten  per  cent.  Diagram  1  shows  the  effect  of  the 
eove  lifl^tinff  alone;  2,  ceiling  lamps  and  brackets  frosted;  3.  concentrating 
ivismatie  rsfiections,  hjn^  level;  4,  mirror  reflectors,  high  level:  5,  distribut- 
mg  reflectors,  low  plane;  6,  gem  lampe;  7,  tuneiten  lamps;  8,  arc  lampe, 
with  diffuoer  shades. 

In  a  general  way  the  tests  made  were  intended  to  show,  flrst,  the  compar- 
iaon  between  the  various  permanent  installations  in  the  auditorium;  seooiKl, 
the  increase  in  illumination  efficiency  resulting  from  equipping  the  ceiling 
lamps  with  various  reflectors,  and  the  effect  of  using  frosted  instead  of  dear 
bulb  lamps:  third,  the  effect  of  lowering  the  same  eouipment  to  a  point 
nearer  the  floor.  Furthermore^  gem  lamps,  tungsten  lamps,  Nemst  lamps 
and  are  lamps  were  installed  with  the  idea  of  obtaininf^  comparative  data 
on  their  illuminating  values  as  used  in  a  room  of  the  dimensions  and  char- 
acteristics of  this  auditorium.  These  varying  results  are  summarized  in 
the  accompanying  table. 

By  a  comparison  of  the  lumens  which  become  effective  on  the  plane  of 
reference  witn  the  lumens  which  are  isenerated  by  the  lamps,  we  |[et  a  value 
for  the  net  efficiency  of  the  installation.  The  value  of  this  efficiency  indi- 
cates the  degree  of  skill  with  which  the  installation  has  been  planned  and 
earned  out.  It  is  totally  unaffected  by  the  effidenoy  of  the  Umps  employed 
and  refers  only  to  the  illumination  installation  as  such,  irrespective  of  the 
illuminants  used.  It  is,  however,  largely  affected  by  the  character  of  the 
room  which  is  illuminated,  as  is  ajso  the  gross  efficiency  of  the  installation. 

<7««M«AeBte  of  IteHoctloBa. 

Bell. 

Many  experiments  have  been  made  to  find  the  absolute  loss  of  intensity 
due  to  reflection.  This  absolute  value  of  what  is  called  the  coefficient  of 
reflection,  that  is  to  say,  the  ratio  of  the  intensity  of  the  reflected  to  that 
of  the  incident  U^t.  varies  very  widely  according  to  the  condition  of  the 
reflecting  surface.  It  also  —  in  case  the  surfaces  are  not  without  seleotire 
reflection  in  respect  to  color — varies  notably  with  the  color  of  the  inci- 
dent light. 

Tlie  following  table  gives  a  collection  of  approximate  results  derived 
from  various  sources.  The  figures  show  clearly  enough  the  uncertain  char- 
acter of  the  data. 


Material. 


BQghly  polished  silver  .  . 
Mirrors  silvered  on  surface 
Highly  polished  brass  .  . 
Highly  polished  copper  . 
Highly  polished  steel  .  . 
Speouram  metal    .... 


Fblished  gold 
BnmiBhedooi 


copper 


CJoefficient 
of  Reflection. 


.92 
.70  to  .85 
.70  "  .76 
.60  "    .70 

.60 
.60  ••  .80 
.60  "  .66 
.40  •*    .60 


Smooth  pi4>ers  and  paint  give  a  very  considerable  amount  of  surface 
reflection  of  white  light,  in  spite  of  the  pigments  with  which  they  may  be 
colored.  The  diffusion  from  them  is  very  regular,  except  for  this  surface 
sheen,  and  may  be  exceedingly  strong.  When  light  from  the  radiant  point 
falls  on  such  a  surface  it  produces  a  very  wide  scattering  of  the  rays,  and 
an  object  indirectly  illununated  therefore  receives  in  the  aggregate  a  very 
large  amount  of  light.  *  A  great  many  experiments  haveoeen  tried  to 
determine  the  amount  of  this  diffuse  reflection  which  becomes  available 
for  the  illumination  of  a  single  object.  The  general  method  has  been  t6 
eompare  the  lig^t  received  directly  from  the  ilfumioant  with  that  received 
from  the  same  Ulnminant  by  a  reflection  from  a  diffusing  surface* 
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The  followiac  table  gives  an  agsreeation  of  the  remits  obtained  by 

1  oolorei* 


eral  experimenters,  mostly  from  oolored  papers: 


Material. 


White  blotting  paper 

White  cartridge  paper     .    .    .    . 

Ordinary  foolscap 

Chrome  yellow  paper 

Orange  paper 

Plane  deal  (clean) 

Yellow  wall  paper 

Yellow  paintedf  wall  (cleao)   .    . 

Light  pmk  paper 

Yellow  caroDoard 

Light  blue  cardboard 

Brown  cardboard 

Plane  deal  (dirty) 

Yellow  painted  wall  (dirty)    .    . 

Emerald  green  paper 

Dark  brown  pi4;>er 

Vermilion  paper 

Blue  green  pi4>er 

Cobalt  blue 

Black 

Deep  chocolate  paper     .... 
French  ultra-marine  blue  pi4>er 

Black  cloth 

Black  velvet 


Goefficimt  of 
Diffuse  reflection. 


.82 

.80 

.70 

.02 

.00 
.40  to  .60 

.40 

.40 

.36 

.30 

.26 

.20 

.20 

.20 

.18 

.13 

.12 

.12 

.12 

.06 

.04 
.035 
.012 
.004 


laterlor  IlliinslBatloii. 

Bill. 

To  Illuminate  a  room  20  ft.  square  and  10  ft.  high  on  the  basis  of  a  mini- 
mum of  1  candle-foot,  will  require  from  80  to  144  effective  candle-power 
according  to  the  arrangement  of  the  lights,  if  the  finish  is  light,  and  hall 
as  much  again,  at  least,  if  the  finish  is  dark.  The  floor  space  heins  400 
sq.  ft.  it  appears  that  the  illumination  is  on  the  basis  of  about  3  toTsa  ft 
per  effective  candle-power.  The  former  figure  will  give  good  illumination 
under  all  ordinary  conditions;  the  latter  demands  a  combination  of  licht 
finish  and  very  skfllfullv  arranged  lights.  * 

For  very  brilliant  effects,  no  more  than  2  sq.  ft.  per  candle  should  be 
allowed,  while  if  economv  Is  an  object,  1  c.p.  to  4  sq.  ft.  will  furnish  a 
very  good  groundwork  of  Illumination,  to  be  strengthened  locally  bv  a 
drop-light  or  reading  lamp.  The  intensity  thus  deduced  may  be  compared 
to  advantage  with  the  results  obtained  by  various  investigators,  reducing 
them  all  to  such  terms  as  will  apply  to  the  assumed  room  whl^  is  under 
discussion. 


Just  deduced 
Uppenborn 
Plazzoli  .    . 
Fontaine .    . 


1  c.p.  per  3  sq.  ft. 

1  c.p.  per  3.6  sq.  ft. 

1  c.p.  per  3.6  sq.  ft. 

1  c.p.  per  7.0  sq.  ft.  (approximation). 


In  very  high  rooms  the  illumination  Just  indicated  must  be  materially 
increased,  owing  to  the  usual  necessity  for  placing  the  lamps  rather  higher 
than  in  the  case  just  given,  and  on  account  of  the  lessened  aid  received 
from  diffuse  reflection.  The  amount  of  this  increase  is  rather  uncertain 
but  in  very  high  rooms  it  wouM  be  wise  to  allow  certainly  1  c.p.  for  every 
2  sq.  ft.,  and  sometimes,  as  in  ball-rooms  and  other  special  cases  requiring 
the  most  brilliant  lighting,  as  much  as  1  c.p.  per  square  foot. 

Perhaps  the  most  important  rule  for  domestic  llghthig  is  never  to  use 
indoors,  an  Incandescent  or  other  brilliant  light,  umhaded.    Ground  or 
frosted  bulbs  are  particularly  good  when  incandescents  are  used,  and  opal 
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shades,  or  holophane  globes,  which  also  rednce  the  intrinsic  brilliancy,  are 
available  with  almost  any  kind  of  radiant.    Ornamental  shades  of  tinted 

glass  or  of  fabrics  are  exceedingly  useful  now  and  then,  when  arranged  to 
armonize  with  their  surroundings. 

The  table  below  is  intended  as  a  hint  about  the  requirements  for  domes- 
tic lighting,  and  while  it  is  laid  out  for  a  fairly  large  hoiue,  contidning 
twen^  rooms  and  three  baths,  its  details  will  fnrnisn  suggestions  applu 
cable  to  many  cases.  An  8-o.p.  lamp  of  the  reflector  variety  should  be 
placed  in  the  ceiling  of  everv  large  doeet,  and  controlled  hv  a  switch  from 
the  room  or  by  an  automatic  snatch,  turning  it  on  when  the  door  is  fully 
opened. 


Room. 


Hall  ..*,.. 
Library  .... 
Reception  room  . 
Music  room  .  . 
Dining  room  .  . 
Billiard  roopi  .    . 

Porch 

Bedrooms  (6)  .    . 
Dressing  rooms  (2) 
Servants'  rooms  (3) 
Bathrooms  (3)    .    . 
Kitchen 

Pantry 

Halls 

Cellar        

Closets  (4)    .    .    .   . 


Total    .... 


8 

c.p. 

16  c.p. 

32 

c.p. 

Sq.  Ft. 
per  c.p. 

8 

•   • 

4,7 

12 

1 

3.1 

4 

•   ■ 

7.0 

12 

2 

3.0 

14 

•   ■ 

2.7 

>   • 

4 

2.3 

1 

•   • 

14 

« 

7.0 

4 

■ 

4.7 

3 

• 

9.4 

3 

• 

6.0 

•  • 

3 

• 
• 

•  • 

10 

3 

4 

•   • 

■ 

64 

30 

8 

•  •  • 

Remarks. 


8-<s.p.  reflector  lamps 


Eight  reflector  lamps 
32  c.p.  with  reflectors 


Reflector  lamps 


'Watte  at  Iiansp  Te 

ft»r  Hirh  Claae  Av«  Iilffhttnc- 


tnale  Per  flqvare  Vo«t  Iloor 
>h  Claae  Av«  I<lj  ~ 

(By  W.  D'A.  Rtan.) 


Building. 


Bfachine  shops;  high  roofs,  ^electrically  driven 
machinery,  no  belts 

Machine  shops;  low  roofs,  belts,  other  obstruct 
tions 

Hardware  and  shoe  stores 

Department  stores;  light  material,  bric-&-brac, 
etc 

Department  stores;  colored  material     .... 

Mill  lighting;  plain  white  goods 

Mill  lighting;  oofered  gpoas,  high  looms    .    .    . 

General  oflSoe;  no  incandescents 

Drafting  rooms 


.5    to  1 

.76  to  1.25 
.5  to  1 

.75  to  1.25 
1        to  1.5 

.9to    1.3 
1.1  to    1.6 
1.25  to  1.75 
1.5    to2 


Average 
Condi- 
tions. 


.76 


.75 

1 

1.25 

1.1 

1.3 

1.6 

1.76 


NoTB :  Energy  based  on  watts  at  lamp  terminals. 
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Ctaaeral  IlliiailBacloB* 


Th«  subject  of  iUununation  has  been  divided  by  Mr.  E.  L.  Elliott,  to 
whom  we  are  indebted  for  many  suggestions,  into  the  following  sub-divisions: 
intensity  or  brillianoy,  distribution,  diffusion,  and  quality. 

'MmtmmaU^  of  IBrllllAMCj.  —  The  average  bnllianoy  of  illumination 
required  will  depend  on  the  use  to  which  the  light  is  put.  "A  dim  light 
that  would  be  very  satisfactory  for  a  church  would  be  wholly  inadequate 
for  a  library,  and  equally  unsuitable  for  a  ballroom/' 

The  illumination  given  by  one  candle  at  a  distance  of  one  foot  is  called 
the  "oandle-foot"  or  '* foot-candle,"  and  is  taken  as  a  unit  of  intensity.  In 
general,  intensity  of  illumination  should  nowhere  be  less  than  one  candle- 
foot,  and  the  demand  for  lij^t  at  the  present  time  quite 'frequently  raises 
the  brilliancv  to  double  this  amount.  As  the  intensity  of  light  varies 
inversely  with  the  square  of  the  distance,  a  16  candle-power  lamp  gives  a 
oandle-foot  of  light  at  a  distance  of  four  feet.  A  eanal*4oot  of  lii^t  is  a 
good  intensity  for  reading  purpoMs. 

Assuming  the  16  candle-power  lamp  as  the  standard,  it  is  generally  found 
that  two  10  candle-power  lamps  per  100  square  feet  of  floor  space  give  good 
illumination,  three  very  bright,  and  four  brilliant.  These  general  figures 
will  be  modified  by  the  height  of  ceiling,  color  of  walls  and  ceiling,  and 
other  local  conditions.  The  lighting  effect  is  reduced,  of  course,  oy  an 
increased  height  of  ceilins.  A  room  with  dark  walls  requires  nearly  Oiree 
times  as  many  lights  for  the  same  illumination  as  a  room  with  walls  painted 
white.  With  the  amount  of  intense  light  available  in  arc  and  Incandescent 
lightiiig,  there  is  danger  of  exceeding  **  the  limits  of  effective  illumination 
and  producing  a  glarmg  intensity,'*  which  should  be  avoided  as  carefully  as 
too  little  intensity  of  illumination. 

IMetribatton  of  lilarht*— Distribution  considers  the  arrangement  of 
the  various  sources  of  light,  and  the  determination  of  their  canole-power. 
The  object  should  be  to  "  secure  a  uniform  brilliancy  on  a  certain  plane,  or 
within  a  given  space.  A  room  nniformlv  lighted,  even  though  compara- 
tively dim,  gives  an  elf  ect  of  much  better  illuminatioii  than  where  there  is 
great  brilliancy  at  some  points  and  comparative  darkness  at  others.  The 
darker  pturts.  even  though  actually  light  enough,  appear  dark  by  contrast, 
while  the  lighter  parts  are  dazzling.  For  this  reason  naked  lights  of  any 
kind  are  to  be  avoided,  since  they  must  appear  as  dazzling  points,  in 
contrast  with  the  general  illumination.'* 

The  arrangement  of  the  lamps  is  dependent  very  largely  upon  existing 
conditions.  In  factories  and  shops,  lamps  should  be  placed  over  each  ma- 
chine or  bench  so  as  to  give  the  necessary  light  for  each  workman.  In  the 
lighting  of  halls,  public  buildings,  and  large  rooms,  excellent  effects  are 
ODtsdned  by  dividing  the  ceiling  into  squares  and  placing  a  lamp  in  the 
eenter  of  each  square.  The  size  of  square  depends  on  the  height  of  ceiling 
and  the  intensity  of  illumination  desired.  Another  excellent  method  con- 
sists in  placing  the  lamps  in  a  border  along  the  wall  near  the  ceiling. 

For  the  iUumination  of  show  windows  and  display  effects,  care  must  be 
taken  to  illuminate  by  reflected  light.  The  lamps  should  be  so  placed  as  to 
throw  their  rays  upon  the  display  without  casting  any  direct  rays  on  the 
observer. 

The  relative  value  of  high  candle-power  lamps  in  case  of  an  equivaleiit 
number  of  16  candle-power  lamps  is  worthy  of  notice.  Large  lamps  can  be 
efficiently  used  for  lighting  large  areas,  but  in  general,  a  given  area  will  be 
much  less  effectively  Ughted  by  hish  oandl^ower  lamps  tnan  by  an  equiva- 
lent number  of  16  candle-power  lamps.  For  instance,  sixteen  64  candle- 
Sower  lamps  distributed  over  a  large  area  will  not  give  as  good  general 
Inmination  as  sixty-four  16  candle-power  lamps  distributed  over  the  same 
area.  High  candle-power  lamps  are  chiefly  useful  when  a  brilliant  light  is 
needed  at  one  point,  or  where  space  is  limited  and  an  increase  in  illumlnat- 
ingeffect  is  desired. 

iMffoaloM  of  lilg-ht.—"  Diffusion  refers  to  the  number  of  rays  that 
cross  each  point.  The  amount  of  diffusion  is  shown  by  the  character  of  the 
shadow.  Daylight  on  a  cloudy  daymay be  considered  perfectly  diffused ; 
it  produces  no  shadows  whatever.  The  light  from  the  electric  arc  is  least 
Effused,  since  it  emanates  from  a  very  small  surface;  the  shadows  cast 
by  it  have  almost  perfectly  sharp  outlines.  It  is  largely  due  to  its  high 
state  of  diffusion  that  daylight,  though  vastly  more  intense  than  any  artm- 
eial  Ulum< nation,  is  the  easiest  of  all  lights  on  the  eyes.    It  is  a  common 
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and  Berioas  mistake,  in  case  of  weak  or  overstrained  eyes,  to  rednee  tha 
intensity  of  the  light,  instead  of  increasing  the  diffusion." 

4fta»litT  of  MAgMt,  — "  Aside  from  difference  in  intensity,  light  pro- 
daces  many  different  effects  upon  the  optic  nerves  and  their  centers  In  th« 
brain.  These  different  impressions  we  ascribe  to  difference  in  the  quality 
of  the  light.  Thus,  •  hard  light,'  *  cold  light,*  •  mellow  light,'  *  ambienl 
light,'  etc.,  designate  various  qualities.  Quality  in  licht  is  exactly  analogous 
to  timbre  or  quality  In  sound,  which  is  likewise  independent  of  intensity. 
The  most  obvious  differences  in  quality  are  plainly  those  called  color.  But 
color  is  by  no  means  the  element  ot  quality.  The  proportion  of  invisible 
rays  and  tne  state  of  diffusion,  are  highly  important  factors,  but  on  acoount 
of  not  being  directly  visible,  they  have  been  generally  overlooked,  and 
but  imperfectly  understood." 

'KWm  €3«rr0ct  1J*«  of  JJ^Irt. 


to  AToid  Hannftil  Kflocto  oa  the  Ejos.— An  obleetion 

frequently  urged  against  the  incandescent  lamp  is  that  It  is  harmful  to  the 
eyes  and  ruins  the  sight.  This  is  true  only  in  so  far  as  the  lamp  may  be  im- 
properly used.  Any  form  of  light  as  fretiuently  misused  would  produce  tli« 
same  harmful  results.  Few  people  think  of  attempting  to  read  by  an  un- 
shaded oil  lamp,  and  yet  many  will  sit  in  the  glare  of  a  clear  glass  incan- 
descent lamp.  Incandescent  lamps  are  more  generally  complained  of, 
because,  unlike  oil  or  gas,  thev  can  be  used  in  any  position.  Bookkeepers 
and  clerks  are  often  seen  with  an  incandescent  lamp  at  the  end  of  a  drop 
hanging  directly  In  front  of  their  eyes  — an  impossible  position  of  the  light 
from  gas  or  oil. 

The  first  hygienic  consideration  In  artificial  lighting  is  to  avoid  the  use  of 
a  single  bright  light  in  a  poorly  illuminated  room.  Ci  working  under  such 
a  light  the  eye  is  adapted  to  the  surrounding  darkness,  and  yet  there  is  on* 
spot  in  the  middle  of  the  eye  that  is  kept  constantly  fixed  on  the  very  bright 
light.  The  brilliancy  of  the  sinsle  light  acting  on  the  eye  adjusted  to  dark- 
ness, works  harm.  There  should  be  a  general  illumination  of  the  room  in 
addition  to  any  necessary  local  light.  If  sufficient  general  illumination  U 
provided,  the  eye  is  adjusted  to  the  light,  and  the  local  light  can  be  safely 
used.  The  ideal  arrangement  provides  general  Illumination  so  strong  that 
a  pencil  placed  on  the  page  ol  a  book  casts  two  shadows  of  nearly  equal 
intensity —one  coming  from  the  general  light  and  the  other  from  the  local 
light. 

Oare  should  also  be  taken  to  preyent  direct  rays  from  striking  the  eye. 
The  light  that  reaches  the  eye  by  day  is  always  reflected.  In  reading  or 
writinff,  to  avoid  shadows,  the  light  should  come  over  the  left  shoulaer. 
Only  the  reflected  ravs  can  then  reach  the  eye. 

Another  point  to  be  avoided  is  the  careless,  general  use  of  clear  glass, 
unshaded  lamps.  Frosted  bulbs  should  be  used  in  place  of  clear  glass 
where  soft  light  for  reading  is  required.  The  intensity  of  light  reflected 
from  a  small  source  is  increased,  and  intense  light  injures  the  eye.  With  a 
clear  glass  globe  the  whole  volume  of  light  proceeds  directly  from  the  small 
surface  of  the  lamp  filament.  With  a  frosted  bulb  the  light  is  radiated 
from  the  whole  surface  of  the  bulb,  and  while  the  total  illuminating  effect 
is  practically  undiminished,  the  light  is  softened  by  diffusion,  to  the  great 
comfort  ana  relief  of  the  eyes. 

Finally,  the  use  of  old,  dim,  and  blackened  lamps,  giving  but  a  small 
fraction  of  their  proper  light,  is  very  often  a  source  of  trouble  in  not  supply- 
ing a  sufficient  quantity  of  light.  Users  of  lamps  are  not  otfen  aware  of 
the  loss  in  candle-power  a  lamp  undergoes,  and  so  it  happens  that  lamps 
are  retained  in  use  long  after  their  efficient  light-ffiving  power  has  vanished. 


Proper  attention  to  lamp  renewals  on  the  part  of  Central  Stations  is 
sary  to  correct  this  evil. 

The  correct  use  of  light  requires  : 

That  there  should  be  general  iUamination  in  addition  to  the  light  near  at 
hand. 

That  only  reflected  light  should  reach  the  eye.  The  light  should  be  so 
placed  as  to  throw  the  direct  rays  on  the  book  or  work,  and  not  in  the  eye. 

That  the  light  should  be  placed  so  that  shadows  will  not  fall  on  the  work 
in  hand. 

That  shades  and  frosted  bulbs  should  be  used  to  soften  the  light. 

That  lamps  be  frequently  renewed  to  keep  the  light  up  to  full  oaadlo- 
Dower. 
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]Mstrll»atlon  of  Ug-M  bj  lBc*adeac«iit  'MAumtpm, 

Th«  best  form  of  lighting  interiors  is  to  have  single  lamps  uniformly  dis- 
tributed over  the  ceiling;  unless  the  room  has  been  especially  designed 
with  thie  in  view,  it  is  sometimes  difficult  to  accomplish. 

Another  method  giving  most  excellent  results,  but  requiring  more  candle- 
power,  is  the  arrangement  of  lamps  around  the  sides  of  the  room  close  to 
the  cflUing.  If  the  walls  and  ceiling  are  of  a  light  color,  this  method  is 
quite  satisfaotory,  and  easio:  to  wire. 

If  the  ehandeuera,  or  more  correctly  in  this  case,'  eleotroliera,  are  uaed, 
it  is  best  to  have  but  one  main  or  large  one  in  the  room,  balancing  the  light 
by  side  brackets. 

All  such  suspended  lights  should  be  above  the  line  of  vision  as  far  as 
convenient. 

The  most  economical  distribution,  as  far  as  candle-power  necessary,  is  the 
first  mentioned,  where  lights  are  evenly  distributed  over  the  ceiling.  To 
obtain  the  same  luminosity  b]^  using  clusters  of  lamps  more  widely  distrib- 
uted instead  of  single  ones,  will  require  much  more  candle-power. 

The  10  candle-power  lamp  is  the  universal  standard  in  the  United  States 
when  rating  lamps  or  illumination,  and  following  are  nven  some  ratings 
on  which  illumination  of  different  classes  of  buildings  is  figured. 

Ordinary  illumination,  1  lamp,  8  feet  from  floor  for  100  square  feet,  as  in 
■beds,  depots,  walks,  etc. 

In  waiting-rooms,  ferry-houses,  etc.,  1  lamp  for  75  square  feet. 
In  stores,  offices,  etc.,  1  lamp  for  60  square  feet. 

Of  oourse  the  above  must  be  varied  to  suit  the  circumstances,  such  as 
daric  walls  or  other  surroundings  requiring  more  light,  as  the  walls  reflect 
little  of  that  furnished;  and  in  rooms  with  dead  white  walls  the  reflection 
approaches  90  per  cent,  and  less  lamps  would  be  required  than  in  interiors 
having  wone  reflecting  surfaces. 

A  verv  infl^enious  and  satisfactory  method  of  illuminating  high  arched 
and  vaulted  interiors,  developed  first  by  Mr.  I.  R.  Prentiss  of  the  Brush 
Company,  is  to  place  a  number  of  lamps  around  the  lower  edge  cd  the  arch 
or  dome,  with  reflectors  under  them,  and  so  located  behind  the  cornice  as 
to  be  invisible  to  the  eve  from  the  floor. 

The  dome  or  arch  will  reflect  a  large  i^art  of  the  light  so  placed,  giving  a 
very  fine,  even  illumination  to  the  whole  interior,  without  shadows,  and  very 
restful  to  the  eye. 

Of  oottise  the  arch  must  be  of  good  color  for  reflecting  the  light,  or  much 
of  it  will  be  wasted. 


CmicealMl  Utrhttnc  •rsto 

The  elements  of  inefficiency  of  systems  in  which  the  lighting  ia  by  con- 
cealed sources  of  light,  or  different  lighting  systems,  have  been  clasained  by 
Millar*  under  four  beads  as  follows: 

1.  Light  absorbed  by  ceilings  and  walls. 

2.  Loss  due  to  unnecessary  intensity  at  unimportant  points. 

3.  Ineffectiveness  of  sharply  inclined  rays. 

4.  Iffii^er  intensity  necessary  with  diffused  lighting. 

Some  of  his  experimental  data  illustrating  these  elements  quantitatively 
are  given  in  the  following  tables. 

e  Millar,  Trans.  Illuminating  Engineering  Society,  Oct.,  1907. 
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Mn.TiAB. 


Total  flux  of  light,  lumons    .... 

Flux  OD  workins  plane,  lumens  .    . 

Effioienoy  of  Usnt  utilisation   .    .    . 

Efficiency    of    illuminants    (lumens 

per  watt) 

«  1  ^.        Am       ^*         Diffused 
Relative  eff.  of  systems;     -^. — : 

Saeriflced  to  secure  diflFusion    .    .    . 


Temporary 
Installation  at 
Electrical  Test- 
ing Laboratories. 


System. 


Direct. 


424 
180 
42.3% 

2.92 


Diffused. 


4824 
579 
12.0% 

2.01 


28  per  cent. 
72  per  cent. 


Harlem  Oflloe  of 
New  York 
Edison 
Company. 


System. 


Direct. 


13938 
6642 

47.7% 

3.34 


Diffused. 


30632 
4689 
15.4% 

3.34 


32  per  cent. 
68  per  cent. 


Table  VIH.     Xllnniliwtioift  InteMltj  Jt«i««i 


MlLLAJl. 


« 

Foot-Candles. 

Angle  of  Paper 

Observer. 

with 
Horizontal . 

Diff.  in  Per 

Direct. 

Diffused. 

Cent  of 
Direct. 

H.  E.  AUen     .... 

46» 

2.5 

4.7 

184 

Nii^t  watchman 

42* 

3.7 

4.8 

130 

Dynamo  tender  . 

35* 

1.86 

2.7 

144 

li.  E.  Allen 

47" 

3.0 

5.3 

180 

W.  S.  Howell  . 

47» 

2.95 

6.3 

217 

G.  H.  Sharp     . 

44«» 

3.6 

6.0 

140 

Z.  N.  Corras 

49'» 

2.3 

3.1 

135 

P.  S.  Millar      . 

46<» 

2.76 

5.0 

181 

F.  M.  Farmer 

49<» 

2.1 

5.0 

237 

E.  Fitigerald  . 

49" 

2.9 

2.6 

100 

2.7 

4.45 

166% 

NoTB.  —  The  last  value  obtained,  in  which  the  ex|>erimenter  required 
the  same  intensity  of  illumination  with  the  diffused  lighting  sjrstem  that  was 
desired  for  the  direct  lighting  system,  differs  from  all  the  other  values- 
Subsequently  it  was  learned  that  this  observer  was  influenced  by  the  bri^t- 
ness  oi  the  walls  to  select  the  stated  intensity  upon  the  paper,  feding 
that  greater  brightness  upon  the  walls  would  be  annojdng  and  unpleiaaiit 


LIGHTING   SCHEDULES.  603 

Millar's  oondurions  are  aa  follows: 

"The  conditions  of  the  installations  were  such  that  the  increase  in  inten* 
sity  required  for  reading  with  diffused  lighting  was  probably  larger  dian  may 
be  considered  a  representative  value.  The  factor  is  a  function  chiefly  of 
the  brightness  of  the  walls  and  of  the  extent  to  which  the  walls  and  other 
brightly  illuminated  objects  come  within  the  angle  of  vision. 

'  It  was  found  that  if  a  placard  was  viewed  at  a  distance  of  eight  or  ten 
feet,  thirty  times  as  much  lis^t  was  required  to  enable  an  observer  to  read 
it  as  well  with  the  diflFused  lighting  as  with  the  direct  lighting  arrangement. 
In  this  test  large  portions  of  the  walls  were  within  the  angle  of  vision,  and 
exerdsed  a  powerful  influence  upon  the  eyes  of  the  observer  with  both  light- 
ing sjTstems.  With  the  direct  lighting  system  the  walls  were  relatively 
dark,  influencing  the  pupilary  action  of  the  eye  so  that  a  low  intensity  upon 
the  placard  appeared  satisfactory.  With  the  diffused  lighting  system  tney 
were  brilliantly  illuminated  ana  so  affected  the  eye  that  a  very  intense 
illumination  was  required  upon  the  placard. 

"From  the  foregoing,  the  writer  has  drawn  the  following  conclusions: 
In  diffused  lighting^  systems  of  the  class  considered,  where  the  illumination 
of  a  working  plane  is  one  of  the  prime  objects,  a  large  proportion  of  the  lidht 
is  lost;  that  which  is  not  lost  becomes  less  effective:  bnlliant  illumination 
is  produced  where  it  is  useless  and  even  undesirable;  and  conditions  are 
established  which  create  a  demand  for  an  unduly  high  intensity  of  illumi- 
nation on  objects  viewed. 

'These  effects  are  present  in  var^ng  degree  in  all  systems  in  which  con- 


out  any  directing  adjuncts.     Lighting  with  utrge  sources  is  more  liable  to 
these  effects  than  lighting  with  small  sources. 

"The  facts  indicate  the  need  for  devoting  as  much  care  to  securing  suit- 
able minimum  intensities,  as  is  aenerally  expended  in  striving  for  maximum 
values.  In  certain  classes  of  fighting  where  more  light  is  asked  for,  the 
requirements  may  be  served  by  reducing  the  intensity  of  illumination  on 
unimportant  objects  which  are  unnecessarily  well  illuminated.  By  taking 
advantage  of  opportunities  to  minimise  intensities  at  unimportant  plaoes 
efficiency  is  gained,  and,  in  the  opinion  of  many,  good  lighting  as  well." 


Cl«iieral  Rnle  for  Conatractloift  of  ftcliodelo*. 

moonllirltt  SclMdalea.  —  Start  lamps  one  half  hour  after  sunset 
until  fourth  nig^t  of  new  moon;  start  lamps  one  hour  before  moonset. 

Extinguish  lamps  one  hour  before  sunrise,  or  one  hour  after  moon-rise. 

No  light  the  night  before,  the  night  of.  and  the  night  after  full  moon. 

During  summer  months  there  wul  be  found  nights  near  that  of  full  moon 
when,  under  the  rule,  the  time  of  lighting  would  be  very  short.  It  may  not 
be  poaitiveiy  necessary  to  light  up  during  such  times. 

If  better  service  be  desired,  but  not  full  every  night  and  all-ni|^t  service; 
lamps  can  be  started  at  sunset  and  run  to  12  or  1  o^lock  on  full-time  sched- 
ule, and  after  12  or  1  on  the  moonlight  basis. 

The  above  rules  bv  Alex.  G.  Humphreys,  M.E.,  have  been  modified  by 
Frund  as  follows:  Light  every  night  from  dusk  to  12  o'clock;  after  12  o'clock 
follow  Humphrey's  rule  for  moonlight  schedule,  excepting  there  will  be  no 
li^t  after  12  o'clock  during  the  three  nights  immeoiatdiy  preceding  full 
moon. 

All-lf  li^My  BTory-lf  IfiTlftt  9cli«dal«.  —  Start  lamps  one  half  houi 
after  sunset,  and  extinguish  them  one  half  hour  before  sunrise  every  day 
in  the  vear.     Full  schedule  commonly  called  4000  hours  for  the  year. 

All  the  above  rules  serve  to  make  schedules  for  any  locality,  and  such 
sehedules  must  be  based  on  sun  time  for  the  locality,  and  not  on  Handaard 
time. 

Permanent  average  schedules  are  used  in  New  York  City,  but  for  other 
cities  they  are  usually  made  up  fresh  every  year. 

Following  will  be  round  New  York  CSty  time  tables,  also  another  set  by 
Humphrsys  tiiat  is  a  good  average  for  sun  time  in  any  locality. 
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SOTK.  —  Ughliitarltd  30  minufu  i^fTer  iuhhI.  UbHU  lUgrptd  Sttrnkk- 
%Utt  btfon  wnrin. 

For  eommerolkl  Ughtlna :  ftdd  I  hour  for  p>rt  night  Ilabu,  aM  Ihoon  for 
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ELECTRIC  RAILWAYS. 

Rbtisbd  by  a.  H.  Armstroko,  C.  Rbnshaw  and  N.  W.  Svoub. 

Tbb  eleotrio  railway  motor  haa  made  sueh  rapid  strides  in  traction  that  it 
has  pre-empted  the  entire  urban  field,  taken  most  of  the  traflSo  from  the 
suburban  steam  lines  and  is  now  appearing  aa  a  formidable  competitor  to 
the  steam  locomotive  in  heavy  haulage.  In  considering,  therefore,  the  appli- 
cation of  the  electric  motor  to  traction  work,  it  is  necessary  to  determine  its 
capacity  and  characteristics  for  city  service  and  single  car  operation,  and 
also  for  electric  locomotives  hauling  heavy  trains,  either  high  speed  paaaen^r 
or  slow  speed  freight.  Small  oars  weighing  10  to  12  tons  may  be  fitted  with 
two  35  h.p.  motors  and  be  geared  for  a  maximum  speed  of  25  to  30  m.pJi. 
Larf^er  oars  of  the  single  truck  variety  weidbing  close  to  15  tons  may  be 
eqmpped  with  motors  of  40  h.p.  capacity.  Single  truck  cars  are  used  (to  a 
Urge  extent)  for  city  work,  altnougn  in  this  claas  of  work  the  use  of  double 
truck  cars  is  rapidly  increasing. 

Suburban  cars  weighing  18  to  25  tons  and  measuring  45  ft.  overall  may 
be  equipped  with  four  50  h.p.  motora  and  be  geared  for  a  maximum  speed 
of  40  m.p.h.  Such  cars  usually  make  stops  approximately  every  mile,  and 
a  schedule  speed  of  about  20  m.p.h.  outside  of  the  city  linuts.  Larger  types 
cl  suburban  cars  50  ft.  overalL  seating  52  passengers,  weic^  28  to  30  tons 
and  are  equipped  with  four  7o  h.p.  motors  geared  for  maximum  speed  of 
45  m.p.h.  These  cars  usually  make  a  stop  every  mile  and  a  half,  and  a 
schedule  speed  of  25  m.p.h.  for  the  local  and  35  m.p.h.  for  the  expr^BB  oars 
outside  of  the  city  limits.  The  lar^ent  type  of  suburban  car,  of  which  that  of 
the  Aurora,  Elgin  Si  Chicago  is  typical,  ts  equipped  with  four  125  h.p.  motors, 
is  geared  for  maximum  speed  of  60  m.p.h.  ana  stops  but  once  in  two  or  three 
mues^  making  a  schedule  speed  of  about  35  m.p.h.  These  oars  represent 
the  highest  tsrpe  of  interurban  electric  railway  and  their  use  seems  justified 
under  certain  conditions. 

C^radea. — Grades  upon  city  lines  may  run  as  high  as  13  percent,  and  to 
surmount  these  it  is  necessary  to  have  every  axle  on  the  cars  equipped  with 
motors;  thus  a  single-truck  car  would  require  two  motors  and  double-truck 
cars  four  motors;  and  even  then  the  oars  will  be  unable  to  surmount  these 
grades  with  very  bad  conditions  of  track.  Surface  cars  operating  over  city 
streets  have  no  option  but  to  use  the  prsvailing  grades,  hence  for  city  work 
where  heavy  grades  are  liable  to  be  met,  the  motor  capacity  per  car  shoukl 
be  liberal,  not  so  much  on  account  of  the  danger  of  overheating  the  motors, 
as  to  prevent  undue  sparking  when  surmounting  the  heavy  grades.  Tite 
tendency  of  the  suburban  roads  is  to  operate  over  private  right  of  way,  and 
grades  on  these  roads  do  not  generally  exceed  two  or  three  per  cent,  exoept 
for  very  short  runs  where  they  mry  reach  four  or  five  per  cent.  Grains 
exceeding  these  are  infrequent,  and  on  the  best  hieh  speed  suburban  roads 
two  per  cent  fljade  is  the  maximum  allowable.  The  effect  of  grades  upon 
the  heating  of  motors  is  largely  compensating  as  the  motors  cool  off  nearly 
as  much  in  coasting  down  grades  as  they  overheat  when  doing  extra  work 
in  surmounting  the  grades. 

Canrea.  —  In  city  work  sharp  curves  are  necessary  in  rounding  street 
oomen  and  curves  of  50  ft.  radius  are  sometimes  met.  These  curves  are 
oftentimes  so  sharp  as  to  prevent  the  use  of  heavy,  lonjs  double-truck  sub- 
urban cars.  Such  curves  cannot  easily  be  avoided  and  city  cars  are  deaicned 
with  short  wheel  base  of  trucks,  generally  not  over  6  ft.  in  order  to  be  able 
to  round  these  sharp  curves.  The  maximum  speed  oi  city  ears  is  Hmited 
to  about  15  m.p.h.,  so  that  these  sharp  curves  cannot  interfere  seriously  with 
the  schedule. 

Suburban  cars  operate  over  much  straighter  track  and  have  a  maximum 
speed  of  25  to  50  miles  per  hour.  It  is  seldom  that  the  curves  are  sharp 
enough  to  seriously  inconvenience  the  purely  suburban  claas  of  aerviee. 
Roads  operating  over  private  right  of  way  endeavor  to  limit  the  curvea  to 
five  degrees,  which  can  be  rounded  at  a  spieed  of  35  miles  per  hour,  so  that 

612 


ELECTRIC   RAILWAYS.  613 

they  do  not  Beriously  interfere  with  the  sohedule.  Very  high  speed  suburban 
roads  will  not  permit  curves  of  more  than  three  degrees,  as  a  sharper  curva- 
ture interferes  with  free  running  jtpeed  of  the  cars,  which  sometimes 
api^roaohes  60  miles  per  hour.  Sharp  curves  are  more  detrimental  to  the 
maintenance  of  high  speed  than  graoiss  of  four  or  five  per  cent  unless  the 
latter  be  of  considerable  length. 

Systema  of  Of^rsitloift*  —There  are  four  systems  of  operation  now  in 
use  for  electric  railways,  each  of  which  has  some  distinctive  advantages 
warranting  its  use  under  certain  conditions. 

1.  D,  C7  genmiUion  and  D.  C.  ditiribiUum  ufith  the  poenbU  rue  of  booalen 
or  floating  atorage  batieriee.  —  This  system  is  pre-eminently  adapted  to  the 
very  congested  travel  of  the  more  densely  populated  sections  oi  our  larger 
cities.  It  is  not  well  adapted  to  the  operation  of  roads  covering  larse  areas 
and  u  rapidly  becoming  obsolete,  owing  to  the  great  amount  of  feeder 
copper  required  to  transmit  large  amounts  of  energpr  at  600  volts,  which  is 
the  standard  potential  used.  The  use  of  boosters  is  objectionable  for  con- 
tinuous  work  as  they  add  largely  to  the  fud  expense,  while  a  floating  storage 
battery  at  the  end  of  a  long  feeder  is  oftentimes  more  expensive  to  install 
and  operate  than  some  of  the  other  systems  described  later.  The  direct 
current  generating  system  for  larf^er  supply  is  rapidly  becoming  obsolete, 
except  in  locahties  where  the  conditions  are  very  favorable  for  its  retention- 

2.  AUemaiirui  currerU  generation  and  trantmiaaion  to  rotary  converter 
eubetatioTte.  —  This  system  is  being  used  almost  entirely  for  our  suburban 
roads  and  larger  city  systems.  Alternating  current  generation  and  trans- 
mission offers  the  advantage  cl  the  abiUty  to  transmit  great  power  over 
long  distances  at  very  high  potentials,  in  some  cases  reaching  60,000  volts, 
so  that  the  copper  expense  is  relatively  small.  New  York  City  is  fed  entirely 
from  rotary  converters  which  receive  their  power  from  alternating  current 
generatora  and  alternating  current  transmission  lines  at  11,000  and  6,600 
volts.  The  office  of  the  rotary  converter  substation,  which  was  first  used 
in  1807,  is  to  reduce  the  high  potential  alternating  current  to  low  potential 
alternating  current,  then  convert  it  into  600  volts  direct  current  which  feeds 
into  the  trolley  or  third  rail,  as  the  case  may  be. 

3.  Threo'phaee  alternating  eurrent  feeding  direct  into  high  potential  trolley 
and  thence  into  three-j^utee  motore  upon  the  care  is  used  on  some  European 
roads. 

4.  7%e  eingle-vhaee  aUemating  current  commut€Uing  motor  has  been  devel- 
oped in  several  forms  since  1904,  and  there  are  now  quite  a  large  number 
OI  roads  operating  in  this  country  and  abroad,  using  this  type  of  motor. 
This  motor  is  said  to  be  more  flexible  than  the  three-phase  motor,  as  it  has 
a  variable  speed  characteristic  very  similar  to  that  of  the  direct  current 
series  motor.  Its  application  in  the  railway  field  is  therefore  much  more 
general  and  it  will  undoubtedly  find  considerable  use  in  suburban  work 
and  in  the  heavier  class  of  electric  railways. 

TrsUm  YrlctloB.  —  The  resistance  offered  by  air  against  the  front  and 
aides  of  a  rapidly  moving  car  forms  a  very  important  factor  and  has  been 
the  subject  of  a  laige  number  of  experiments.  The  most  complete  are 
probably  the  Berlin-Zossen  experiments  where  speeds  of  125  miles  per  hour 
were  reached  and  wind  pressures  noted.  A  large  number  of  formulse  have 
been  introduced  by  different  authorities  covering  the  resistance  offered  by 
the  sir,  rails,  journals,  etc.,  when  operating  single  cars  and  trains  at  different 
speeds.  The  formuuD  developed  by  steam  railroad  experimenters  using 
heavy  trains  of  many  cars  may  be  discarded  as  worthless  when  applied  to 
electric  traction  using  single  car  units.  In  the  same  way  the  results  obtained 
from  the  operation  of  single  ears  cannot  be  applied  to  trains,  as  the  wind 
friction  of  the  succeeding  cars  is  not  as  great  as  that  of  the  leading  car. 
These  train  friction  results  will  be  treated  and  commented  on  later  on  in 
this  chapter.  Wind  friction  plays  a  very  important  part  in  determining 
the  power  consumption  of  electric  cars  operatmg  at  high  speeds,  and  both 
the  energy  consumption  and  capacity  of  the  motive  power  plant  must  be 
carefully  determined  with  a  full  experimental  knowledge  ox  wind  friction 
in  view. 

C»r  SqvipmeBta.  —  Car  equipments  have  increased  from  motors  of 
25  h.p.  for  small  single-truck  cars  on  city  streets  to  motors  of  550  h.p.  each, 
as  in  the  "Mohawk  type  of  electric  locomotive  def<igned  for  the  New  York 
Central  Railroad.  Electric  motors  can  be  designed  to  meet  practically  any 
conditions  of  oj)eration,  but  the  standard  lists  of  manufacturers  run  fro 
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25  h.p.  to  200  h.p.  in  about  25  h.p.  steps,  in  the  larger  sizes,  and  less  differ- 
ence in  capacities  in  the  smaller  sixes.  It  is  better  to  refer  to  the  manufao- 
turers  when  a  motor  is  to  be  selected  for  a  given  class  of  service  which 
differs  materially  from  a  known  service  upon  which  full  data  is  at  hand. 
With  such  a  wide  range  in  capacity  of  motors  it  is  necessary  to  study  the 
conditions  very  carefully  in  order  to  properly  determine  the  correct  sixe  of 
motor  to  use.  Some  general  curves  are  given  later  from  which  reasonably 
correct  approximations  can  be  made,  but  these  should  be  verified  by  con- 
sultation with  experts  in  m6tor  design. 

IfOOomotlFAe.  —  Electric  locomotives  have  been  built  for  a  variety  of 
purposes  from  yard  shifting  to  the  hauling  of  passenger  trains  weighing  900 
tone  at  speeds  approaching  60  miles  per  hour.  Nearly  all  these  electric 
looomotives  so  far  have  been  equipped  with  direct  current  series  wound 
motors  operating  at  600  volts.  A  number  of  looomotives  in  Europe,  how- 
ever, have  been  equipped  with  three-phase  alternating  current  motors  and 
a  few  with  single-phase  motors.  In  this  country  there  are  now  in  operation  on 
the  Spokane  £  Inland  Railway,  1907,  six  50-ton  locomotives,  each  equipped 
with  four  150  h.p.  sing^le-phose  motors  arranged  to  operate  on  either  600 
volts  direct  current,  or  6600  volts  single-phase  alternating  current.  The 
Westinghouse  Electric  A  Manufacturin|;  Company,  who  built  these  locomo- 
tives, have  recently  completed  thirty-ove  88-ton  electric  locomotives,  each 
equipped  with  four  250  h.p.  sin^e-phase  motors  arranged  to  operate  on 
either  600  volte  direct  current,  or  11,000  volts  singIeH;)hase,  alternating 
current  for  the  New  York,  New  Haven  &  Hartford  Ilailroad,  and  also  six 
60-ton  locomotives,  each  equipped  with  three  240  h.p.  motors  for  operation 
on  3300  volts  alternating  current  for  use  by  the  Grand  Trunk  Railroad  in 
the  Samia  Tunnel.  The  use  of  electric  locomotives  is  rapidly  increasing 
as  the  economic  operation  and  other  advantages  of  their  operation  are 
appreciated. 

Desirabto  Polnta  In  Moiom  and  Car  Eqnlpaient.— It  is  desir- 
able that  motors  should  be  dectrically  sound,  i.e.,  that  tneir  insulation  should 
be  high,  medianically  strong,  and  waterproof.  It  is  of  ^reat  advantage  in 
this  connection  if  the  entire  frame  of  the  motor  can  be  insulated  from  the 
car  truck  and  consequently  from  the  ground,  thus  relieving  the  insulation 
ci  the  armature  and  fidds  of  half  the  strain.  The  mechanical  difficidties 
in  the  way  of  accomplishing  this,  however,  go  a  great  way  towards  counter- 
balancing the  advantage  gained. 

A  hig^  average  efficiency  between  three  quarters  and  full  load  should  be 
obtained  if  possible,  but  mechanical  points  should  not  be  neglected  to  obtain 
this. 

A  motor  should  run  practioaUY  sparkless  up  to  }  of  its  rated  capacity.  A 
low  starting  current  obviously  is  desirable,  and  for  obtaining  this  nothing 
is  better  for  continuous  current  operation  than  a  multiple  series  controlling 
device,  which  cuts  the  starting  current  in  half.  This  device  also  enables 
cars  to  be  run  at  a  slow  speed  with  good  efficiency. 

Mechanically,  the  motor  should  oe  simple.  The  fewer  the  parts,  and 
especially  the  wearing  parts,  the  better.  It  snould  be  well  encased  in  a  cover- 
ing strong  enough  not  only  to  keep  out  water,  pebbles,  bits  of  wire,  etc.. 
encountered  on  the  track,  but  to  shove  aside  or  slide  over  an  obstruction 
too  high  to  be  cleared.  At  the  same  time,  the  case  should  be  hinged  so  that 
by  the  removal  of  a  few  bolts  access  can  be  had  to  the  whole  interior  of  the 
motor.  The  brush  holders  and  commutator  should  be  easily  accessible 
through  the  traps  in  the  car  floor  at  all  times.  As  much  of  the  wei^t  of 
the  motor  as  possible  should  be  carried  by  the  truck  on  springs;  if  practicable 
all  of  it.     This  arrangement  saves  much  d  the  wear  and  tear  on  the  tracks. 

A  switch  in  addition  to  the  controlling  stand  should  always  be  provided, 
by  which  the  motorman  himself  can  cut  off  the  trolley  current,  in  \saae  of 
accident  to  the  controlling  apparatus. 

Roads  having  long,  steep  grades  should  have  their  cars  provided  with  a 
device  for  using  the  motors  aa  a  brake  in  case  the  wheel  brake  gives  out. 
There  are  several  methods  of  accomplishing  this,  but  limited  space  prohibits 
anv  description  of  them. 

Last,  but  by  no  means  least,  all  wearing  parts  should  be  capable  of  hting 
wanfy  and  cheaply  replaced. 
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81.714 
86.428 


91.143 
91.928 
94.286 
97.428 


99.786 
102.143 
103.714 
104JS 
106.286 

106.867 

110 

111.126 


Weight  per  lOOV. 
Long  Tons. 


986.7 

"2240 
2080 

®2240 
933.3 

102240 


11 


.2026.6 

3240 
880 


14 


986Ji 


14 


16 


16 


2240 
1973.3 

2240 
1066.7 

2240 
826.6 


16 


2240 
1604.4 

2240 


IT 


686.7 

2240 
_1920 

1^2240 
920 

1^2240 
1013.3 

1®  2M0 
1680 

**2240 

2013.8 

1*2240 
773.3 

2240 
1440 


19 


1ft 


19 


2240 
1773.3 

2240 
2106 

^40 


20 


6333 


20: 


2240 
2000 


2I7 


2240 
293.3 


2240 


7.441 

8JK29 

10.417 

11.906 

13.393 

14.284 
14.881 
16.477 
16.369 
16.607 

17.902 
17.411 
17.867 
18.403 
18.76 


18.1 

19.846 

19.643 

19.792 

19.940 

90.288 
20.838 
21.181 


618 


BLECTTRIC   RAILWAYS. 


SiM. 

No.  per  Keg  of 
aOOLbfl. 

Lbs.  per  Spike. 

Spikes  per  Lb. 

4iXi 

533 

.3752 

2.68 

6   X^ 

660 

.3077 

3.25 

6   X 

620 

.3846 

2.6 

6  XA 

393 

M&d 

1.98 

^xft 

466 

.4292 

2.33 

384 

.6208 

1.92 

«^x9k 

360 

.5714 

1.75 

exf. 

260 

.7692 

1.3 

tjiag: 


l»SJt    lOOO'    AUD    PEJt 


BCEIiB    SIHCMJB 


Spacing  of  Ties. 

Per  lOOy. 

Per  Mile. 

10  ties  to  30^  rail 

13334 
14661 

7040 

11    "    "    "    »* 

7744 

12   "    "    ««    " 

1600 

8448 

18    "    "    »    " 

1733) 
18661 

9152 

14    "    "    "    " 

9866 

15    "    "    "    " 

2000 

10660 

16    "    ••    "    " 

2I33I 

11264 

Younrs  psjt  mijls 

OS*  si]i«]:.s 

XJtACK. 

Per  lOOV. 

Per  MUe. 

Joints— 30^  rails 

Anirle  bars 

400 

533i 

800 

382 
704 

Bolts  — 4  hole  bars 

«i        6   ♦*         ••      

"         8    "         " 

1408 
2112 
2816 
4224 

XIE0    PEJt    lOOO' 

A]il»    PEJt    MULS. 

Spacing. 

Per  1000'. 

Per  Mile. 

10  ties  to  SO'  rail 

^ 

1700 

11    "     "    »'     *        

1996 

12    "     "    "    "        

400^ 

2112 
2288 

13    "     "    "    "       

4^ 
466* 

14    ••    "     "    •«       

2404 

16    •«    "     «•    "        

600 

2640 

16    "    "     "    "        

533i 

2816 

BOARD    rSEX,  CUBIC   JFJBEX.  Alt I»    M^fTAJtB  VBBV 
OS*  BKAJtIlf «  SURFACE  PER  XUB. 


Size. 

Board  Feet. 

Cubic  Feet. 

Bearing  Snrfaoa 

6"  X  y'  X  7' 
5"  X  e''  X  T 
5"  X  7''  X  7' 
6"  X  y'  X  7' 

6"  X  6"  X  r 

&'  X  7"  X  7' 
6"  X  8"  X  7' 

6"  X  9''  X  r 

6^'  X  8"  X  8' 

0"  X  y'  X  y 

6"X10"X8' 

14.66 

17  Ji 

20.41 

23.33 

21 

24.5 

28 

31  J> 

36 

82 

36 

40 

1.213 

1.458 

1.7 

1.944 

1.75 

2.041 

2.333 

2.626 

2.916 

2.088 

3 

3.383 

2.91 

4.08 

4.68 

SA 

4.06 

4.68 

5.26 

6.88 

5.88 

8 

e.08 

PAVINQ. 
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T17] 


White  oak fi^^„« 

Black  locust .*.'**''  lo 

Cherry,  black  walnut,  locust   .    1    '    *    '        7 


(t 
(I 


6  to  7    •« 


(I 


to5 


Elm 

Red  and  black  oaks     ..!'*''  a 

A»h,  beech,  and  maple     ....'"*  *^2 

Redwood *    *  '    *  iJ 

Cypress  and  red  cedar  .    ..'.'.*''       in 

Tamarack 7;«a 

Longleafpine •    •    .  7to8 

Hemlock .'    '    '    '  *4t«« 

Spruce ...'.'.'.  .    .    6 

PAvmrc}. 


It 
ti 


i4 
II 


II 
II 


rhff Lnf  JP^J^lf  ^i^'^y  "^  ^^*  *^  *■  difficult  to  state  even  an  approximate  cost 
that  will  not  be  dangerous  to  use.    Prices  are  not  at  all  afike  £r  inlSS? 
CTen  in  cities  in  the  same  locaUties;  other  stvlea  rary  acoordlM  to'n^^^ 
imity  of  material,  cost  of  labor,  and  imount  of  competition.  *       '^  ***" 

cJS^eVe^iSlf       ^""^^  ^*'*''*^''  """'  4/ SJ'' gauge. less*'/ for  width  of 

Per  lOOCK  run  =  485.89  8«.  yards. 

Square  yards  paving  for  W  outside  both  rails : 

Per  lOuCK   run  =  3334  sq.  yards. 
Per   mile  run  =  1760         '• 

, Approxtiate  Cosi  of  Partag'.     (Davis.) 


Cost  of  all  Material 
and  Labor. 


PAVEMENT. 


Cost  of 
Tearing  up 
Existing 
Pavement 
and  Repla- 
cing as 
Found. 


Granite  blocks  on  gravel  foundation 
Gravel  blocks  on  concrete  foundation 
Asphalt  on  concrete  foundation     .    . 
Vitrifled  brick  on  broken  stone  .    . 

Wood  without  coxMrete 

Cobble  without  concrete     ,    ,    ',        ' 
Macadam 


KSTMiHATB    OF    TRACK    JLAYIIVO    FOltClB 


-^— »       .mjjm.  M 

une  engineer,  1  rodman,  1  foreman  of  dlffirera  i  f/^i>4.»«o»  ^#  *      C^ 

to  caw  It  to  rtedred  to  proceed  more  rapidly,  the  above  number  of  men 
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I  engineer  and  n 


■hoHld  be  inoreaaad  proportlonMelT,  omltMiur  tl 

the»  liyo  will  bB  »ble  to  budle  kiit  ortini^  nambw  of "iiim  'n^TJ 
bow  widely  icucersd,  it  a  horse  and  buggy  la  placed  at  their  dIeiweaL 
Toola 


OtipoaaL 

-[,,  Ihe  ottBr  end  ohiMi-painted,  2  .pik;  claWTa™.  1  en^ne^i 
it«l  tap^  10  red  Un- 


„.„J.  10  9U 


li-painled,  3  ■) 
'a  caarldnf-pii] 


SAMKWAY    XITHirOlTTS. 

By  W.  E.  HarringtoQ,  B.  8. 


I,  I  BMBi   laps,    II 
bIa«koU,SsBla. 


sentedbTlhe  boi _  ., „. 

Upon  (he  Biplrtlinn  nf  ihe  time  of  In 
ran.    Tb1«  detnrmlnoo  the  loonB  of  Ihi 

e  reninlnfng  rnr>.    The  line  of  the  return  run  Is  repr 
Upon  tbf  nrrlTal  of  the  car  nt  the  orlgllial  termini 
-u.or  m  nve  minutes,  the  pvcle  of  tripe  will  be  repeated.    Dui 
IS  the  first  car  Is  mnnlng  !tj.  ronni  (rip  the  other  mro  are  leaTlngat 
tjrvals  of  IS  minutes,  as  reprewntwiby  the  lines  DE.  PG,  and  HI.  _Th. 


Lo*a«pn  of  BtrMt  Ballvaj 

.  tbe  car  has  to 
I  Is  represented 

tripe  wUrbe'repeated.    Duringtbe 


le  three  lines  Int 


le  line  Br  ii 


cated,  as  tbe  can 


a  glTen  number  of  can  iaoiM  1<M  than  tb* 
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!2.  The  time  ooiuamed  running  between  turnouts  must  be  the  tame 
l>etireen  all  the  turnouts.  For  instance,  if  It  is  found  necessary  to  irregu- 
larly locate  turnouts  for  any  reason,  then  the  time  consumed  bv  a  oar  run- 
ning between  these  two  turnouts  farthest  apart  determines  the  time  the 
cars  must  run  between  the  remaining  turnouts,  even  though  two  or  more  of 
tlie  turnouts  be  only  a  slight  fraction  of  the  distance  apart  of  the  two 
l^eater  ones. 

3.  The  time  consumed  ninning  between  two  consecutire  turnouts  Is  one- 
balf  the  runninjg  time  between  cars. 

For  determimng  the  distance  apart  of  turnouts  without  the  aid  of  graph- 
ical methods : 

RULK. — To  the  length  of  the  railway  from  terminus  to  terminus  add  the 
distance  a  car  would  travel  runnlng.at  the  same  rate  of  speed  as  running  on 
Uie  main  line,  for  the  time  of  lay-over  at  one  terminus.  Divide  the  above 
result  by  the  number  of  cars  desired  to  be  run,  the  result  is  the  distance 
between  turnouts.  Multiplv  this  latter  result  by  two  lees  than  the  number 
of  cars,  and  deduct  the  result  obtained  from  the  length  of  the  line  from  ter- 
minus to  terminus,  and  divide  by  two.  The  result  is  the  distance  from 
either  terminus  and  the  first  adjacent  turnout. 

To  operate  more  or  less  cars  on  a  railway  than  It  is  designed  for  is  a  ques- 
tion most  frequently  met  in  railway  practice. 

Bule  1  tells  us  that  we  must  have  one  turnout  less  than  the  number  of 
oars  running.  In  Fig.  1  we  have  four  cars  and  three  turnouts.  If  we  pro- 
pose running  three  oars  we  would  use  two  turnouts,  by  omitting  the  middle 
turnout.  The  result  Is  at  once  apparent :  for  according  to  Bule  2,  the  time 
to  run  between  turnouts  is  determined  oy  the  time  consumed  in  running 
between  those  two  turnouts  farthest  apart.  Since  the  diatauce  is  doubled, 
the  time  consumed  is  doubled.  Where  with  four  cars,  with  fifteen  minutes 
between  cars,  and  sixty  minutes  for  the  round  trip,  with  three  cars  the  time 
between  oars  as  by  Kule  2  is  thirty  minutes,  and  the  time  of  round  trip  is 
ninety  minutes,  making  at  once  a  very  pronounced  loss. 

The  better  plan,  ana  the  one  usually  pursued  by  railway  manasers,  is  to 
run  the  lesser  number  of  cars  on  the  same  trip  time  as  the  raflwav  was 
designed  for.  In  our  example  above,  the  three  cars  would  be  run  as  if  the 
four  cars  were  runnins.  with  the  exception  that  the  space  which  the  car 
should  be  running  in  will  be  omitted,  leaving  an  interval  between  two  of 
the  cars  of  thirty  minutes,  giving  only  the  loss  occasioned  by  the  omission 
of  one  car. 

Another  method  to  pursue,  especially  so  where  additional  cars  will  be 
run  at  times,  such  as  holidays,  excursions,  and  other  times  of  travel  requir- 
ing more  than  the  regular  number  of  cars  to  accommodate  the  travel,  is  to 
provide  and  locate  more  turnouts.  The  expense  of  doubling  the  number  of 
turnouts,  while  they  would  be  a  great  convenience,  would  not  be  warranted 
without  the  railway  were  doing  a  large  and  growing  business,  with  a  fluctu- 
ating number  of  cars  In  service.    Two  cases  should^e  considered. 

First —  If  a  certain  fixed  number  of  cars  are  to  be  operated  for  the  greater 
portion  of  time  and  the  extra  cars  for  odd  and  infrequent  intervals,  locate 
the  turnouts  to  suit  the  r^ular  business. 

Second  —  In  the  case  of  a  railway  running  an  irregular  number  of  cars  — 
for  instance,  a  railway  running  a  heavy  bnsinegs  at  certain  times  of  the  day 
—as  the  lesser  number  of  cars  are  subordinate  to  the  greater  number, 
locate  the  turnouts  to  run  the  greater  number  of  cars  the  most  efficiently. 

In  eonclusion,  we  might  state  that  the  grades,  the  running  through 
crowded  business  streets.  sto|}paffee  occasion^  by  grade  railroad  crossings, 
and  varying  business,  all  enter  m  and  must  be  considered  while  designing. 
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aiM«]!irAXl.MlVC». 

By  Charubb    F.  Hopbwbll,  S3. 

Blook  BignaUmg  on  single-track  railway  accomplishea  two  purpoMs, 
namely,  that  of  ensuring  safety  and<rf  obviating  delays  in  traffic  neoosmtatad 
by  care  always  meeting  at  predetermined  turnouts. 

Electric  Railway  Signal  Ssrstems  have  three  iKMitions  of  signal  display, 
vii.:  normal;  safety,  indicated  by  green;  danger,  indicated  by  red.  The  red 
signal  is  at  the  leaving  end  of  a  olock  and  the  green  sigiud  operating  in 
unison  with  it  is  at  the  entering  end  of  the  block.  Were  it  not  so,  a  ear 
entering  a  block  could  not  determine  if  it  set  a  danger  ngpal  or  the  same 
was  set  by  another  oar  entering  from  the  other  end.    Tliis  requires  the 
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Fig.  2. 


normal  position  of  signalling  to  be  when  no  oar  is  In  the  block.  A  motorman 
of  a  car  approaching  a  block  may  have  one  of  three  indications  signalled 
to  it:  No  distinctive  signal  or  li^t,  indicating  that  the  block  is  dear;  a 
green  signal  indicating  that  a  car  has  entered  Uie  block  proceeding  in  the 
same  general  direction  as  the  observing  car,  and  a  red  sigxud  indicatmg  that 
a  car  has  entered  the  block  from  the  (&tant  end  and  is  coming  towards  the 
observer. 

There  are  three  distinctive  methods  of  blocking  a  single  track  for  operating 
in  both  directions.  These  are  represented  m  Fig.  2.  Tyjte  A  showa 
the  trolley  switches  which  operate  the  signalling  mechanisms  located  at 
each  end  of  the  section  between  turnouts  or  double  tracks.  Tlie  BijEoal 
boxes  are  set  one  pole  stretch  in  advance  of  the  trolley  switches.  This 
tsrpe  reciuires  two  differentiating  double-acting  troUev  switches  per  block. 
A  condition  sometimes  happens  that  a  oar  has  a  rea  or  duiger  signal  set 
against  it  just  before  it  passes  under  a  trolley  switch,  due  to  a  oar  entering 
the  blook  from  the  distant  end.  Under  this  condition  the  ear  could  not  be 
stopped  before  it  had  passed  under  the  switch.  It  wiU.  therefore,  be  neces- 
saiy  that  when  the  oar  backs  out  it  must  have  its  trolley  puUed  down,  and 
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eoAsta  under  the  switch,  othwwiae  it  would  restore  the  signal  set  by  the 
oar  already  in  the  block. 

Type  B,  —  In  this  tvpe  the  trolley  switches  are  located  on  the  double 
tracKs  or  turnouts.  These  switches  are  single  acting  and  will  only  set  or 
restore  the  signal  as  arranged  for.  This  type  requires  four  switches  per 
blockt  but  has  the  advantage  that  a  car  can  pass  under  the  switch  in  the 
reverse  direction  without  restoring  the  sif^nal.  It  requires  that  the  can 
shall  take  the  turnouts  in  one  fixed  direction. 

Tvpe  C  represents  a  combination  of  TVpe  A  and  Type  B.  and  oan  be 
usea  to  meet  special  conditions  of  road  and  travel. 

TMe  Itcqulreaiemte  of  a  Aicmal  fkjmtmmk  mrm  mm  f«ll«wei 

Mechanical  and  electrical  simplicity  of  all  signal  movements  and  appliances 
Must  be  automatic,  non-interfering  and  interlocking; 
Must  be  incapable  ci  wrong  indications  under  any  of  the  following  men- 
tioned conditions,  and  must  not  permit  restoring  to  normal  except  under 

normal  conditions  of  operation,  otherwise  it  could  be  set  or  reversed  by 

another  car  entering  the  block. 

Loes  of  current  on  signal  Unes. 

Cross  of  signal  lines. 

Grotmd  on  the  setting  signal  lines  or  on  the  restoring  signal  lines. 

CrooB  with  the  trolle;^  wire  between  the  setting  or  restoring  signal  lines. 

If  the  sisnal  is  set  m  one  direction  and  the  line  then  opened,  it  must  be 
incapable  of  being  set  from  the  other  direotimi,  i.e.,  the  sij^ial  must  be 
interlocking 

If  a  car  should  run  under  a  trolley  switch  when  the  signal  is  set  against  it, 
it  must  not  restore  the  sii^l,  i.e.,  it  must  be  non-interfering. 

It  should  employ  as  few  wires  as  possible. 

It  must  be  impossible  to  get  two  safety  signals  should  ears  operate  the 
switches  at  each  end  simultaneously.  In  this  case  both  signal  move- 
ments would  set,  and  it  is  desirable  that  they  may  be  automatically 
restored  by  the  car  leaving  the  block  without  being  required  to  be  manually 


The  installation  of  an  electric  railroad  signal  requires  at  each  end  of  a 
block  which  passes  cars  in  both  directions  the  following,  with  the  necessary 
connections. 
A  jngnal  movement  and  a  lighting  and  extinguishing  switch. 

Thie  wires  reauired  are  these: 
A  lighting  switch  wire  from  same  to  signal  box. 
An  extinguishing  switch  wire  from  same  to  signal  box. 
The  sieoal  line  wires. 
GSenerally  a  lighting  and  an  extinguishing  signal  line  wire  running  between 

the  sitbial  boxes  at  each  end  of  the  block. 
A  ground  connection  between  signal  movement  and  rail. 
A  permanent  feed  connection  betwem  signal  movement  and  trolley. 
A  Og^tning  arrester  should  be  attached  to  the  permanent  feed  wire  and  one 

each  to  the  signal  line  wires. 
It  should  be  remembered  that  the  trolley  is  connected  to  the  ipxjund  when- 
ever the  signal  is  set  and  thus  a  path  of  low  resistance  and  mductance  is 
Srovided  for  any  li^tning  discharge  which  may  take  place  on  the  trolley 
nes. 

The  above  is  based  upon  the  signal  systems  that  are  in  practical  operation 
to-day  on  trolley  roads,  and  does  not  apply  to  systems  as  used  upon  elevated 
railroads.  The  latter  are  operated  by  track  instruments  and  give  only 
dear  and  danger  indications. 

The  manual  system  consists  8imT>ly  of  a  group  of  lamps  at  each  end  of  a 
block,  and  a  switch  to  light  and  extinguish  we  same.  This  system  operates 
in  a  manner  similar  to  ibe  automatic  system  referred  to  in  the  first  part  of 
this  article  but  requires  the  stoppage  of  the  car  to  set  the  same  or  to  restore 
the  signal,  and  in  practice  it  has  been  found  that  the  signal  has  at  times  been 
tampered  with  by  people  who  are  able  to  reach  the  switches  which  are 
located  on  poles  alongside  the  track. 

The  troDey  switches  in  use  are  of  two  types.  One  consists  of  a  parallel 
way  uixm  which  the  trolley  runs  and  in  so  aoing  connects  the  two  sides  of 
the  switoh.  One  side  is  permanently  connectra  to  the  trolley  wire  and 
the  other  to  the  signal  movement.    This  switch  will  not  differentiate  in 
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cKreotion  and  muat  therofore  be  placed  upon  turnouts  and  not  upon  the 
main  Une. 

The  other  tybe  is  a  meohanioally  operated  switch  which  has  a  pendant 
lever  hanging  down  and  straddling  the  trolley  wire.  The  trolley  wheel 
strikes  this  and  moves  it  In  the  direction  in  which  the  car  is  gping.  As  the 
pendant  arm  is  about  four  inches  lone  it  remains  in  contact  with  the  trolley 
whed  only  about  one-fifth  of  a  second  for  a  car  speed  of  a  mile  per  hour  and 
proportionally  less  for  higher  speeds.  This  requires  that  all  switches  have 
a  retarding  device  to  keep  the  contacts  closed  longer  than  would  the  trolley 
whed.  The  most  common  switches  to-day  use  a  pallet  and  whed  escape- 
ment as  retarding  devices. 


mock  Aff»al. 

The  following  description  of  the  Block  Signal  System  made  by  the  Uni 
Sipukl  Co.  of  Boston,  Mass.,  is  illustrative  of  what  such  a  signal  must  accom* 
plish.  Fig.  3  shows  the  wiring  for  a  complete  block  and  Fig.  4  the  detail 
wiring  at  eaeh  end  of  the  block. 

The  signal  movement  consists  of  iron  back  plate  upon  which  are  mounted 
three  magnets  known  respectively  as  the  lighting  magnet,  extinguishing 
ma^et,  and  locking  maipet.  The  first  two  mentioned  are  of  70  ohms 
resistance  while  the  third  is  of  10  ohms  resistance.  The  magnets  are  of  the 
well  known  semaphore  type.  The  lighting  and  extinguishing  msjsnets  have 
notched  iron  cores  in  which  loosely  play  one  arm  of  a  switching  lever. 
In  the  extinguishing  magnet  there  is  also  an  additional  magnet  core  ¥^ob 
when  down  closes  a  pair  of  contacts.  The  other  two  contacts  are  shown 
in  Fig.  4  directly  above  the  large  magnets  and  are  circular  contact  discs 
loosMy  mountea  upon  a  rod  between  stops.  These  rods  rest  directly  upon 
the  magnet  cores  and  are  moved  to  open  or  dose  the  contacts  as  the  move- 
ment operates.  The  armature  of  the  lockin|;  magnet  is  attached  directly 
to  the  rod  over  the  extinguishing  magnet  and  is  so  adjusted  that  it  is  against 
its  seat  when  that  contact  is  made  and  the  rod  in  its  lowest  position.  The 
lamps  are  erf  110  volts  and  one-half  ampere  and  the  resistance  plate  of  600 
ohms  is  deariy  shown. 

The  operation  of  the  signal  b  as  follows,  and  can  be  seen  by  reference  to 
FifcS. 

When  a  car  enters  a  block  it  causes  current  to  pass  from  the  trolley  wire 
through  the  lightinjs  magnet  and  resistance  plate  to  ground  at  that  end. 
This  causes  the  switch  lever  to  be  thrown  over  to  the  left  hand  contact, 
thus  causing  current  to  be  taken  from  the  leaving  end  of  the  block,  passing 
through  the  red  lamp,  looking  magnet  at  that  end,  and  then  through  the 
lighting  signal  line  to  the  entering  end«  where  it  tmverses  the  green  lamp 
and  resistance  plate  to  ground. 

To  extinguish  the  signal,  current  is  taken  from  the  trolley  at  the  leaving 
end  of  the  block  through  the  exting^uishinK  magnet  at  that  end,  thence 
through  extinguishing  line  to  the  entering  end  and  through  the  extinguishing 
Ruupet  at  that  end  to  ground  through  the  resistance  plate.  It  mi^t  appear 
at  first  sight  that  there  would  be  current  through  both  magnets  at  the  enter- 
ing end,  and  under  such  condition  impossible  for  the  switch  lever  to  be 
restored  to  its  normal  position.  Examination,  however,  will  show  that 
as  soon  as  currant  is  established  in  the  extinguishing  circuit  the  sravity 
armatures,  so  called,  at  their  lower  end,  are  raised,  and  the  one  in  the  leaving 
end  of  the  block  cuts  off  the  current  of  the  lighting  magnet  in  the  entering 
box,  thereby  allowing  the  extinguishing  magnet  in  Uiat  box  to  operate.^  B^ 
taking  the  permanent  feed  from  the  leaving  end  and  also  opening  that  cireuit 
at  that  end,  it  will  be  apparent  that  grounds  on  the  lighting  line  will  not 
prevent  the  restoration  of  .the  signal.  A  cross  between  the  signal  lines  will 
not  restore  the  signal,  but  will  extinguish  the  green  signal,  which  will, 
however,  relight  as  soon  as  the  cross  is  removed.  Grounds  on  dther  lines 
will  not  restore  the  signal  when  set.  Ground  over  1500  ohms  resistance  will 
not  affect  the  operation  of  the  signal  even  if  on  both  signal  lines  at  the  same 
time.  This  is  equivalent  to  ^  ampere  leak  while  the  normal  current  in  the 
signal  oireuit  is  only  i  ampere.    Loss  of  current  will  not  restore  the  signal 
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when  set  and  when  the  current  U  returned  the  signal  will  indicate  the  same 
aa  before. 

Should  the  lighting  circuit  be  open  after  the  signal  is  set,  for  instance  by  a 
lamp  being  burned  out,  and  another  car  at  distant  end  should  enter  the 
block,  it  will  be  seen  by  Fig.  3  that  the  switch  lever  in  that  signal  move- 
ment at  that  end  would  be  thrown  over  to  the  left-hand  contact  as  in  the 
box  shown  at  the  left  hand,  the  result  being  that  the  permanent  feed  is  cut 
off  at  both  ends  and  no  signal  is  obtained.  Lack  of  green  signal  on  entering 
is  oonstnied  as  a  danger  or  cautionarv  signal. 

Suppose  that  a  car  should  pass  under  the  lighting  switch  at  the  red  laxnp 
end  of  a  block,  as  represented  by  the  movement  at  the  right  hand  side 
of  Fig.  3,  it  will  be  seen  that  current  will  be  taken  through  the  lii^tinjg 
magnet  at  that  end  and  thence  through  the  resistance  plate  to  ground.    This 
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Fig.  3. 


would  tend  to  move  the  lever  or  switch  arm  over  to  the  left  hand  contact, 
and  thus  put  out  the  signal  were  it  not  for  the  locking  magnet  whose  sole 
function  Is  to  prevent  this  movement.  As  soon  as  the  lighting  circuit  has 
been  established  the  locking  magnet  at  the  red  end  is  energised  and  its  core 
beinc  against  its  seat  at  that  time  it  is  held  there.  To  the  core  is  attadied 
a  tau  rod  at  the  other  end  of  which  is  one  of  the  contact  discs  mentioned 
before.  This  tail  rod  pressing  against  the  lever  arm  prevents  the  lighting 
magnet  from  operating  it.  It  will  be  noted  that  the  locking  magnet  is 
instantaneous  as  it  has  no  moving  part  to  operate  before  locking,  and  on 
account  <A  its  closed  ma^etic  circuit  is  more  powerful  than  the  lifting 
magnet,  whose  armature  is  retracted  at  that  time,  and  has  a  large  air  gap 
»  euroiut.    The  signal  thus  is  made  non-interfering. 
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IMstrlbvtod  B^fmml  Block  Mjutmm. 


(Developed  by  R.  D.  Slawson,  Eleotrical  Engmeer  of  EutoB  Transit  Co.) 

This  is  a  mannal  system,  and  is  used  by  the  Easton  Transit  Company  on 
the  Easton,  Flahner  and  Bethldiem  division,  and  differs  from  others  in  having 
the  signals  distributed  along  the  line  between  turnouts.  There  are  two  sets 
of  signals,  one  being  used  for  out-bound  and  one  for  return  oars.  The  signal 
lamps  are  enoloeed  in  aalvanised  iron  boxes,  attached  to  poles  along  the 
line.  Signal  poles  are  also  painted  with  two  12  inch  bands  of  white,  and  a 
band  of  either  red  or  green,  as  the  case  may  be.  Switches  are  located  at 
each  end  of  the  turnouts  on  poles  and  the  covers  are  marked  '*  Throw  on  " 


Trolley  Wire 


Fia.  6.    Diagram  of  Connections  of  Slawson's  Distribnted  Signal  Block 

System  for  Singl»-Track  RaQways. 


and  ^ Throw  off,'*  and  each  conductor  is  responsible  for  maintaining  his  own 
rig^i  of  way. 

No.  14  insulated  iron  wire  is  used  for  the  signal  circuits.  Id  e.p.  110 
volt  lamps  are  used  for  signals,  and  as  the  signal  boxes  are  triangular,  the 
lamp  can  be  seen  from  almost  any  position. 

Tlie  red  lamps  are  used  for  out-bound,  and  the  green  for  return  cars. 
The  operation  of  the  system  is  as  follows:     The  conductor  of  a  oar  leaving 
a    terminal    out-botmd,    first    throws    the    switch  marked 
"Throw  on."    This  lights  the  five  lamps  in  the  red  boxes  in 
the  section  ahead  of  him,  and  he  proceeds  to  the  first  turn- 
out, and,  if  there  is  no  green  lamp  burning  at  that  place,  he 
throws  off  the  red  signius  behind  and  sets  the  red  lights  in 
the  section  ahead. 
fL  1 1  Jf^       If  a  lamp  should  bum  out  while  the  car  is  running  be- 
«^  i  1 V^    tween  turnouts,  warning  of  the  fact  is  given  by  the  absence 
of  the  red  ligh^  and  by  watching  the  green  signals  the  motor- 
num  can  Idrwnen  a  car  is  coming  in  the  opposite  direction. 

If  the  out-bound  car,  coming  to  a  turnout,  finds  the  red 

signal  burning  for  the  section  anead,  showing  that  the  section 

is  occupied  by  a  oar  ^ing  in  the  same  direction,  it  must 

wait  untfl  the  section  is  cleared  by  the  car  ahead. 

Fio.  &  Xhe  signals  may  thea  be  reset,  and  the  car  can  proceed. 

Switeh  Used.  Should  a  crew  find  that  they  are  unable  to  light  the  red 

signals,  they  may  use  the  reverse,  or  sreen  signal,  to  the  next 

turnout.     On  the  return  the  green  signals  are  used  in  the  same  manner  as 

described  above  for  the  red  signals  and  an  out-bound  car. 

If  aiipial  switch  boxes  are  placed  about  a  car's  length  outside  of  the  ends 
of  turnouts,  cars  will  always  approach  at  slow  speed,  which  is  quite  desirable 
m  running  into  a  turnout. 
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mmKKMJL'ana  ov  oosv  to  prodvcb  oira  tkeem  or 

lM>171BIiB  TRACK  OVEItHEAI»  TROMil^Y 
GOUMTRlJCTIOlf  f  Olt  CITY  ATIUSETA. 

(Report  of  Bion  J.  Arnold,  November,  1002.) 

100  Iron  poles,  let  in  oonorete,  at  928                    $2,800.00 

50  4-pin  iron  cross  arms,  with  pin«  and  ins.,  at  S3. 05  .     .     .  107.60 

100  Small  Brooklyn  insulaton  for  spans,  at  60o. 50.00 

100  Globe  strain  insulators  for  spans,  at  22o 22.00 

00  Straight  line  hangers,  at  32io 20.25 

10  Feed-in  hangers,  at  50c 5.00 

140  Soldered  0-inch  ears,  at  16c 22.40 

12  Live  cross-overs  (estimated),  at  S3 36.00 

8  Insulated  cross-overs  (estimated),  at  $6 48.00 

8  2-way  frogs  (estimated),  at  S3 24. 00 

3000  Feet  5-16  inch  galv.  strand  wire  for  spans,  at  SIO  per  M.  30.00 

6  Strain  plates  (strain  layout),  at  32c 1.02 

12  Small  Brooklyn  (strain  layout)  at  50c 6.00 

12  Globe  insulators  (strain  layout)  at  22c 2.64 

1500  Feet  i-inch  galv.  strand  wire  (strain  layout),  at  S7 .  25  per  M .  10 .  88 

20  Double  hangers  (2  double  curve  layouts),  at  44c.   ...  8.80 

20  Single  hangers  (2  double  curve  layouts),  at  35o.     ...  7.00 

1000  Feet  i-inch  strand  wire  (2  double  curve  layouts),  at  S-725  per  M .     7 . 25 

4  Heavy  Brooklyn  (2  double  curve  layouts),  at  70c.  2.80 

10560  Feet  2-0  trolley  wire,  4246  pounds,  at  13 ic 562.50 

2  00  splicing  ears,  at  50c 1.00 

Labor,  placing  spans,  trolleys,  etc 225.00 

Total  cost  exclusive  of  feeder  wire S4,100.03 

Coet  of  feeder  wire  estimated  average  per  mile 4,000.00 


S8,100.03 


•TAJrOAUl  mOH  or  STSKIi  TVJBVIiAJt  POIAA. 

Tubular  poles  for  electric  railway  lines  are  made  up  of  the  regular  pipe 
sections,  both  standard  and  extra  heavy. 
The  combinations  in  conomon  use  are : 

Pole  made  of  standard  tubins. 

Pdle  made  of  extra  heavy  tubing. 

Pole  made  with  bottom  section  of  extra  heavy  tubing,  and  other  sections  of 

standard  weight. 
Pole  made  with  bottom  and  middle  sections  of  extra  heavy  tubing,  other 

sections  of  standard  weight. 

Standard  lengths  are  28  feet  end  to  end  for  side  or  line  poles,  and  80  feet 
for  comer  or  strain  poles.  The  standard  joint  insertion  is  18  inches,  and 
total  weifliits  can  be  calculated  from  r^nuar  standard  pipe  list  (see  pages 
142^1427).  Two  section  poles  are  most  commonly  made  up  of  6  and  5  and 
7  and  6  inch-pipe,  for  side  or  line  poles;  and  8  and  7  inch  pipe  for  comer  or 
strain  poles. 

Three  section  poles  are  6  and  5  and  4  or  7  and  6  and  5-mch  pipe  for  side 
or  line  and  8  ana  7  and  6-inch  for  comer  and  strain  xwles. 
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UnaJaid  pale  lAmm  CmatrvctlsM. 

Par  moatnrlwn  and  kll  Intsmrbiui  or  tubnrbiui  IlnM,  wnodan  poles  u« 
med.  miiJ  are  either  ocUgon  or  shaiad.     Tbe  followlnB  «ati  >how  eoDimoa 


DOUBLE   TBACK   CENTER    POLE   CONSTRUCTION.     631 


ElMtHo  nwili  one  k  grflstor  dlitane*  batwesD  tnek  centsra  tliudoat«Bm 
route,  heuee  Hmlttlng  oonMr  pole  otiiulriiotioD.  with  Ish  cod  par  mlla 
tbaD  would  bs  the  eateit  double  pole  bruket  or  cro*B  ■UBpenalon  oonatrao- 
tloii  w«r*  ued,  although  tba  latter  is  ortvn  iireferred. 


Pis.  t,    Trplokl  Center  Pol*  Coutruotlon. 
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m    UOH    OR    ATEKIi 

By  Morris,  Tasker,  it  Co.  (Inc.). 


Size. 

Wrought  Iron  or 
Steel. 

Length. 

Weight. 

No.  1,  light  . 
No.  I,  heavy 
No.  2,  light  .    . 
No.  2,  heavy     . 
No.  3,  light  .    . 
No.  3,  heavy 
No.4,Ught   . 
No.  4,  heavy 

5  in.,  4  in.,  3  in. 

5  in.,  4  in.,  3  in. 

6  in.,  5  in.,  4  in. 

6  in.,  5  in.,  4  in. 

7  in.,  6  in.,  5  in. 

7  in.,  6  in.,  5  in. 

8  in.,  7  in.,  6  in. 
8  in.,  7  in.,  6  in. 

27  ft. 

27  ft 

28  ft. 
28  ft. 

soft. 

30  ft. 
30  ft. 
30  ft. 

360  Ibe. 

600  lbs. 

475  lU. 

700  lbs. 

600  Ibi. 
lOOUlbe. 

826  Ibe. 
1300  Ibe. 

IMai«MsloMa   amd  ^fVetgrlits  IVroag-lii-Iroift  aad  Steel  Poles* 


Length. 

Diameter. 

Weights. 

27  ft. 
38  ft. 
80  ft. 
30  ft. 

28  ft. 
80  ft. 

6  in.,  4  in.,  3  in. 
6  in.,  5  in.,  4  in. 

6  in.,  6  in.,  4  in. 

7  in.,  6  in.,  6  In. 

8  in.,  7  in.,  6  in. 
8  in.,  7  in.,  6  in. 

360  IbB.  to  516  lbs. 
4751bfl.  to   725  lbs. 
610  IbB.  to   775  lbs. 
000  Ibfl.  to  1000  IbB. 
776  IbB.  to  1280  IbB. 
825  lbs.  to  1360  IbB. 

Cable  Cemteiftte  of  ^IToodlem  Poles,  lit  Veet« 


Length. 

Diameter. 

• 

Section. 

Cubic  Feet. 

27  ft. 

6  in.  X    8  in. 

Circular 

7.38 

27  ft. 

7  in.  X    9  in. 

Circular 

9.56 

27  ft. 

7  in.  X    9  in. 

Octagonal 

10.1 

28  ft. 

7  in.  X    9  in. 

Circular 

9.92 

28  ft. 

7  in.  X    9  in. 

Octagonal 

10.46 

28  ft. 

8  in.  X  10  in. 

Circular 

12.62 

28  ft. 

8  in.  X  10  in. 

Octagonal 
Circular 

13.2 

30  ft. 

7  in.  X    9  in. 

10.63 

30  ft. 

7  in.  X    9  in. 

Octagonal 

11.21 

30  ft. 

8  in.  X  10  in. 

Circular 

13.41 

30  ft. 

8  in.  X  10  in. 

Octagonal 

14.15 

aoft. 

9  in«  X  12  in. 

Octagonid 

19.06 

Itake  of  Poles. 

Wooden  poles  should  be  given  a  rake  of  9  to  18  inches  away  from  the 
street.  Lron  or  steel  poles  set  In  concrete  need  be  given  but  6  to  9  inches 
rake.  Comer  poles,  and  those  supporting  curves,  should  bo  given  addlttonai 
rake  or  be  securely  guyed. 
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Spwn  IFFIrcA  should  be  stranded  galvanised  iron  or  steal,  sises  i  inch 
diameter  A<  jb  ^'  i  ^'^^^  according  to  the  weight  of  trolley  wire,  etc.,  to  be 
supported.  Where  wooden  poles  are  used  it  is  not  neoeesary  to  provide 
other  insulation  for  the  span  wire,  and  the  wire  can  be  secured  to  the  loop 
<rf  an  eye>bolt  that  is  long  enough  to  pass  through  the  pole  at  a  point  from 
twelve  to  eighteen  inches  oelow  the  top,  and  that  has  a  long  thread  to  allow 
taking  up  sUusk.  Where  metal  poles  are  used  it  is  necessary  to  insulate  the 
span  wire  from  the  pole.  This  has  been  done  in  some  cases  by  inserting  a 
long  wooden  j;>lug  in  the  top  of  tubular  poles,  capping  it  with  iron,  the  wooden 
plug  then  bemg  provided  with  the  regular  eye>bolt.  The  most  modem  way 
18  to  provide  a  good  anchor  bolt  or  clasp  on  the  pole,  then  insert  between 
the  sipan  wire  and  this  bolt  one  of  the  numerous  forms  of  line  or  circuit- 
breaking  insulators  devised  for  the  puri>ose.  If  the  anchor  bolt  is  not  made 
for  talcing  up  slack,  the  insulating  device  can  be  so  designed  as  to  be  used 
as  a  tumbuckle.  Of  course  insulation  must  be  provided  for  both  ends  of 
the  span  wire. 

Span  wire  must  be  pulled  taut  when  erected  so  that  the  sag  under  load  will 
be  a  minimum.  Height  above  rail  surface  should  be  at  least  18  feet  after 
the  trolley  wires  are  in  place.  This  height  is  regulated  by  statute  hi  some 
states,  and  runs  all  the  way  from  18  to  21  feet. 

M«e  Srackeie,  —  Along  country  roads  and  in  such  places  as  the  track 
is  alon^  the  side  of  the  roadway  or  street,  it  is  customary  to  use  single  poles 
with  side  brackets  to  support  the  trolley  wire. 

Where  side  brackets  are  used  it  is  not  safe  to  place  the  pole  less  than  four 
feet  away  from  the  nearest  rail,  and  to  give  flexibility  to  the  stranded  sup- 


10.    Single  Suspension. 
For  Wood  Poles. 


porting  wire;,  now  alwurs  provided  for  the  trollesr  wire,  the  bracket  should 
be  lonjg  enough  to  reach  the  distant  rail,  thus  giving  a  little  more  than  two 
feet  ot  cable  for  flexibility.,    A  oonmion  leng^  of  bracket  is  9  feet. 

Figures  10  and  12  show  the  simple  form  of  side  bracket  in  most  general 
use,  and  Fi0B.  11  and  13  show  variations  of  the  same.  It  is  obvious  that  this 
method  of  support  may  be  made  as  elaborate  and  ornamental  as  may  be 
desired. 

On  double-track  roads  eerUer-pole  construction  is  sometimes  used,  in  which 
poles  are  placed  along  the  center  line  between  the  two  traeksLana  brackets 
are  erected  on  each  side  of  the  poles  overhan^ng  the  tracks.  Where  wooden 
poles  are  used  a  good  form  of  construction  is  to  bore  the  pole  at  the  proper 
height  and  run  through  it  the  tube  for  the  arms,  this  long  tube  being  propmy 
staved  on  both  sides  of  the  pole  by  irons  from  the  pole-top  to  the  bracket 
ends,  or  by  braces  against  the  pole.  The  trolley  supporting  wire  can  extend 
from  end  to  end  of  the  brackets  throvoh  the  pole,  or  can  be  cut  at  the 
pole,  avd  eye-bolts  be  used,  as  in  the  side-bracset  oonstruotion  «hown  by 
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Fig.  11.    Single  Suspension. 
For  Wood  Poles* 


Fio.  12      Single  Suspension. 
For  Iron  Poles. 


Fzo.  13.     Single  Suspension. 
For  Iron  Poles. 
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FicnnB  14  and  15  illuotrate  nrnple  ionaa  of  o«otfer-pole  bntokete. 


Fio.  14.    Double  Suspannon.    For  Wood  Poles. 

Ceoter-pole  oonstruetion  ia  quite  often  used  on  boulevards  in  cities,  where 
the  brackets  and  poles  can  be  made  quite  ornamental. 


Fio.  15.    Double  Suspension.    For  Iron  Poles. 


XlftOULKir  WMRK   •VSJPKlfSIOS. 


TIm  support  of  the  trolley  wire  along  straight  lines  is 
a  simile  matter  and  needs  no  explanation;  at  curves 
and  ends  there  have  been  some  simple  forma  developed 
in  practice  that  are  bandy  to  have  at  hand.  Following 
are  some  of  the  points: 

TemfttBttl    aackoniir**  —  Single  track.     See 


Fig.  16. 

KitBe  •Bchomc**  —  See  Figs.  17  and  18.  To  be 
placed  at  the  foot  of  all  grades,  at  the  top  of  failli, 
and  at  tangents,  three  (3)  per  mile  is  good  practice; 
where  curves  are  frequent  they  will  afford  all  the 
anchorage  necessary. 


Fio.  16. 


^E 


Tto.  17.    Single  Traek. 


Fzo.  18.    Double  Track. 
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ubIoh  fur  d1 


ns.  le.    simple  Rlght-Migh 


FiO.  n.    SlnglsTnek,  Obtius  Ansl*. 


Fio.n.    I>osblBTr«k,Blglit4iigI( 
Tain,  Croa*  Biuponiion. 


._.  „.     DoDbla  TriKk,  Rlght- 
uigle  Tarn,  OanUr  Pola. 


TBOLLET   THRE   8U8PBNBIUN. 


PlS.».    Single  Tnek  CroMlDt, 
CroM  Biupemlaa. 


Cf— «IWK«.  BmarmmM»m,  «ad  eafi.  —  Simpis  groHlnn  of  (rkofcl 
mkk*  no  oompUotktlon  in  th«  nupeusloo  oE  tha  trolley  irlra.  whea  outtm 
an  addad  to  eounact  one  Inck  with  ths  oCfau.  oompllcaUona  bwln,  and 
vhara  doDbl*  traaka  otom  doable  trankj,  and  aaih  ti  aonnHted  to  tha  otber 
br  Bnma  each  m;,  (bs  netwark  of  trolley  wIfm  b*co>D«Tery  norDpllaatad. 
AI»T«  ara  gkatohes  of  a  eoDple  of  ilmpla  orosalngi  wbloli  will  cUarl} 
•uongh  lUmtrM*  tbe  metboda  of  iiupenaloD  aommonly  tuod. 


Wbera  troltejr  vlrM  are  need  In  clUaa 
othar  oTSrheadoindiwIon  It  able  to  fall 
an  to  place  (oard  «lr«a  parallel  vith  b 
is  (he  abora  aketah.    A  pleoe  of  So. 
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wire  Ib  drawn  tant  above  the  regular  suspension  wire ;  porcelain  insulaton 
are  secured  to  the  same  at  a  point  about  a  foot  or  18  inches  either  side  of  the 
trolley  wire,  and  through  these  insulators  is  threaded  and  tied  a  No.  10  g»l~ 
ranized  iron  Mre.  This  guard  should  be  broken  at  least  erery  half-mile 
where  it  is  in  any  great  length,  as  it  is  not  advisable  to  hare  it  a  continuous 
conductor  for  any  great  distance,  and  it  is  advisable  to  avoid  its  use  where- 
ever  possible. 


CATKITAXiT  VROULKT  GOMSTIftlJCTlOir  VOIR 
Ai:.TSIftirAX]JI«  CVRmSM V  nAUi^TAYS. 

Ah»iract  of  (7.  B,  Cb.  BuXleHn^  Nov.,  1907. 

■ 

The  radical  departure  in  Uie  design  of  trolley  line  construction  made 
necessary  by  Uie  advent  of  high  tension  alternating  current  distribution 
for  electric  railway  operation  nas  resulted  in  the  catenary  system  of  line 
construction,  which  while  providing  ample  insulation  surface  for  the  high- 
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Fio.  37. 


est  potentials  used  or  contemplated,  also  incidentally  affords  marked  me- 
ohanical  improvement  which  is  important  with  the  high  speeds  of  modem 
suburban  and  interurban  operation,  and  steam  railroad  electrification. 

The  catenary  system  which  Is  equally  applicable  to  bracket  or  cross  spaa 
eonstruction,  eooislstB  essentially  of  an  arrangement  of  a  slack  messenger 
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«able  and  suitable  bangera  so  distributed  as  to  maintain  tbe  trolley  wire 
praotically  wlthoat  sag  between  suspension  points,  or  to  limit  tbe  sag  as 
mar  be  necessary  tor  Tarious  conditions  of  operation. 

Ae  blow  of  a  collector  passing  suspension  points  at  bigb  speed  is  thus 
greatly  reduced.  Tbe  shorter  d^tance  between  bansers  necessitates  less 
stress  in  the  trolley  wire  and  reduces  danger  of  break  In  the  line. 

The  catenary  system,  therefore,  offers  tbe  mechanical  advantages  of  a 
longer  pole  spacing  ana  a  flatter  trolley  wire,  and  a  flexibility  in  the  line 
whfob  obriates  the  hammer  blow  of  the  collector  at  suspension  points,  and 
redodas  danger  of  mechanical  breakage. 

Tke  three-point  suspension  in,  which,  with  150  ft.  pole  spacing,  the 
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Fig.  28. 


haoMTs  are  BO  ft.  apart,  has  been  found  ample  to  maintain  a  suiflciently 
lerel  trolley  wire  for  operation  with  wheel  collector  at  speeds  up  to  sizty- 
flre  miles  per  hour.  A  new  element  is,  however,  introduced  by  tbe  sliding 
pantograph  or  bow  trolley  which,  on  account  of  its  great  inertia,  requires 
a  closer  spacing  of  the  trolley  support. 

Fig.  27  shows  comparative  curves  of  time  required  for  vertical  vibration 
of  wheel  and  pantograph  trolley  respectively.  It  has  been  found  that  an 
eleven-point  suspension  renders  tbe  trolley  wire  sufficiently  level  for  the 
relatively  slaggfsb  action  of  tbe  pantograph  collector.  This  brings  the 
bangers  13.6  feet  apart,  and  for  all  operative  conditions  with  sliding  collec- 
tors the  eleven-point  suspension  is  recommended. 

Fig.  28  shows  the  eifect  of  temperature  variation  on  sag  and  stress  in 
troller  ''Ira  ^^  ^'^  three-point  construction. 
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•toel  Atnuid. 

Common  galvanized  strand  Is  not  recommended  for  any  pnrpoae  in  cate 
nary  construction,  and  whererer  steel  strand  is  used  it  should  be  one  of  the 
three  special  grades,  properties  of  which  are  giren  in  the  following  table. 


of  Sevem  l^lre 
flteel  Strand. 


■xtTO  CtelTABlacd 


BXTKA  GALYAlflZBD  SIBMKMB-MAJITIK  STBAUD  90,000   PKB  BO.   IX. 

Diameter.  atJ'^Hl.  'r'A^'i^  Elongation.  Lay, 


1 


I" 

>/ 


Tensile 

Elastic 

Strength. 

Limit. 

30mib. 

18901b. 

4860  " 

2910  " 

6800  " 

4060  " 

9000  " 

6900  " 

11000  •* 

6600  " 

19000  " 

11400  " 

EXTBA  OALYAyiZBD  HlGH  STBBVOTH  (GBUCIBLB)  STBBL  BTBAJTD. 

Diameter.         a^?fiJfv  ?JSfI^  Elongation.  Lay. 


5100  lb. 

8100  " 
11600  *• 
16000  " 
18000  " 
26000  '* 


39161b. 
6266  " 
7476  " 
9600  " 
11700  " 
16260  '* 


r 

6" 
6*" 


ExTBA  Galyakizbd  Extba  High  Stbbnqth  (Plow)  Stbbl  Straxd. 
Diameter.  ^^^S!SS.  ^^Z'i?.  Elongation.  Lay. 


76001b. 
12100  " 
17260 
22600 
27000  " 
42000 


14 


tl 


-  6700  lb. 
9076  " 
12990  " 
16800  " 
20260  " 
31600  " 


2M% 


4" 


For  ordinary  conditions,  the  messenger  cable  should  be  of  .y  extra  gal- 
vaniaed  Siemens-Martin  steel.  For  pull-offs  |"  cable  is  satfsfaotory,  and 
for  general  guying  purposes  |"  extra  galvanised  Siemens-Martin  strand  ta 
generally  recommended.  Special  conditions  may  call  for  *'  high  strength'* 
cable,  but  as  this  cable  requires  mechanical  fastenings  on  account  of  its 
stiffness,  it  should  be  used  only  where  absolutely  necessary. 
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ManrvHar  Vrollej  for  ftlUUair  OomAact. 


Where  a  sliding  collector  is  to  be  used,  it  is  recommended  that  the 
gent  line  he  staggered  by  means  of  steadv  braces  in  bracket  oonstractlon, 
or  poll-off,  in  span  construction,  to  aToia  vearing  groores  in  the  coUeotor 
oontact  surface. 

For  this  purpose  the  trolley  wire  should  be  displaced  approximately  ei^ht 
inches  on  eaeh  side  of  the  center  line  of  the  track  every  1000  ft.,  l.e.,  there 
should  be  one  complete  ware  from  the  extreme  position  on  one  side  aoroM 
the  track  and  back  to  the  extreme  position  on  the  same  side  In  each  2000  ft. 
of  line. 

When  the  road  bed  Is  new.  It  is  well  to  simply  make  provisions  for  stag, 
gering  the  trolley  wire,  but  to  defer  actual  staggering  untU  the  road  bed  is 
settled  and  put  in  final  shape,  as  the  sway  of  the  cardue  to  irregularities  in 
the  track  may  be  great  enough  to  throw  the  sliding  oontaot  enurely  off  tli* 
wire. 


Bracket  GoaatractleM. 


After  the  poles  are  instaUed  the  brackets  should  be  located  at  a  height 
of  sixteen  inches  more  than  the  required  distance  between  the  top  of  the 
rail  and  the  trolley  wire.  This  allows  for  two  inch  sag  of  the  bracket  due 
to  the  yielding  of  the  pole  when  loaded,  in  single  track  construction.  For 
double  construction  this  distance  should  be  Fourteen  inches  greater  than 
the  desired  height  of  trolley  abore  top  of  rail.  The  messenger  wire  should 
next  be  adjusted  for  tension  to  give  a  sag  at  the  center  of  span  of  about  9 
inches  at  30"  F.,  10  inehes  at  00^  F.,  and  11  Inches  at  SO^  F. 


In  span  construction  the  span  wire  should  be  installed  so  that  wheta  the 
weight  of  the  messenger  and  trolley  is  put  on  it,  there  will  be  a  sas  of  at 
least  three  or  four  feet  between  a  straight  line  drawn  through  the  points  of 
support  of  the  span  wire  and  the  point  on  the  span  wire  where  the  mes- 
senger hanger  is  attached.  When  unusually  long  distances  are  necessary 
between  the  poles  the  sag  should  be  greater.  The  back  guys  should  be 
insulated  for  full  line  potential. 


FlQ.  39.    Catenary  Construction.    Single  Track  Braokei. 
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Fio.  80.    Catonary  Cansiniotion.    Double  Track  Span. 


Fko.  81.    Catenary  Onrre  Gonstmotlon  Using  Steady  Braoe. 


Fw.  38.    Spreader  Gnrre  Conttmctlon. 


SLECTRIC    BA1LWA7B. 


Fib.  3S.     Omtsusry  ConitraotloD.     Btroot  Oonisi. 
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nud.  (hs  troUn'  inn  u  , 

y  cablM,  which  on  ouriM  on  aMd 


York,  ^ 


two  uMury  cablM,  which  on  ouriM  on  aMd  oriilns.  plwied  300  tuet 
mnut.  Heavier  bridna  kra  uaed  at  inlcrvsli  to  >iu£ar  the  ByxMm,  mad 
Tins  <d  oa*  of  thse  uchor  biidpe  an  abowa  in  flee.  34,  35,  lud  30/' 
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Fra.  SB.    Ktd'nnrotBridcvfi 


Brid(«  for  SapportiDK  Cataiury  Huhk  Tmllgy, 
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Fki.  30.     Plan  View  of  Bridie  (or  BungortiuCuMiiuv  HuncTntky. 


CATBNART  CONSTStTCnON. 
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Pxa.  87.    Detafl  ol  Cktanary  Conttruetion,  Spandanftldi  Lint 


Fio.  88.    T-Iron  Bracket  with  Main  Insulator  and  Steady  Strain. 


The  future  deyelopment  of  the  A.  C.  motor  \b  in  no  way  handicapped  hr 
the  ability  of  the  troUey  construction  to  withstand  high  potential,  as  A.  (5. 
trolleys  hare  been  worked  successfully  at  10,000  Tolts  and  15,000  Tolts. 
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KMBReY  COHSITMPnOlV. 

Power  Carres.  —  For  oonvenienoe  in  quickly  asoertainias  the  bone* 
power  reauired  to  propel  a  oar  of  known  weight  under  known  oonditiona  of 
speed  and  nade,  tne  curves  shown  below  have  been  calculated. 

The  left-hand  portion  of  the  lower  horiiontal  line  represents  the  speed  in 
miles  per  hour;  the  right-hand  portion  of  same  line,  the  h.p.  per  car;  the 
oblique  lines  in  left-hand  side  of  cut,  the  per  cent  grade  as  marked  on  eaeh 
line:  the  oblique  lines  on  right-hand  side  of  cut,  the  weight  of  car  as  marked: 
while  the  vertical  Une  in  center  of  cut  represents  the  h.p.  per  ton.  This 
curve  is  baaed  upon  a  flat  friction  rate  of  20  lbs.  per  ton  (2000  lbs.)  for  all 
speeds  and  weignt  of  oars,  and  is  approximate  only. 
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fTn 


g^  (IT ±2000  sin  0),  WrrLoad  In  tons.  n  =  Speed  In  miles  per  honr, 


= ITnx. 00261  (Kdk  2000  gin  #).     Jr=  Resistance  in  Iba.  per  ton.    J87=5 

ir=  Constants  of  power  required  to  more  ovk  tok  oar  level  at  speeds  in 

table  with  K=  10. 
jff'r:  Constanta  of  additiowal  poweb  required  to  raise    oke   tok  oir 

nBAJDEfi  and  at  speeds  given. 
Wx  WK^—W.  P.  required  on  levels  alone  for  speeds  given. 
IFy  IT  =r  H.  P.  additional  on  obadbs  alone  for  speeds  and  %  given. 
W(K'n±  m  =  total  H.  P.  required. 

Eicantplct :  (Mren  a  motor  car,  total  weight  9  tons,  to  ascend  a  7  per 
cent  grade  at  a  speed  of  six  miles  per  hour,  what  is  the  estimated  horse- 
power required,  with  Jr=  90  lbs.? 
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80 
H  for  6  milet  per  hour  is  .  16.  which,  multiplied  by  9  X  T^t  —  4.82  k.p^ia 

OTerooming  the  track  reeistanoes  alone. 

H*  —  2.2^,  whioh^  multiplied  by  9.  -  20.16.    The  sum  of  the  tipo  viB 

8've  the  total  theoretical,  i.e.,  24.48  h.p.  required.     Allowing  60  ptf  cent  ae 
»  combined  efficiency  of  motors  and  gearing,  to  operate  this  oar  wcmld 
require  a  draft  of  48.96  h.  p.  upon  the  line. 


H01M1B.ROWSR  OW  TRACTIOM. 

.     (Davis.: 

) 

■ 

Speed  in  Miles  per  Hour. 

4 

6 

8 

10 

12 

16 

20 

25 

30 

36 

40 

60 

60 

HorM-Power  Required  to  Propel  One  Ton  at  Varioua  Speeds  up 

Various  Grades. 

0 

.82 

.48 

.64 

.80 

.96 

1.20 

1.60 

2.00 

2.40 

2  80 

3.20 

4.OO4.80 

1 

.63 

.80 

1.07 

1.33 

1.60 

2.00 

2.66 

3,33 

4.00 

4  66 

2 

.74 

1.12 

1.49 

1.87 

2.24 

2.80 

3.63 

4.66 

6.60 

8 

.93 

1.44 

1.92 

2.40 

2.88 

3.60 

4  80 

6.00 

4 

1.17 

1.76 

2.34 

2.93 

3.62 

4.40 

6.47 

6 

1.39 

2.08 

2.77 

3.46 

4.16 

6.20 

6 

1.60 

2.40 

3.20 

4  00 

4.80 

7 

1.86 

2.72 

3.62 

4.63 

8 

2.02 

3.04 

4.06 

9 

2.24 

3.36 

4.48 

10 

2.47 

3.68 

4.90 

11 

2.67 

4.00 

12 

2. 88 

4.32 

13 

3.09 

• 

14 

3.29 

16 

3.62 

Nora  No.  1.  — The  h.p.  required  to  propd  a  oar  equab  the  total  wcigjbt 
of  car  plus  its  load  (in  tons)  multiplied  by  the  h.p.  in  tabl«  eorrespondiiig  to 
assumed  grade  and  speed. 


OUTM. 


VrmctlT«  Toree. 

F.  E.  IdeU.  H.  E. 

Tmck.  — To  start  oar 116  lbs. 

To  keep  in  motion  at  6  miles  per  hr.   16 . 6  lbs. 

• — To  start  oar 136  lbs. 

To  keep  in  motion 32  lbs. 

To  start  car  from  0  to  6  miles  per  hour .   284  lbs. 
average,  264  feet  per  minute. 


ton. 
ton. 
ton. 
too. 


TRACTION. 


065 


TRAGVXOir. 
(DarlB.) 


Load  of  Trailer  Cans  in  Tons  which  a  Motor 

Per  cent 
Grade. 

Traotlre  Force 

inPonnda 

per  Ton. 

Car  of  one  Ton  will  Haul. 

Snowy  Bail. 

Wet  Bail. 

Dry  Bail. 

0 

30 

8.60 

12.33 

16.00 

1 

60 

4.70 

7.00 

9.00 

2 

70 

SJ07 

4.21 

6.14 

8 

90 

2.17 

3.44 

4.66 

4 

110 

1.60 

2.63 

3M 

5 

130 

1.19 

2.07 

2.84 

6 

160 

0.90 

1.66 

2.83 

7 

170 

0.70 

1.36 

2.00 

8 

190 

OJBO 

1.10 

1.68 

9 

210 

0.36 

0.90 

1.88 

10 

230 

0.24 

0.74 

1.17 

11 

260 

0.14 

0.60 

1.00 

12 

270 

0.06 

0.48 

0J6 

18 

290 

Wheels  slip. 

0.38 

0.77 

14 

310 

•    i 

0.30 

0.61 

16 

830 

• 

0.21 

OJU 

16 

860 

•    1 

0.14 

0.43 

17 

370 

• 

0.08 

0.36 

18 

380 

•    4 

0.02 

0.28 

19 

410 

• 

Wheels  Blip. 

0.22 

.   20 

430 

•    1 

■    •    • 

0.16 

21 

460 

•    •    • 

0.11 

22 

470 

•    1 

•    •    • 

0.06 

23 

400 

•      4 

•     •    ■ 

Wheels  slip. 

KOTS  No.  1. -Multi 
to  get  weight  of  traifer 
sponding  grades. 


figures  in  table  by  weight  of  motor  car  (in  tons) 
(in  tons)  that  said  motor  car  will  haul  up  oorre- 


iJsvoMiiTnoivs  PSR  HiiiriJTi:  of  various  SIZ1B]» 

TO    MAKS    VAJUOVS    SPKKliS. 


Miles  per  Hour. 

2 

4 

6 

8 

10 

16 

20 

26 

30 

40 

Diameter 

of 
Wheel. 

• 

Feet  per  Minute. 

176 

362 

628 

704 

880 

1320 
210 

1760 

2200 

2640 

3620 

94  in. 

28 

66 

84 

112 

140 

280 

350 

420 

660 

26  in. 

26 

62 

78 

103 

129 

194 

258 

323 

388 

617 

28  in. 

24 

48 

72 

96 

120 

180 

240 

300 

360 

480 

80  in. 

22 

46 

67 

90 

112 

168 

224 

280 

336 

448 

33  In. 

20 

41 

61 

82 

102 

163 

204 

266 

306 

408 

86  in. 

19 

37 

66 

76 

93 

140 

187 

234 

280 

874 

42  In. 

16 

82 

48 

64 

80 

120 

160 

200 

240 

320 

656  ELECTBIC   RAILWAYS. 

XRVCK    CAM*. 
Wattmeter  plued  on  car.  (HeCoUock.) 


a 

1 
5 

1 

1 

i. 

1 

£ 

i 

1- 

F 

Doubla-tiuck  OH.  Seug 
3«;-»elghi.  11.76,  ions; 
»enie  lor  entire  day 

11040 

.«, 

» 

109S 

B.B 

8une  u  abore.  Average 
Cot  hssTleat  trip  .    .    . 

13080 

.... 

33S 

loss 

- 

»."?lriK'  .•.-■..51; 

wel^t,  S  torn  .    .    .    . 

.,. 

m 

„ 

.«, 

- 

^SlDgle-truck  car.    TraU- 
ere  opentad  M%  ol  the 
lime.   ATeraga  (or  the 
">Ur8'l»y 

0400 

1110 

»4 

™ 

TJ 

Slngle-tmck  motor  and 
OMD     trailer.      Seala, 
Oi    weight,  WA  ton>: 
Average    (or  heaviest 

1^ 

1440 

a.H 

101 

,«. 

- 

Ov«rBa«B  sr  nrsec  Haaii* 

„  _        Foondi  torque  X  R.P.U. 

°'^- MM 

„  „        FoUDda  traetlTe  nffort  X  M.P.H. 

_  Mumbergear  leath  X  a*  X  nearefficienny  X  p 


•  of  gheela  X  number  plnioti  twth  X  R.P.II. 


KILOWATTS   ON   QBADES. 


r  Xaa  for  IS  torn  Car. 


8p««d-HllM  per  Hour. 

Gr»d». 

' 

« 

6 

8 

lU 

13 

" 

IS        U        10 

J 

mil 

mv> 

intK 

iitin 

10 

■il4.ll 

"'•■" 

216.« 

21B.86 

mM.2ii.^ 

21B,aO  ai7.M  M7.M 

apee.1  — M 

la,p« 

Uu 

«r 

C-Tt. 

' 

4 

« 

8 

10 

12 

'^ 

la 

IS 

20 

4  41 

11   IB 

H  7» 

S' 

ti! 

iSJI 

ir:;St. 

!  ■" 

lUU 

au 

UIM. 

16     ■^ 

Tha  Bbov*  taUa  ia  baoad  n; 


Hdichtl/ucb 


f  83  perot 
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CoMsnmptlon.    Schedoile 
3ft  Ton  Car. 


Spe«d  Sft  ME.P.H:. 


Stopa  per  Biile. 

Kilowatts. 

Maximum  Speed. 

Total  Motor  Oapacity. 

0 

29 

25  m.p.h. 

143 

.2 

35 

29 

175 

.4 

44 

31 

186 

.6 

61 

33 

207 

.8 

63 

37 

245 

1.0 

79 

43 

301 

1.2 

100 

51 

395 

The  energy  values  given  in  above  table  represent  input  to  the  car  not 
including  any  line  losses.  The  maximum  speed  values  represent  maziniam 
speed  reached  during  the  run.     Motor  capacity  is  based  upon  a  temperature 

rise  of  60°  C,  above  surrounding  air,  taken  at  25°  C,  after  a  full  dky»' 

at  the  schedule  of  25  miles  per  hour  noted. 


POMlble  Scliedale  with  41ft  1VI.P.I9.  maxlntniit 

Wa^Tjing  Freqaencj-  of  Stops.    3ft  Xoa  Car. 


Schedule  Speed. 

Kw.  Input. 

Number  Stops  per  Milo. 

45 

106 

0 

40 

101 

.18 

35 

97 

.40 

30 

93 

.70 

25 

87.5 

1.08 

20 

84. 

1.80 

HO.   OF   CARS  ON   1BN  MIIiES   OF 

OVA    AJPEKDA    AMD    HKADW^AYS. 


Minutes 

Average  Speed  in  Miles  per  Hour. 

Apart 

or 

ITdway. 

6 

100 

7 

8 

9 

10 

12 

16 

20 

25 

30 

1 

86 

75 

67 

60 

60 

40 

30 

24 

20 

2 

50 

44 

38 

33 

30 

25 

20 

15 

12 

10 

3 

33 

29 

26 

22 

20 

17 

13 

10 

8 

i 

25 

22 

19 

14 

16 

13 

10 

8 

6 

6 

20 

17 

16 

13 

12 

10 

8 

6 

5 

6 

17 

14 

13 

11 

10 

8 

•7 

6 

4 

7 

14 

12 

11 

10 

9 

7 

6 

4 

3 

8 

13 

11 

9 

8 

8 

6 

6 

4 

3 

10 

10 

9 

8 

7 

6 

6 

4 

8 

2 

16 

7 

6 

5 

4 

4 

3 

3 

2 

2 

20 

6 

4 

4 

3 

3 

3 

2 

2 

1 

90 

3 

3 

3 

2 

2 

2 

1 

1 

1 

Note.  —  Fractions  above  one-half  are  considered  whole  numbers,  and 
fractions  below  one-half  are  neglected. 


TARIOUS   SPEEDS.  65S 

To  obtftln  (b*  DDmbsr  ol  can  reqnlred  to  otwrats  ui;  lenftli  toad,  dlTld* 
ibe  Dumber  tannd  in  th«  tat>]«  under  the  detlred  aren^  »pe«d  uid  held- 
WK7  bj  ten,  wu)  molclpl j  bf  Ui*  length  ol  (be  road  In  queinon.   Bboold  it 


tnet  euh  portion  u  ■  separate  road,  and  add  the  retotta  (ogelher.    To  th* 

.._-_. .t_.  -.....^-j  -v. ...J  ^g  ^j^  so  per  eent  (or  rewTTe  *or 

V  ean,  10  per  cent  naerr*  will  be 


loada  aadaraOoari.     For  n 
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Formula:  — 


Letn 
m 
S 
I 


Then, 


number  of  oan  required, 
miles  of  track. 

average  epeeda  in  mllee  per  hour, 
interval  or  faeadfray  in  minutee. 

tte  X  60 
^^    SXI- 


HSADIRFAY,   SPS1B]»,  AIfI>    TOTAJL    IflTHlBSR    OF 


Total  nimiber  of  care  on  a  given  length  of  street  on  which  cars  are  running 
both  ways  —  (length  oi  street  X  120;  -r  (headway  in  minutes  X  speed  in 
miles  per  hour). 


AJn»    PKR     SKCOiro. 

(Merrill.) 


Miles 

Feet 

Feet 

Miles 

Feet 

Feet 

per 

per 

per 

per 

per 

per 

Hour. 

Minute. 

Second. 

Hour. 

Minute. 

Second. 

1 

88 

1.46 

16 

1408 

23.47 

2 

176 

2.94 

17 

1496 

24.03 

3 

264 

4.4 

18 

1584 

26.4 

4 

352 

5.87 

19 

1672 

27.86 

5 

440 

7.33 

20 

1760 

29.33 

6 

548 

8.8 

21 

1848 

30.8 

7 

616 

10.26 

22 

1936 

32.26 

8 

704 

11.73 

23 

2024 

33.72 

9 

702 

13.2 

24 

2112 

35.2 

10 

880 

14.67 

25 

2200 

36.67 

11 

068 

16.13 

26 

2288 

.  38.14 

12 

1056 

17.6 

27 

2376 

30.6 

13 

1144 

19.07 

28 

2464 

41.04 

14 

1232> 

20.52 

29 

2562 

42.50 

15 

1820 

22 

30 

2640 

44 

RATING   STREET-RAILWAY  MOTORS.  661 

IKATIJie    •TKKBT.mAJEI.lRFAY    MOTORS. 

(Condensed  from  W.  B.  Potter  in  Street  Railway  Journal.) 

Rise  of  temperature  after  one  hour's  run  under  rated  full  load  not  to  ex- 
ceed TS*'  C. ;  room  being  assumed  at  25^  G.  Average  load  for  a  day's  run 
should  not  exceed  30  per  cent  of  its  rated  full  load,  which  will  give  a  rise  of 
temperature  of  about  909  G. 

The  above  ratings  are  based  on  aline  potential  of  BOO  volts,  but  the  aver- 
age performance  can  generally  be  increased  In  proportion  to  tne  Increase  in 
line  voltage  ;  that  is,  a  motor  will  do  approximately  10  per  cent  heavier 
service  for  the  same  temperature  rise  when  operated  at  660  volts. 

With  electric  brakes,  motors  must  have  increased  capacity,  as  heating 
increases  20  to  26  per  cent.  The  20  per  cent  increase  is  on  roads  having  few 
grades  and  stops,  while  the  26  per  cent  is  on  hilly  roads  with  frequent  stops. 

Approximate  rated  horse-power  of  motors  = 

(total  weight  of  car  in  tons)  x  (max.  speed  In  miles  per  hour  on  level). 

5 
For  equipments  with  electric  brakes,  divide  by  4  instead  of  6.    When 
maximum  speed  is  not  known,  it  may  be  assumea  as  twice  the  schedule 
speed. 

Kxantple  1: 

20  ton  car  (loaded)  x  60  m.  p.  h.      „^  ,  ^        -«  ,. 

^ 5 —  =  200  h.  p.,  or  four  60  h.  p.  motors.     In 

this  case,  if  the  line  pressure  were  raised  to  000  volts,  electric  brakes  could 
be  used  on  the  equipment  by  changing  the  gear  ratio  so  as  to  have  the  same 
maximum  speed. 


H  Urn  car  (loaded)  x  26  m.  p.  h.      „,  ._«*». 
^ g-^ ~ —  =  66  h.  p.,  or  two  80  h.  p.  motors, 

These  rules  indicate  minimum  capacity  under  ordinary  conditions. 

TractlT«    Bffort. 

Tractive  elfort  is  dependent  on  the  rate  of  acceleration,  grade,  car  fric- 
tion, and  air  resistance,  which  latter  is  ordinarily  included  in  friction. 
Acceleration  Is  expressed  In  miles  an  hour  per  sec.  1  mile  per  hour  per  sec. 
rr  1.406  feet  per  sec.  Excluding  car  friction,  a  tractive  effort  of  92}  lbs.  per 
ton  (2000)  will  produce  an  acceleration  of  1  mile  per  hour  per  sec.  on  a  level 
track,  and  the  rate  of  acceleration  will  vary  in  direct  proportion  to  the 
amount  of  tractive  effort.  On  ordinary  street  cars,  tracuve  effort  during 
acceleration  often  rises  to  200  or  300  lbs.  per  ton. 

On  elevated  or  suburban  roads  the  maximum  tractive  effort  is  generally 
100  to  150  lbs.  per  ton.  For  heavy  freight  work  with  slow  speeds,  the  trac- 
tive effort  seldom  exceeds  30  to  40  lbs.  per  ton. 

Grades  are  commonly  expressed  in  percentage  of  feet  rise  in  100  feet  of 
distance,  and  tractive  effort  for  a  grade  is  the  same  percentage  of  the 
weight  to  be  drawn  as  the  rise  is  of  the  length  of  100  feet.  For  instance, 
the  tractive  effort  for  a  weight  of  one  ton  (2000  lbs.)  up  a  grade  of  3per 
cent  would  be  3  per  cent  of  2000  lbs.,  or  00  lbs.  For  the  total  tractive  elfort 
there  must  be  added  to  this,  the  effort  for  overcoming  the  car,  wind,  and 
rolling  friction  on  a  level. 

Average  traotive  efforts  from  numerous  tests  are  shown  in  the  following 
table: 

'  Tractive  eff<wt  in 
lbs.  per  ton. 
16  ton  car,  up  to  25  m.  p.  h 26 

M       U       «t  ff       ««      QQ   «»       It       14  VA 

26    ********   25  *'**     **       .     .  '     *     '     *    20 

**      l«      <«        (I      ((    1^  ti      («      II  ae 

100  ♦•  train  ««    «•  25  **    **    **       .'".!!!!.'!!!!    16 
Kaatv  freight  train  UD  to  26m.  V'h.     ■    .     ,  ...    etc  10. 

xae  above  rates  have  to  be  iucreased  lor  snow  and  ice  on  the  track. 
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TractlTe    Coeflclemt* 

This  ooefflcient  to  usually  expressed  as  the  ratio  between  the  weight  on 
the  driyioff-wheeto  and  the  tractive  effort,  and  raries  largely  with  tbe  oott- 
dition  of  the  rails. 

In  train  work,  the  weight  on  drirers  should  be  six  timet  the  traetiTe 
effort. 

JBxaBipleii— Required  the  weight  of  a  locomotive  to  draw  a  lOO-ton 
train  up  a  2  per  cent  grade. 

For  train. 

100  tons  X  16  lbs.  for  friction  =  1600  lbs. 
M      a     j^4o    »    «    grade     =4000    " 

6600  lbs. 

AMomeaSO-ton  looomotiye, 

20  tons  X  15  lbs.  for  f Hotion  =  900  lbs. 
90    *•     X  40  »     ««    grade     =  800   ** 

Total  traetiTe  effort,   OOOO  lbs. 

6000  lbs.  equals  UZ  per  cent  of  20  tons,  or  a  tractive  coefllclent  of  16.6  per 

cent.    Starting  the  train  on  a  2  per  cent  grade  with  acceleration  of  }  m.  p.  h. 

01 1 
per  sec.  would  mean  additional  tractive  effort  equivalent  to — ^=80.4  lbs. 

3 

per  ton. 

Thto  would  add  to  the  requirements  as  follows : 

Train  100  tons,  for  friction  and  grade  as  above     .    .    .    6500  Iba. 
u       M      u     at  80.4  lbs.  for  acceleration 8040   " 

Total  for  train 8540  lbs. 

Assume  86-ton  locomotive  with  motors  on  all  axles. 

85  tons  at  16  lbs.  for  friction 626  lbs. 

"      "     ••  40    ••    "    grade 1400    " 

<«      «•     «•  80.4  for  acceleration 1064    " 

Total  tractive  effort  .    .    .    11529  lbs. 

or  a  tractive  coefficient  of  16.5  per  cent  for  the  86-ton  locomotive. 

Tests  show  the  following  tractive  coefficients : 

Sanded 
per  cent.  per  cent. 

Dry  rail 28  80 

Thoroughly  wet  rail  20  26 

Greasy  moist  rail  15  26 

With  ice  and  snow  on  the  track,  the  coefficient  to  lower,  and  the  roUlnf- 
frietlon  higher. 

ATeiragr*  eaenry.  —  Approximate  capacltv  of  a  power  station  may  be 
assumed  as  about  100  watt-hours  per  ton  mile  of  schedule  speed  for  ordinary 
conditions  of  dty  and  suburban  service. 


iple  t  —  l&*ton  car,  12  miles  per  hour  schedule, 

k.w.  at  station  =  100  x  15  X  12  =  18  k.w. 

If  stops  are  a  mile  or  more  apart,  only  00  to  70  watt-hours  may  bo  ii< 
sary. 

Frequent  stops  and  high  schedule  speeds  take  120  or  more  watt-hours. 
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The  following  table  of  effiolenoies  will  be  found  convenient  in  estimating 
the  power  required  for  operation  of  motor  cars,  UBlng  three-phase  traos- 
misslon  and  direct  current  motors.  The  efficiencies  would  vary  somewhat 
with  the  load  factor,  but  can  be  taken  as  generally  applicable. 

Considering  the  I.H.P.  of  the  engine  as  a  basis,  for  the 

Average  efficiency  of  engine 90  per  cent. 

"             "         "    generator W  "  " 

"              "         "    high  potential  lines    ....  96  •♦  " 

"             "         "    substations 90  »•  " 

"              "         "    direct  current  lines    ....  92  "  " 
**             *'         "    motors,  including   losses  of 

control 72  "  " 

Ck>mblned  efficiency  of  the  motors  and  series  parallel 
control  during  period  of  cutting  out  the  controller 
may  be  taken  as 63    **      " 

Efficiency  of  motors  after  cutting  out  the  controller, 
depending  on  size  of  motors 60to85  per  oeat. 


In  order  to  accurately  ascertain  the  power  required  to  operate  a  given 
railway  system  it  is  necessary  to  analyse  the  penoimanoe  of  its  trains  or 
other  units  of  transportation.  This  is  oest  done  by  constructing  train  per- 
formance diagrams.  Such  diagrams  may  be  constructed  for  a  desired 
schedule  and  other  data,  in  order  to  determine  the  size  and  type  of  motor 
beet  adapted  to  the  purpose;  or  they  may  be  made  up  from  the  onaraoteristio 
curves  of  a  given  motor,  to  determine  if  that  particular  motor  will  fit  the 
ease  in  point,  or  just  what  will  be  the  result  from  its-  use.  Such  diagrams 
are  also  useful  in  predetermining  the  heating  effect  upon  the  motors. 

The  diagram  ordinarily  includes: 

Speed-time  curve. 
I/btance-time  curve. 
Current  curve. 
Voltage  curve  and 
Power  or  kilowatt  curve. 

Whfle  it  is  possible  to  construct  a  performance  diagram  for  a  given  line 
ol  road,  this  diaf^ram  must  be  based  upon  the  charaotenstics  of  some  known 
motor,  and  it  is  necessary  therrfore  that  the  sohedule  be  stated,  and 
requirements  as  to  heating  and  economy  be  given  and  that  motors  to  pro- 
duce these  results  be  designed  by  makers  of  such  apparatus  —  or  that  motors 
from  their  standard  designs  be  selected,  which  come  nearest  to  fitting  the 
requirements  of  the  case;  and  in  determining  this  fitness,  performance  dia- 
grams can  be  constructed  from  the  known  characteristics  ol  the  motor 
selected. 

In  stating  the  conditions  it  is  obvious  that  profile  and  contour  maps  ol 
the  road  must  be  had  in  order  to  determine  the  effect  of  grades  and  curves. 

In  describing  the  method  of  laying  out  these  curves,  the  first  case  given 
will  be  based  upon  a  straight  and  level  track  and  the  simplest  possible  con- 
ditions, and  a  second  example  will  be  shown  which  includes  grades  and 
eurves. 

Figure  42  is  a  diagram  of  train  performance,  which  shows  the  speed-time 
eurve,  distance-time  curve,  and  the  current  curve,  as  well  as  the  schedule 
required,  and  the  distance  between  stops.  This  diagram  is  simply  typical, 
to  indicate  methods. 

Figure  41  is  a  typical  Railway  Motor  characteristic,  and  for  simplicity 
shows  but  two  curves,  that  of  tractive-effort  and  of  speed,  the  speed  being 
given  in  miles  per  hour  and  the  tractive-effort  in  pounds  draw-bar  pull  for 
33-inch  wheels  and  gear  ratio  3.09.  The  ampere  consumption  at  the 
different  rates  of  speed  is  also  given.  Unless  armature  revolutions  instead 
of  speed  in  miles  per  hour  be  used,  it  always  will  be  necessary  to  state  the 
diameter  of  wheel  and  the  gear  ratio. 
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A  grade  of  one  per  cent  meaoB  a  change  in  altitude  of  one 
foot  for  each  100  feet  of  track  on  the  grade,  and  thia  is  equivalent  to  a 
traotive  foroe  of  20  pounds  ()er  ton,  whioh  will  be  positive,  or  to  be  added 
to  the  traotive  effort  per  ton,  if  the  train  is  ffoins  up  f^ade;  or  to  be  deducted 
from  the  same  if  the  train  is  on  down  grade.  Then  If  9— grade  per  cent  X  20 
the  f  oimula  beoonies 

T  -  (01.1  aw)  +  (t^o)W  aad 

T  -  (t±g)W 


a  ■■ 


91 . 1  w. 


Carre**  —  Values  of  railway  curves  are  expressed  in  terms  of  the 
oentral  angle  subtended  by  a  chord  100  feet  lone;  thus  a  one  dei^:'ee  curve 
means  one  such  that  the  angle  at  the  center  end  of  the  radius  will  be  one 
degree,  or  a  radius  ot  5730  feet,  thus 

,  5730 

^*«^     "  radius  in  feet ' 

Experiment  shows  that  the  effect  of  curves  is  to  introduce  a  resistance  of 
about  .6  pound  per  ton  per  degree  of  curve;  thus  a  two  degree  curve  will 
re(;(uire  a  tractive  effort  of  1.2  pounds  per  ton  of  train  to  overcome  the 
nsistanoe. 

If  0  •■  timotive  effort  of  a  curve  at  d,  degrees,  the  formula  will  become 

r-  (91.1  aPT)  +  (t+c)Wi 

T  -  (t+c)  W 
**"        91.1  w. 

A  enmbination  of  a  grade  and  a  curve  will  make  the  fonnula: 

r  -  (91.1  aW)  +  (<  +  0  ±  a)  TT; 

T  "  (t  -he±ff)W 
""  91. Iw 

The  Use  of  the  polar  planimeter  will  very  much  facilitate  the  oonstructlon 
ci  these  diagrams. 

The  method  of  constructing  the  speed-time  curve  as  described  below  is 
about  as  simple  as  can  be  made  and  was  used  by  Mr.  H.  N.  Latey  in  laying 
out  the  work  of  the  Interborough  Company  in  New  York. 

For  purpose  of  explanation  the  following  example  of  train  performance 
18  given: 

BzsuMple  T»    Wow  Train  Perfomtance  lUagrnam* 

Train  8  motor  cars,  2  trail  cars. 

Schedutt  20  miles  per  hour. 

&op»  2  per  mile. 

Aeedtration  a  ->  1 .  25   m.p.h.    per   second. 

Brakirtg  6  —  1.5   m.p!h.   per  second. 

TracHve  effort  f  —  13  pounds  per  ton  of  train. 

Fly-fjohed  effect  10  per  cent  of  train  weight. 

Motors  4  K>r  each  motor  car. 

Molar  cars  weigh  60,000  pounds  each. 

Tniilearv  weigh  40,000  pounds  each. 

Weight  of  train  TT  <-  130  tons. 

FkfMfhed  effect  —  13  tons 

Total  -  143   tons. 

Weight  on  drivere  all  motor  can  —  180,000  pounds. 

Traeti-ve  effort  due  to  weight  on  drivers  18  %  —  32,400  lbs. 

Traotive  effort,     T  -  (o  X  to  X  91 . 1)  +  tW, 
or,  r  -  (1.25  X  143  X  91.1)  +  13  X  130  -  17,974  lbs. 

and  T  per  motor  -  17974  -1-  12  -  1498  lbs. 

From  motor  curve.  Fig.  41,  1498  lbs.  >-  20  miles  per  hour  at  a  —  1 .25. 
2Dmi]es  per  hour  at  1 .25  miles  per  hour  per  second  is  the  first  point  p  on  curw 
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Other  points,  pi,  p%,  pt,  etc.,  are  determined  by  the  formula, 
a  ->    -,   , — ,  where  T  is  taken  from  the  motor  curve  at  the  milee  per  boor 

vl .  1  to 

the  train  is  moving. 

B 
Then,  let  I*  -  tTF  -  B,  and  a  -  ^^^ ,  from  which  the  foUowinc  table 

may  be  oonstruoted  for  the  diagrams: 


M.P.H.            T.  Moton      T,          tW         B  « 

r  at  20  -  1498  lbs.  X  12  -  17974  -  1690  <-  16284  -  1.250 

•"    22  -  1100  "  X  12  -  13200  -  1690  -  11510  -  .840 

24  -    840  "  X  12  -  10080  -  1690  -    8390  -  .644 

26  -    700  "  X  12  -    8400  -  1690  -     6710  -  .615 

"     28  -    690  "  X  12  -    7080  -  1690  -     5390  -  .414 

30  -    500  "  X  12  -    6000  -  1690  -    4310  -  .331 

82  -    420  "  X  12  -    5040  -  1690  -    3053  -  .257 

Coasting  after  shutting  ofiF  current  —  — 


«« 


•I 


or 


91. Iw 

13  X  130  1690       •      ,o«  u  J 

91.1X143"  13027"  ""  '^^  m. p. h.  per  second. 

Xisble   U. 

Amperes  per  motor.  Amperes  per  train. 

at  20  m.p.h.  -  134  X  12  =>  1608 

22  '^  -  108  X  12  -  1296 

24  "  «    93  X  12  -  1116     • 

26  *•  -    83  X  12  -  996 

28  ••  -    75  X  12  -  900 

80  *•  -    68  X  12  -  816 

32  "  -    62  X  12  -  744 

Constnictloit  of  Speed-Time  Carre.  —  An  inspection  of 
Fig.  42  will  show  that  the  speed-time  curve  is  divided  into  four  parts:  (a) 
the  acceleration  due  to  starting  the  motors  and  bringing  the  train  up  to 
the  speed  that  will  be  given  by  cutting  out  all  resistance,  and  leaving  tnem 
in  multiple  connection.  This  is  shown  on  the  diagram  by  oJ*.  Co)  the 
acceleration  in  multiple,  running  from  P  to  a;  (c)  at  which  point  the  ottr> 
rent  is  cut  off  and  the  train  allowed  to  coast  for  the  distance  indicated 
between  s  and  n*  and  (d),  where  brakes  are  applied,  and  from  n  to  g  the 
curve  is  diagonally  downward,  assuming  that  tne  tram  retards  at  a  re^plar 
rate,  which  obviously  is  never  the  case,  but  is  near  enough  so  to  be  indi- 
cated by  the  straight  line  as  shown. 

Referring  to  Fig.  42:  The  straight  part  of  the  curve, from o  top,  is  laid 
on  the  drawing  at  an  angle  determined  by  the  rate  of  acceleration,  which  in 
this  case  is  1.25  miles  per  hour  per  second.  The  example  shows  that  at 
this  rate  of  acceleration  and  for  the  weight  of  train  given,  and  at  a  tractive 
effort  of  thirteen  pounds  per  ton,  a  total  tractive  effort  per  motor  of  1498 

founds  will  be  necessary,  and  by  reference  to  the  curve  of  tractive  effort  in 
ig.  '41,  it  is  found  that  1498  pounds  correspond  to  a  speed  of  twenty  miles 
per  hour,  which  becomes  the  first  point  P  on  the  acceleration  curve.  At 
this  point  the  resistance  of  the  controlling  devices  is  all  cut  out  and  the 
motors  are  in  multiple  from  this  point  on,  to  the  point  s.  When  the  current 
is  cut  off  for  coasting,  the  speed  will  be  accelerated  at  a  gradually  decreasing 
rate  as  shown.  The  lines  between  the  points  p,  pi,  pt  pa  and  P4  represent 
the  averape  rate  of  acederalion  for  speeds  of  22-24-26-28  and  30  mues  per 
hour,  and  in  each  case  start  from  a  point  half  way  between  the  lines  whidx 
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represent  the  ratet  of  speed  named,  the  aooeleration  omTeo,0,  being 
tended  one-half  of  the  speed  interval  selected,  or  to  point  p^,  tne  other  i 
tions  belnc  attached  to  the  ends. 

The  angle  of  these  lines  is  determined  by  the  rate  of  acceleration  for  tbe 
intervals  shown,  and  in  this  example  is  based  upon  rates  of  speed  Tarying 
by  intervals  of  two  miles. 

Table  I  has  been  caloolat^  from  the  formula  a  —  -i^r-; —  ,   T  beiac 

91.1  w  ■— -^ 

taken  trom.  cnrve  sheet,  Fig.  41. 

An  examination  of  Table  I  shows  that  at  the  rate  of  speed  of  20  m.p.h.,  the 
rate  of  acceleration  is  1.26  m.p.h.  ner  second;  at  the  average  rate  of  SB  m.pJi^ 
or  from  SSI  miles  to  23  miles,  per  nour,  the  rate  of  aooeleration  is  .84  m.pJi. 
per  second;  at  24  m.p.h.,  or  from  23  to  25  miles  per  hoar,  the  rate  of  accelera- 
tion is  .644  m.p.h.  per  second,  etc.,  etc.  In  practical  work  intervals  of  one 
mile  each  should  be  taken,  as  the  curve  will  then  be  more  nearly  correet. 

CoaatlBC. — At  the  point  s  current  is  cut  off  and  the  train  allowed  to  ooaet 

to  the  point  where  brakes  are  applied  and  the  train  brought  to  rest  at  the 

point  g,  86  seconds  from  the  starting  point  o.     The  rate  of  rfttarrlatifm,  or 

as  it  is  sometimes  called,  deceleration  a,  of  coasting  is  determined  Inr  the 

tfV 
formula,  a=—  z^r-z — ,  or  in  this  case,  —  .129  m.p.h.  per  second. 
91.1  tr  ' 

BraklBC.— This  line  is  laid  on  the  sheet  at  an  angle  representing  the 
rate  of  1 J^  m.p.h.  per  second  stated  in  the  example. 

IiOOistlBg  the  CoaatlMg  !«!»•.  —  Tne  area  inclosed  by  the 
rectangle  o, m, X, y,  represents  the.  distance  traveled  by  train  in  the  time 
shown,  or  a  speed  of  twenty  miles  per  hour,  for  a  half  mile,  with  a  stop  of 
6  seconds  duration.  Therefore,  the  area  inclosed  by  the  speed-time  eurre 
<>t  Pt  'i  ^t  9t  must  be  equal  to  tnat  of  the  rectangle  o,  m,  z,  y,  which  can  be 
best  determined  by  a  polar-planimeter.  The  cossting  line  s,  n  is  then 
adinsted  up  or  down,  always  retaining  the  angle  due  to  the  rate  of  aeonler- 
atton,  until  the  area  inclosed  by  the  speed-time  curve  is  the  same  as  thnt  ol 
the  rectangle.  The  maximum  speed  will  then  be  shown  by  the  point «,  In 
this  case  30J(  miles  per  hour. 

IMstrntce-Tlme  Cnrre.  —  This  curve  should  be  plotted  wX  the 
same  time  and  in  connection  with  the  speed-time  curve.  Its  value  mny  be 
determined  for  as  manv  points  as  desired,  but  it  will  be  suAoient  for  all 
practical  purposes  if  plotted  for  two  second  intervals  at  the  start  and  at  the 
end,  as  shown  on  Fig.  42,  and  at  longer  intervals,  say  5  seconds  fbr  the 
straight  part  of  the  curve.  The  values  may  be  calculated  at  any  point 
along  the  speed-time  curve  and  this  has  been  done  on  Fig.  43,  at  the 
points  as  were  assumed  for  calculating  the  speed-time  curve. 

If        2>  —  distance  from  starting  point  in  feet, 
and         d  -i  distance  in  feet  traversed  in  time  f ,  then 

"  -^-  '•*«  ". 

and  2>-(i  +  d,  +<!,+  <!«+  d^%  etc.,  ete. 

If  the  speed-time  curve  is  .very  irregular  it  is  more  convenient  to  nae  a 


the  average  rate  of  speed  will  be  at  the  center  point  or  eaon  section,  and 
the  time  Interval  <ls  the  time  space  covered  between  the  ends  of  the 
section.  For  instance,  to  locate  tne  first  point  on  the  distanc^time  onrve 
at  t,  the  average  speed  for  the  time  interval  of  10  seconds  is  124(  •«-  2  —  6.88, 
then  6.25  X  10  X  1-467  «  91  feet  and  this  value  laid  off  on  the  sheet  orer 
the  time  10  seconds,  and  at  a  value  of  91  feet  on  the  scale  of  •*  dlstnnee 
feet  '*  shown  at  the  right,  gives  the  point  t. 

The  average  speed  on  tne  speed-time  curve  between  12a  nulee  per  honr 
and  21  miles  per  hour,  is  16.76  miles  per  hour  for  the  time  Interrml  f, 
between  the  two  points  shown,  of  6.5  seconds;  then  16.76  X  6-6  X  1.467  —  186, 
and 

D  -i  91,  -h  169  -  280,  or  the  point  I,  on  the  distance-time  curre.     Again 
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the  average  speed  between  the  next  two  points  p  and  px  is  22  miles  per  hour, 
and  the  time  interval  is  2.5  seconds,  thus, 

22  X2.5  X  1.467  -  80 and/)  <-  250  +  80  »- 330, 

which  is  the  location  of  point  if. 

The  above  described  process  is  repeated  to  obtain  each  point  on  the  curve. 
Table  III  has  been  oonstnioted  in  this  way  in  order  to  show  the  progressive 
Talue  of  D. 

Great  care  should  be  ezerdsed  in  plotting  both  speed-time  and  distance- 
time  curves  as  errors  of  location  are  otmiulative,  and  when  many  points  are 
used  the  error  at  the  end  may  throw  the  result  quite  out  of  line. 

Table  MMM,  —  l^mtm  For  JHetonce-Tlme 


Total 

»  — 

t  - 

Time 

Interval. 

Total 

1.467  v< 

Distance 

Point 

Averacje 

Time 

a 

in  feet 

NumbwB. 

Speed  in 
ILPJI. 

from 

Distance 

from 

Start. 

Intervals. 

Starting 

Point. 

1 

6.25 

10 

10 

91 

91.0 

2 

16.75 

6.5 

16.5 

159 

250 

3 

22 

2.5 

19 

80 

330 

4 

24 

3.0 

22 

105 

435 

5 

26 

3.50 

25.5 

133 

568 

6 

28 

4.75 

30.25 

195 

763 

7 

29.7 

5.25 

35.5 

228 

991 

8 

30 

4.5 

40 

197 

1188 

9 

29.5 

5 

45 

215 

1403 

10 

28.7 

5 

50 

210 

1613 

11 

28 

5 

55 

204 

1817 

12 

27.5 

5 

60 

200 

2017 

13 

26.7 

5 

65 

195 

2212 

14 

26.2 

3 

68 

113 

2325 

15 

22 

5 

73 

158 

2483 

16 

14.2 

5 

78 

103 

2586 

17 

6.7 

5 

83 

48 

2634 

18 

1.5 

2 

85 

4 

2638 

Current  Giunre. —  From  the  speed  curve  on  Fig.  41,  the  current, 
taken  at  a  speed  of  20  miles  per  hour,  is  found  to  be  134  amperes,  which  for 
12  moton  will  be  1608  amperes  for  the  train.  Point  c  is  thus  located,  and 
the  current  taken  with  motors  in  multiple  is  twice  that  required  for  series 
running,  which  locates  point  d. 

At  22  miles  per  hour  the  curve  shows  that  the  motor  will  require  108 
amperes,  or  1296  for  the  12  jxkoton,  which  locates  point  c.  Table  II  gives 
the  looktion  of  all  the  points  on  tjhe  current  curve,  having  been  made  up 
from  the  curves  on  Fig.  41. 

Volteye  Cwrve.  —  It  is  only  possible  to  plot  this  curve  from  actual 
test,  thoui^  in  estimating,  it  is  common  practice  to  assume  an  average 
roltage  in  order  to  work  out  the  power  curve. 

IPower  or  Kilowatt  Curve.  —  This  curve  is  plotted  from  a 
eombination  of  the  current  curve  and  the  voltage  eurve^  the  instantaneous 
▼alues  of  each  being  multiplied  to  obtain  the  value  of  the  power  at  the 

Kint  taken.     For  simplicity  neither  of  the  last  two  curves  are  plotted  here. 
practice  the  kilowatt  curve  is  ordinarily  plotted  by  using  the  average 
line  potential  together  with  the  current  curve. 

Bxample  If  o.  U.  —  This  run  is  of  the  same  length  as  that  in  Example 
No.  I.  i.e.  one  half  mile,  but  instead  of  being  all  straight  and  level  track, 
includes  several  grades  and  curves  with  a  portion  of  track  which  is  straight 
and  level.  At  we  right  of  Fig.  43  is  shown  the  profile  and  contour  of  the 
line  giving  the  length  of  each  change,  and  opposite  each  section  will  be 
found  the  tractive  effort  per  ton  necessary  to  ovwcome  the  various  condi- 
tions, thus:  it  requires  13  pounds  per  ton  to  overcome  the  train  resistance 
on  strai^t  and  level  track;  grades  require  an  additional  20  pounds  per  ton 
for  each  per  cent  of  change,  and  the  values  are  shown  in  column  g.    In  the 
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third  oolimm  are  shown  the  various  efforts  per  ton  necessary  to  overoome 
the  resistance  of  the  curves,  at  the  rate  of  .  6  pounds  per  ton  per  desree. 
The  fourth  oolumn  shows  the  combined  values  ci  all  the  tractive  raTorts 
for  each  division  of  the  run,  and  in  the  last  oolunm  are  given  the  total 
teaotive  effort  for  the  train  of  130  tons  weight. 


vaMe  rr.  - 

—  Itato  for  Speed-Time  Curve,  FIc*  43. 

M.P.H. 

T, 
Per 

No. 

T, 
for 

IW. 

B. 

B 

Motor. 

Motors. 

Train. 

13027 

^ 

1408 

12 

17974 

-r  1690 

16284 

1.250 

21 

1300 

16600 

-  1690 

13910 

1.068 

22 

1100 

13200 

-  1690 

11510 

.883 

23 

060 

11520 

-  1690 

9830 

.754 

24 

870 

10440 

-  1690 

8750 

.672 

25 

780 

0120 

-  1690 

7430 

.570 

26 

700 

8400 

-  1690 

6710 

.515 

27 

V& 

7680 

-  1846 

5834 

.448 

28 

6960 

-  1846 

5114 

.393 

28.5 

560 

6720 

-  1846 

4874 

.375 

28.7 

550 

6600 

-  4290 

2310 

.177 

29.7 

500 

6000 

-  1924 

4076 

.313 

•  •  ■ 

•  •  • 

•  ■  • 

Coast 

-  1924 

1924 

-     .148 

20 

540 

6480 

-6890 

-    410 

-     .032 

*  •  • 

■  •  • 

6110 

-  1690 

+  4420 

+     .340 

•  e  t 

•  •  * 

•  «  •   • 

Braking 

-  1690 

-  1690 

« 

-  .130 

-  2.06 

Ooast 

-  1690 

-  1690 

-     .130 

Braking 

-  1.5 

Vable  v. — ]Hit»  for  IMstance-Tlme  <7iirve,  IHc*  49. 


Point 
Numbers. 

V. 

e. 

Total 
Time 
from 
Start. 

1.467  t< 
Distance 
Intervals. 

Total 
Distance 

from 
Starting 

Point. 

1 

6.25 

10.0 

10.0 

91 

91 

2 

16.50 

6.5 

16.5 

157 

248 

3 

21.00 

1.5 

18.0 

46 

294 

4 

23.00 

2.5 

20.5 

84 

378 

5 

25.00 

3.5 

24.0 

128 

506 

0 

26.50 

2.25 

26.25 

87 

593 

7 

27.60 

2.25 

28.50 

91 

684 

8 

28.13 

0.75 

20.25 

21 

705 

0 

28.60 

4.65 

33.90 

195 

900 

10 

20.70 

1.60 

35.50 

69 

1969 

11 

28.70 

5.50 

41.00 

238 

1207 

12 

20.00 

4.75 

45.75 

200 

1407 

13 

28.70 

7.15 

52.90 

300 

1707 

14 

20.50 

7.85 

60.75 

340 

2047 
2147 

15 

27.50 

2.5 

63.25 

100 

16 

23.70 

7.0 

70.25 

240 

2387 

17 

18.75 

5.0 

75.25 

148 

2527 

18 

11.25 

5.0 

80.25 

83.5 

2610 

10 

3.75 

5.0 

85.25 

28.5 

• 

2638 
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The  speed-time  curve  on  Fis.  43  is  worked  out  in  the  same  manner  ats  tfca4 
on  Fij;.  42,  except  that  while  the  speed-time  curve  in  Fig.  42  ma^  be  plotted 
without  reference  to  the  distance-time  curve,  in  the  case  of  Fis.  43,  they 
both  must  be  plotted  together«  as  care  must  be  taken  that  the  8i>eed>time 
curve  is  not  carried  beyond  the  point  where  the  tractive  effort,  and,  theref  oie^ 
the  acceleration  changes,  as  at  7*,  Tt,  Tt*  etc. 


Tabl«  VI.  —  CnrMBt  I»at»  for  IHc-  4t3. 


M.P.H. 

Amps,  per  Motor. 

Amps,  for  Train. 
12  Motors. 

20 

134 

1608 

22 

108 

1296 

24 

93 

1116 

26 

83 

996 

28 

75 

900 

30 

68 

816 

29 

71 

852 

Tables  IV  and  V  are  made  up  as  the  plotting  i>rosre80eB,  and  in  the  former 
mve  the  values  of  a  at  which  to  lay  the  speed-time  curve,  and  in  the  latter 
snow  the  distance  D  and  the  time  tu  being  respectively  the  distance  and 
time  from  the  starting  point  o. 

It  requires  conaideraDly  more  care  to  work  out  one  of  these  irregular 
curves  tor,  while  the  method  here  explained  is  probably  as  short  and  as 
simple  as  any,  yet  it  requires  much  cut-and-try  to  make  the  sections  of  the 
two  curves  fit  for  time  and  distance,  and  the  location  of  the  point  a,  at  which 
current  is  cut  off  and  ooastin|;  begins,  rec^uires  experience  and  judgment, 
in  order  that  the  total  area  of  the  speed-tune  curve  o,  p,  «,  n,  g,  may  equal 
that  of  the  schedule  o,  m,  x,  y. 

Both  the  previous  examples  have  dealt  with  short  runs  where  the  moton 
are  never  left  in  circuit  long  enough  to  reach  their  speed  and  currmt  limit. 
In  case  of  long  runs  as  on  suburban  lines,  current  is  left  on  in  full,  and  the 
train  is  acciderated  until  the  values  of  7*  —  iW,  and  B  is  thcnrefore  aero  and 
theses  is  neither  acceleration  or  deceleration^  the  train  moving  forward  at  a 
level  rate  of  speed,  as  the  tractive  effort  is  just  enough  to  overcome  the 
whole  train  resistance. 

The  values  of  T  and  tW  will  then  only  be  varied  by  grades  and  eurvcB, 
and  the  prolongation  of  the  acceleration  curve  will  have  to  be  plotted  to 
the  point  when  coasting  can  begin  in  order  to  complete  the  time  schedule. 
Of  course  if  the  track  is  straight  and  level,  after  7  »  (PT,  the  speed-time 
curve  will  be  straight  and  level  to  the  coasting  point  «,  and  the  current 
curve  also  will  have  reached  a  constant  value  and  its  curve  will  be  a  straii^t 
line  until  out  off  for  coasting. 

Curves  must  be  plotted  for  each  run,  then  motors  best  adapted  for  ail 
purposes  can  be  sdected  and  the  amount  of  power  needed  and  the  best 
equipment  for  producing  the  same  can  be  determined.  After  all  points 
have  been  carefully  considered,  due  attention  must  be  given  to  future  needs, 
and  great  care  be  taken  that  the  equipment  has  not  been  worked  up  to  s- 
fine  a  point  that  no  allowances  have  been  made  for  the  idiossmcrasiee  of 
the  motorman  who,  in  many  cases,  wiU  entirely  undo  all  the  results  of  fine 
calculation. 

Curves  like  that  in  Example  II  are  seldom  calculated  as  rollinjE-etook; 
being  operated  in  both  directions,  grades  practically  neutraliae  ea(£  other, 
so  that  a  curve  like  that  in  Example  I  for  straight  and  levd  track  is 
quite  aoourate  ftiough  for  all  practical  purposes. 
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VUr«  THS  CAPACIXY    OT    RAIXITAY  MOTOIifl 

ntOAC  PsiifoitHiAircx:  cuiiveii. 


The  limiting  condition  in  ratine  the  oapaoity  of  a  railway  motor  ia  the 
heat  developed  in  its  use. 

When  a  motor  is  carrying  any  load,  certain  copper  and  iron  losses  take 
I^ace  in  it,  which  depend  upon  the  load.  It  is  these  loeses,  which  appear 
as  heat,  that  tend  to  raise  the  temperature  of  the  windings.  Thus  a  loss  of 
three  watts  (neglecting  radiation)  will  raise  the  temperature  of  one  pound 
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of  coiyper  appitntmately  1^  C.  per  minute,  or  of  one  pound  of  iron  approxi- 
mately .8^  C.  per  minute.  The  copper  loss  depends  upon  the  current  only, 
and  Sb  proportional  to  ita  sauare,  but  the  iron,  or  core  loss,  depends  upon 
both  the  current  and  the  voltage  and  does  not  follow  an^  simple  law.    The 


aniperes  at  500  volte  produces  the  same  loss  as  105  amperes  at  306  volte. 

Owing  to  the  great  mass  of  metal  in  ite  frame,  a  motor  has  a  considerable 
amount  of  heat-etorage  capacity.  Instead  of  only  a  few  hundred  pounds  of 
eopper  in  the  windingi  to  be  acted  on,  the  temperature  of  the  frame  must 
also  be  raised;  when  cooling,  the  entire  maao  most  cool  oflF  aimultaneoualy* 
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That  is.  when  the  temperature  of  the  windinm  ia  rising,  that  of  the  f  rams 
must  abo  rise,  and  similarly  when  falling.  The  aetiud  temperatures  of  tlM 
different  parts  may,  of.  course,  be  widely  different.  Owing  to  this  aetioii, 
the  temperature  of  the  windings  of  the  motor  does  not  fluctuate  in  aeoord- 
anoe  with  the  instantaneous  losses  but  rises  at  a  fairly  uniform  rate  depending 
on  their  average  value. 

The  important  factor  as  repfds  the  effect  of  the  service  loads  on  tbs 
motors,  provided  that  the  maximum  loads  are  within  the  proper  limits^  ii 
thus  the  average  value  of  the  losses,  averaged,  of  course,  over  the  eatne 
time  of  the  oyole.    It  is  evident  that  the  average  copper  loss  in  any  case  li 
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equal  to  that  whieh  would  be  produced  by  the  continuous  application  of  « 
current  equal  in  value  to  the  root  mean  square  of  the  servioe  euirebta. 
Thus,  if  this  current  and  voltage  is  applied  to  the  motor  for  the  entire  cycle, 
the  average  losses  in  the  motors  —  both  copper  loas  and  iron  loss  —  will 
have  the  same  value  and  the  same  distribution  as  the  losses  due  to  the 
service  loads.  This  voltage  may  be  called  the  "equivalent "  voltage  of  the 
service. 

This  method  of  equating  the  servioe  loads  on  a  railway  motor  to  simple 
and  intelligible  terms  was  devised  by  Mr.  N.  W.  Storer.  of  Pittsburg,  and 
gives  a  convenient  way  of  expressing  the  servioe  capacity  of  railway  moton 
in  a  usable  manner.  .  .n 

The  limiting  capacity  of  any  type  of  motor  may  be  readily  expressed  by 
the  manufacturer  in  terms  of  the  current  (root  mean  square)  which  it  wiD 
earry  oontinuousiy  at  various  voltages  (equivalent  volta^Ee)  with  a  safe  rise 
in  tempenktiue.    In  i*>i^^ing  a  motor  for  a  given  service,  the  root  mean 
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Miuare  eurrent  and  equivalent  -voltaoe  can  be  oaloulated  from  the  speed- 
tame  eurves  and  a  comparison  of  these  results  ^th  the  values  allowable  for 
tlM  motor  in  question  will  determine  its  fitness.  Where  motors  are  already 
iastalled,  the  continuous  equivalwit  of  the  service  cim  be  found  by  means 
of  comparatively  simple  tests  and  the  relation  of  the  actual  loads  carried 
by  the  motors,  to  their  safe  capacity,  thus  determined. 

It  has  been  found  that  where  the  equivalent  voltaoe  is  less  than  300,  a 
reduction  of  voltage,  with  the  same  current,  makes  but  little  difference  in  the 
temperature  attained.  Even  when  the  e<iuivalent  voltsjte  is  changed  from 
300  to  400  volts  only  a  comparatively  sli^t  reduction  m  current  is  neces- 
sary in  order  to  maintain  the  same  tempwature  rise.  Thus  the  capacity 
need  be  stated  at  only  one  or  two  different  voltages. 

In  many  cases  where  tests  or  calculations  are  made  to  determine  the 
approximate  service  loads  on  a  motor,  the  average  voltage  at  the  motor 
terminab  is  a  sufficient  indication  of  the  iron  losses,  and  the  equivalent  volt- 
age need  not  be  determined. 

An  ammeter  in  the  drouit  of  one  motor  and  a  voltmeter  at  the  terminals 
of  the  same  motor,  read  at  suitable  intervals  during  a  typical  round  trip 
over  a  given  route,  will  thus  give  sufficient  data  for  determining  the  loa^ 
which  a  motor  is  carrying  in  service.  From  the  current  readinfls,  the  root 
mean  square  current  can  be  found,  and  from  the  voltage  readings,  the  average, 
or  the  equivalent  voltage.  The  starting  current  ia  a  most  important  factor 
in  determining  the  copper  loss,  hence  it  is  essential  to  get  an  accurate  idea 
of  this.  On  account  of  the  rapid  variations  of  the  current  while  the  car  is 
starting  and  the  short  duration  of  the  starting  currents,  readings  should  be 
taken  at  very  close  intervals,  preferably  at  intervals  of  five  seconds,  or  less, 
in  order  that  the  large  currents  used  in  starting  may  be  duly  represented 
in  the  results. 

The  capacity  of  a  railway  motor  is  expressed  in  two  different  ways : 

lat  C^materetal  llistlBC. — This  is  the  horse-power  output  of  the 
motor  that  will  give  a  temperature  rise  of  75°  C.  above  the  surrounding  air 
after  a  run  of  one  hour.  It  also  is  about  the  maximum  momentary  output 
which  the  motor  is  called  upon  to  deliver  in  service.  The  commercial  or  horse- 
power rating  of  a  motor  does  not  indicate  its  capacity  to  do  work  in  regular 
operation  where  the  demands  upon  the  motive  power  are  very  irregular; 
hence  there  has  arisen  the  need  of  a  service  rating  by  means  d  which  the 
proper  motor  can  be  sdeoted  for  a  given  service  without  the  necessity  of 
going  through  a  mass  of  tedious  calculations. 

ttnd  Service  Gupaclty. —  The  temperature  of  a  railway  motor  in 
service  should  not  rise  more  than  65°  C.  above  that  of  the  air,  as  a  higher 
temperature  is  liable  to  cause  deterioration  of  the  insulation  and  thus 
increase  the  cost  of  maintenance. 

The  most  convenient  service  rating  of  a  railway  motor  shows  the  relation 
between  the  rate  horse-power  (commercial)  and  the  weight  of  car  in  tons  it 
can  propel  at  any  speea.  Thb  should  be  given  also  for  ooth  single  car  and 
train  operation  m  order  to  comply  with  the  different  train  friction  rates 
with  different  composition  of  trains. 

Bxaasple.  —  Given  a  4S-ton  car  running  singly  at  45  miles  per  hour, 
what  OBjpacity  motor  ia  required  with  a  four-motor  equipment  7  See  curve 
sheet.  Fig.  48,  made  from  C"  friction  curve  for  single  oar  operation.  Four- 
motor  equipment  and  48  tons  gives  12  tons  i>er  motor.  Follow  12-ton  line 
horisontally  until  it  cuts  curve  labeled  45  miles  per  hour,  drop  to  scale  at 
bottom  and  find  115  horse-power  motor  required.  Select  next  larger  sise 
from  standard  lists  of  manufacturers. 

Curve  sheets  46,  47,  48  are  made  for 

"A"  Trains  of  10  cars  or  more. 
**B"  Trains  of  two  cars. 
'*C"  Single  cars. 

The  four  curves  on  each  plate  are  made  for  30,  45.  60  and  76  miles  per 
hour,  and  these  values  represent  the  maximurn  speed  the  car  wUl  reach  with 
550  volts  on  the  motors  and  on  a  level  tangent  track. 

Do  not  make  the  mistidce  of  choosing  a  motor  too  small  for  the  work  to 
be  done*  w  it  will  cost  more  in  the  end,  due  to  increased  cost  of  maintenance. 
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I«Aj*OTeni. —  Should  there  be  considerable  lay-over  at  the  ends  of  the 
run,  it  may  be  possible  to  sAeot  the  next  size  smaller  standard  motor  to  the 
one  indicated  by  the  cnrTos.  By  a  considerable  lay-over  Is  meant  15  per 
cent  of  the  rimuing  time.  Thus  a  run  of  20  miles,  requiring  00  minutes  for 
a  suburban  run,  should  have  a  lee-way  or  lay-over  at  each  end  of  the  ran  of 
10  minutes,  in  which  case  it  would  be  feasible  to  select  the  next  amidler 
standard  size  motor  than  the  one  indicated  by  curves. 
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SERVICB  CAPACITY  CURVES 

B-Friction  Curve 

660  Voieit 
OroM  ttcceleratlon  ISO  Dm.  nor  ton 
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«aAVHXOAl     APPROXiaiATIOlff    OF    ElVKBttT 
IUB4|,inUiBl»   FOR  BUBCTlftIO   CARA. 


TRAIN  PRIcnON  CURVES 
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Fxo.  49.    Friction  Curvet. 


ilet-^GiTen  an  eifl^t-car  train  for  a  schedule  tpeed  of  36  milee  i>er 
hour;  to  find  the  maxiTnum  speed  and  watt-houn  ];>er  ton-mile,  at  one 
stop  per  mile. 

Look  along  the  bottom  of  the  diagram.  Fig.  60.  for  one  stop  per  mile; 
vertically  above  this,  opposite  25  miles  per  hour  will  be  found  a  curve;  follow 
thie  curve  upward  to  the  left  to  the  sero  stops  per  mile  where  will  be  found  the 
maTimnm  speed  45  miles  per  hour.  Again,  above  the  one  stopper  mile  the 
mazimtmi  speed  curve  of  45  miles  per  hour  crosses,  opposite  68  watt-hours 
per  toa-miU  in  the  fint  column. 
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SPEED  AND  ENERGY  CUBVES 
A-Priction  Curve 

560  Volts 

OroM  acceleration  120  Lbs  per  Ton. 

Braking  120    •* 

Duration  of  stops  .16  Sec. 

Coasting  IQ    ** 
Lerel  tangent  track 
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Th«  oontrolling  factor  in  all  of  thase  ourves  ia  the  friction  curve,  which 
indiidcB  track,  rolling,  journal  and  wind-friction. 

The  oonatants  assumed  in  calculating  the  above  curvM  are  those  pertain- 
iM\g  to  average  high-speed  suburban  work  as  follows: 

Gross  accelerating  rate 120  lbs.  per  ton 

Braking  effort  (average) 120  lbs.  per  ton 

Duration  of  stop 15  seconds  each. 

Track  assumed  to  be  perfectly  straight  and  level. 

In  the  above  curves,  due  consideration  is  given  to  all  the  losses  occurring 
during  acceleration  with  the  standard  series-parallel  controller  and  dtrect- 
eunent  motors. 


Speed  M.  P.  B. 
Fw.  88.- Train  ReslstanoeCiUTfiB  fori  Car  Train 


The  hiertia  of  the  rotating  parts  of  the  equipment  generally  amounts  to 
6  per  cent  and  this  value  is  taken  throughout,  being  perhaps  a  little  hit^ 
for  the  hi^er  speeds  and  low  for  the  lower  speeds.  The  speed  curve  oia 
standard  126  horse-power  motor  is  used  throu^out.  The  energy  curves 
given  are  somewhat  affected  by  the  amount  of  coasting  done,  although  this 
u  not  so  determining  a  factor  in  high-speed  work  as  it  is  in  sIow-speecTaccel- 
erating  problems.  In  order  that  the  energy  curves  should  be  conservative, 
they  are  plotted  with  only  10  seconds  of  coasting  permitted  and  therefore 
the  schedule  8i)eed8  given  are  nearly  the  maximum  possible,  and  the  energy 
curves  given  are  also  practically  the  maximum  possible  with  the  maximum 
lumed.    Should  power  be  shut  off  earlier  and  more  coMting  be 
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permitted,  the  energy  oonsumption  would  have  been  deereaoed  and  tiM 
schedule  speeds  decreased  somewhat  also,  especially  with  the  mora  freqiMBl 
stops  per  mile. 

An  inspection  of  these  three  sets  of  curves  will  bring  out  the  very  sraaft 
effect  of  the  wind-friction  when  using  trains  of  one  or  two  cazs  at  very  nidb 
speeds:  in  fact  at  75  miles  per  hour  maximum  speed  the  operation  at  aingw 
car  trains  becomes  impracticable  with  light  40-ton  cars  of  standard  ooD8tni&> 
tion,  and  even  at  60  miles  per  hour  is  questionable.  To  quote  from  the 
curves,  it  requires  an  energy  consumption  of  47  watt-hours  per  ton-mile 
for  a  train  ol  several  can,  as  against  137  watt-boun  per  ton-milo  for  »  siiigle 
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jfo.ofiiiitiaj6. 


ear  operating  at  75  miles  |>er  hour  without  stops;  that  is,  a  single  oar  opera- 
tion would  aemand  3.7  times  the  vantf/y  per  ton  that  would  be  required 
for  the  operation  of  a  train  of  many  similar  cars.  Even  a  two-car  train 
will  require  but  92  watt-hours  per  ton-mile,  or  only  67  per  cwit  of  the  energy 
required  per  ton  for  single  oar  operation.  As  these  vaiues  are  for  oonstant- 
speed  nmning,  while  more  or  less  frequent  stops  would  obtain,  a  comparison 
at  say  one  stop  in  4  miles  would  be  nearer  the  actual  results  in  praotioe. 
Here  a  single  car  requires  157  watt-hours  per  ton-mile,  a  two-car  train 
requires  120  and  a  train  of  several  oars  79  watt-hours  per  ton-mile. 

With  one  stop  in  8  miles  it  is  possible  to  make  a  schedule  of  61  mOes  per 
hour  with  maximom  speed  of  7o  miles  per  hour,  and  a  schedule  of  28  mues 
per  hou^  with  maximum  speed  of  30  miles  per  hour.    If  stops  be  incrsaaed 
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00  that  they  aywage  one  jmr  milot  however,  the  schedule  speed  possible  with 
a  w*i^^Tnnm  speed  of  76  miles  per  hour  is  dropi>ed  to  20  miles  per  hour,  while 
the  30  miles  per  hour  maxinnim  speed  permits  of  a  schedule  speed  of  22 
miles  per  hour.  Thus  while  30  miles  is  but  40  per  cent  of  the  higher  maxi- 
mum speed  it  permits  a  schedule  at  one  stop  per  mile  of  76  per  cent  of  that 
poasible  with  76  miles  per  hour  maTimnm  speed.  The  fallacy  of  using  high- 
speed equipments  for  frequent  stops  is  forciblv  brou^t  out  by  referring  to 
the  energy  curves  in  Figi.  50,  51,  and  62.  With  one  stop  per  mile  it  requires 
200  watt-hours  per  ton-mile  with  75  mile  maximum  speed  equipment,  and 
the  30  miles  maximum  speed  eauipment  can  obtain  76  per  cent  of  the  same 
schedule  with  an  expenditure  of  only  28.6  per  cent  ci  the  energy. 

flga.  53  and  64  show  the  comparative  values  of  train  resistance  as  deter- 
mined by  various  authorities.  Following  are  several  train  resistanoe 
fonnulsB. 

Baldwin,  R  «  8  +  J 

Y 

Engineering  News,  fi  —  2  4*  t- 

Davis  (46.ton  oar),  J8  -  4  +  .13  V  +    ^»^^^  jn-  .Kjy  -  i)J 
Smith,  fi  -  8  +  .167  V  +  .0026^  F> 

MaOloux,  R^(^^g)^A5V+  '^^^^ '^  V». 

Where 

R  —  resistanoe  in  pounds  per  ton.  6  ->  oonstant  depending  on  diame- 

V  —  velocity  in  miles  per  hour.  ter  of  wheels  and  journals  (6  to  9). 

A  —  cross  section  of  car  in  square  feet,  g  ■"  oonstant  depending  on  condi- 
T  —  weii^t  of  trahi  in  tons.  tion  of  track  (2  to  6). 

N  -"  number  of  cars  per  ton.  n  —  total  number  ol  cars  in  train 


Railway  motor  characteristics  are  generally  expressed  in  curve  form  as 
meed  in  miles  per  hour  for  33  Inch  wheel,  tractive  effort  at  the  rim  of  a 
a3-inch  wheel  and  efficiency.  The  efficiency  is  ordinarily  expressed  as 
<he  rriation  between  the  electrical  input  to  the  motor  and  the  mechanical 
output  from  its  armature  shaft.  When  the  losses  in  the  gears  connecting 
the  armature  shaft  with  the  car  axle  are  also  deducted,  the  efficiency  thus 
obtained  gives  the  relation  between  the  electrical  input  to  the  motor  and 
the  output  at  the  rim  of  the  car  wheel.  This  relation  is  ordinarily  referred 
to  as  efficiency  with  gears.'*  The  efficiency  with  gears  is  the  one  most 
generally  used,  althouij^  it  is  best  to  have  both  given  in  order  to  eliminate 
errors  made  by  determining  gear  and  friction  loeses  by  different  methods  of 
onegnal  degree  ol  aoouracy. 

MotcM*  <£fcraoteri8tics  fcmn  the  basis  of  all  calculations  involving  maxi- 
mum and  schedule  SjPoeds  and  are  generally  determined  for  500  volts, 
althouch  nearly  aD  railway  motor  are  now  designed  to  operate  at  600  volts. 
Several  tsTpicaTmotor  eharaeteristics  follow.  It  is  not  practicable  to  include 
more,  as  stj^  of  motom  change  so  rapidly. 

NoTB.— In  ehanging  gear  ratio  on  the  same  class  of  motor  the  sum  of  the 
Bomber  of  teeth  injraar  and  pinion  must  always  be  the  same.  For  example, 
for  QE-^S8-A-3;  (i£r-58-A-4;  the  sum  of  the  number  of  teeth  in  gear 
and  pinion  is  always  84. 
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Gotahall  gives  the  following  as  a  method  of  approzimatins  the  dmaumd 
for  energy  of  an  eleetrio  railway. 

Let 

W  —  maximum  wei^t  oi  loaded  oar*  or  train  unit*  in  tons  of  2,000  pounds  ( 
D  —length  of  road. 

T  —time  in  minutes  occupied  in  running  between  termini  —  sin^^e  trip. 
K  —  energy  consumption  in  watt  hours  per  ton  mile. 
N  —  number  of  cars  or  train  units  on  the  road  during  time  of 
service  of  minimum  headway. 

Then. 
IF  X  i>  -  ton  mile  per  trip  -  P. 

P  y.  K 

0^^    —  energy  per  trip  in  kilowatt  hours. 
P  XK 


maxunum 


60 


1000 

P  XK 

1000 


60 
X  fp 


—  mean  rate  of  energy  input  per  ear  or  train  unit. 

X   iV  —  A  —  total  maximum  average  energy  required  at  the 

car  motors  for  maximum  service  condition. 
If  to  the  foregoing,  25  per  cent  be  added  for  transmission  losses  and  beat 
and  light, 

— 1000  X  r  X    75 "  ^'^^ f "  maximum  average  demand— £. 

To  R  must  be  added  the  fluctuations,  which  will  vary  from  .2Rto  .33  £. 
as  the  number  of  train  units  in  regular  service  are  great  and  the  average  load 
consequently  relatively  high,  or  as  the  number  of  train  units  In  rmJar  ser- 
vice are  few  and  far  apart,  and  the  consequent  relative  increase  or  the  load 
during  certain  hours  relatively  Sgraat. 

In  the  foregoing,  the  quantity 7C  is  the  important  quantity.  K  will  vary 
with  the  schedule  and  the  location,  the  distance  between,  and  number  of 
stops  and  stations,  as  well  as  with  the  alignment  and  gradients.  Table  VIL 
has  been  compiled  from  data  showing  relations  between  schedule  speed 
and  energy  consumption  in  watt  hours  per  ton  mile.  These  figures  arc 
based  upon  approximately  straight  and  levd  roads.  As  the  effect  of  grades 
upon  ener^  consumption  is,  to  a  large  extent,  compensating,  the  data  may 
be  used  with  safety.  The  compensating  effect  above  referred  to  is  due  to 
the  fact  that  while  a  car  going  up-grsde  is  consuming  more  energy,  per 
contra  a  car  going  down-grade  consumes  much  less  or  none,  thereby  eqial- 
ising  the  effect  of,  or  compensating  for,  the  gradients. 

Table  Vn. 


Watt  Hours  per  Ton  Mile  for  Schedule  Speeds  of 

Distance  between 
Stops. 

40  miles 

35  miles 

30  miles 

'  25  miles 

20mUes 

15miks 

perhr. 

perhr. 

perhr. 

perhr. 

perhr. 

perhr. 

Miles. 

Feet. 

3 

15,840 

110 

80 

78 

65 

53 

40 

2k 

13,200 

121 

90 

83 

74 

54 

40 

2 

10.560 

142 

99 

86 

80 

60 

41 

u 

7,920 

123 

95 

85 

68 

43 

1 

5,280 

128 

90 

74 

50 

1 

2.640 

145 

119 

56 

1.320    . 

120 

Train  friction  in 

pounds  per  ton 

35 

30 

27.5 

25 

20 

15 
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The  brealdnc  effort  or  retardation  is  taken  at  IfiO  pounds  per  ton.  The 
stops  are  taken  at  15  seconds  each,  except  in  the  case  of  the  15  miles  per 
hoar  schedule,  wheie  the  stop  is  taken  as«10  seconds. 

The  foregoing  figures  are  lor  cases  of  approximately  level  and  approxi- 
mately straidbt  roads. 

For  a  schedule  of  40  miles  per  hour  the  speed  attained  will  be  between  60 
and  05  miles  per  hour.  A  schedule  of  25  miles  will  require  speeds  of  from 
40  to  50  miles  per  hour,  etc. 

The  rate  of  acceleration  for  the  long  runs  varies  from  75  to  110  iwunds  per 
ton.  Boing  as  high  as  210  pounds  per  ton  for  short  runs. 

The  foregoinf^  applies  to  sin^e  car  imits.  If  units  of  more  than  one  car 
be  used,  the  fnotion  in  pounds  per  ton  will  decrease  and  with  it  will  also 
deereaae  the  enecgy  oonsumption  in  watt  hours  per  ton  mUe. 


ftYftmn  or  muLTMjUVArr  HOTOiift. 

The  use  of  the  sini^e-phase  commutator  type  motor  for  dectric  traction 
as  first  seriously  advocated  by  the  Westinghouse  Electric  A  Manufacturing 
CcMnpany,  and  a  description  of  a  single-phase  system,  proposed  by  that 
oompany  for  the  Washington,  Baltimore  &  Annapolis  Itauway  was  read  by 
Mr.  B.  Q.  Lamme  before  the  American  Institute  ol  Electrical  Engineers  in 
Ootober,  1902.  The  development  of  this  type  of  motor  was  at  once  taken 
ap  by  other  manufacturers  moluding  the  General  Electric  Company  in  this 
country  and  a  number  of  prominent  companies  in  Europe.  The  first  rail- 
way to  employ  Uie  system  on  a  large  commercial  scale  was  the  Indianapolis 
St  Cincinnati  Traction  Company  which  began  opwation  over  a  short  portion 
of  its  track  on  December  36,  1904. 

Pmctically  aU  manufacturers  employ  a  laminated  field,  an  armature  wind- 
ing similar  in  ;^neral  to  that  used  in  direct-current  machines,  and  an  auxiliary 
or  compensating  iTinding  on  the  field,  to  neutralise  the  armature  reaction. 
In  general,  also,  the  single-phase  motors  of  all  manufacturers  are  designed 
for  operation  on  250  volte  or  less. 

A  frequency  of  twenty-five  cycles  has  been  used  exclusively  in  this  country. 
In  Europe,  however,  some  roads  employ  this  frequency,  some  lower  and 
some  hiffMT  frequencies.  Lower  frequencies  are  now  being  advocated  in 
the  United  States. 

Siaes  of  motors  up  to  250  horse-power  have  been  built.  Those  in  service 
at  the  present  time  ranfse  from  40  to  150  horse-power  and  are  used  in  both 
two  and  four-motor  eqmpments. 

One  of  the  essential  advantages  of  the  single-phase  S3rstem  is  the  economy 
of  feeder  copper  which  is  secured,  due  to  the  use  of  a  high  trolley  voltage. 
The  hi^er  the  voltage  the  greater  the  saving  thus  effected.  On  the  other 
band^  the  greater  the  trolley  voltage  the  greater  the  difficulty  of  insulating 
the  hne. 

Trolley  voltages  of  3300,  6000.  11.000  and  as  high  as  13.000  are  in  use. 
No  attempts  have  been  made  to  standardise  trolley  voltages  at  present,  but 
the  genexal  tendency  seems  to  be  toward  the  use  of  660O  volts  for  ordinary 
trolley  roads  and  of  11,000  volts  for  the  electrification  of  existing  steam 
railways. 

Sinfle-phase  equipments  in  snneral  include,  in  addition  to  the  motors,  a 
speeaally  designed  trolley  to  collect  the  high-voltage  current,  a  transformer 
to  reduce  the  voltage  for  use  at  the  motors,  and  the  necessary  controlling 
devices  to  regulate  the  supply  of  the  current  and  control  the  speed  of 
the  car.  These  latter  devices  consist  of  drum-type  controllers  for  smalt 
equipments  and  single  car  operation  and  unit  switches  operated  by  inde- 
pendent power  for  large  equipments,  or  where  multiple  unit  service  is 
desired. 

The  sini^e-phase  alternating  current  motor  wilt  operate  equally  wdl  on 
direct  current  of  the  proper  voltc^  and  by  connecting'  two  or  more  motors 
in  series  a  sini^e-phase  car  equipment  can  be  arranged  to  run. from  an 
ordinary  direct-current  troUey  as  well  as  from  a  high  voltage  single-phase 
trolley.  IT^th  such  an  arrangement,  cars  can  be  run  over  toe  same  tracks 
ae  ordinary  dty  cars  when  entering  a  town. 
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F!cui«  81  ahoivs  a  sdiematio  diagram  of  a  ear  equipment  for  multiple 
mut  ofMration  on  either  direct  or  aTtemating  ourrent.  In  this  equipment 
the  mam  oirouits  are  opened  or  elosed  by  unit  switohea  operatedby  com- 
raeeeed  air  from  the  brake  system  in  the  same  way  as  those  employed  in 
the  Westinshouse  umt  switoh  system  of  oontrol  for  direot^ounent  motors. 
The  mam  switches  are  oontroUed  by  means  of  manet  yalves  opeiated 
throu^  auxiliary  circuits  from  a  master  switoh.  The  auxiliary  circuits 
aje  carxied  from  car  to  ear  by  flexible  connections  in  the  usual  way  so  that 
the  operation  of  the  master  switch  on  any  car  operates  the  main  switches 
on  all  motor  cars  simultaneously.    See  Figs.  81  and  82. 

The  auxiliary  drouits  between  the  master  switch  and  the  main  switches 


Jk.C.Troller       D.C.Troiley 


Obvali 


ey  SwiMh 


Unit  IwltdiM 
i*      §t      o4       ^S 


-L.A.        ^  Vie  o— 


O  Btumlnt  MotchM 


Fio.  81 .    Schematic  Diagram  of  Westinghouse  A.  C. —  D .  C.  Oar  Equipment. 


are  led  throu^  an  automatic  change-over  switch,  whieh  normally  remains 
in  the  position  for  direet^urrent  operation  but  which  changes  to  the  position 
for  aJtemating-current  operation  ^enever  alternatin|;  current  is  supplied 
to  the  car  transformer.  By  this  arrangement  operating  the  same  master 
controller  closes  di£Ferent  main  switches,  according  to  whether  direct  ourrent 
or  alternating  current  is  being  used  hy  the  car. 

For  the  sake  of  clearness  the  auxiliary  circuits  are  not  shown  on  this 
diaoam. 

Figure  83  shows  a  schematic  diagram  <rf  a  car  equipped  with  four  50  horse- 
power sindle-phase  motors  for  operation  on  3300  volts. 

^gure  84  shows  diagram  of  connections  for  a  quadruple  equipment  of 
75  horse-power  motors  with  hand  control,  as  suppliea  by  the  Qeneral  Electric 
Oompany  for  operation  on  alternating  current  only,  and  figure  85  shows 
diagram  of  connections  for  the  same  equipment  with  multiple  unit  control 
for  opwation  on  both  alternating  current  and  direct  current. 

Figure  85  shows  performance  curves  of  typical  sinjde-phase  motors 
nwnufaotured  by  the  Westin^ouse  and  General  £leotric  Companies. 
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Fio.  82.     Diasnun  of  Apparatua  for  Unit  Switch  System  of  Multipla  Oontral. 

A.  G.  £qiiipmen*t. 


\CtnMSkr 


%AtrfkHi 


A/om 


Fio.  83.    Diagram  of  Apparatus  for  Hand  Control,  A.  C.  Equipment 


leral  ISlectrIc  Conapanj** 

fkjateai 


PotoBtiaU  CknatMl 


This  being  a  system  of  hand  control  for  alternating  current  running  only, 
It  is  less  complicated  and  somewhat  lighter  than  a  train  system.  TheGeiMnl 
EUectTic  potential  control  is  also  used  for  oombined  alteniating  current  and 
direct  current  running  b;)r  the  addition  of  starting  resistances  and  a  oommo- 
tating  switch,  whose  office  is  to  make  the  necessary  change  in  connection. 
This  potential  control  gives  a  hisher  efficiency  eqmpi 
by  any  form  of  resistance  oontrol. 


eqmpment  than  is  piovidsd 
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BWS^MJMnXJLBM  MOTOR  CHiURACnitniTICS. 

Following  are  a  number  of  ciirvw  showinc  the  oharaoteristics  of  the 
Oeneral  Electric  and  WeetinKhouBe  single-phase  railway  motors  ojf  this  date, 
NoTember,  1006. 
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^TelirMs  of  AltmrmmUmtr<^mrr9mt  Motor  S««lpBi«Mtv. 


The  altematinc-ourrant  moton  are  Bomewhat  heavier  than  direct-ourreat 
motora  of  equal  eapaoity. 


CoBiparatlTe  fVeiirkte  tA  Hore«-Power»  Womr  Motor 

SqaipaieMt. 

Direct  Current.  Altematinc  Current. 

Cbrbody 22.000  Ibe.  22.000  Ibe. 

TruokB         14.000  Ibe.  14.000  Ibe. 

Motors          -.    .   15.000  lbs.  20.000  Ibe. 

Tiunaformen  and  control       6,000  lbs.  8.000  lbs. 


Total  57.000  Ibe.  64,000  Ibe. 

Inoreeeed  weight  jJ  q  ■■  12.3  per  cent  for  total  equipped  oar. 


KmOH  SPAKl^  TRIAI^S  OM  1LAM.M  BIiaCTUO 


The  motor  equipment  of  car  No.  18  with  which  the  records  were  made 
eomprisee  four  G.  E.  No.  66  125  horse-power  motors,  and  Q.  E.  type  C 
eontroller,  connected  up  for  train  control.  A  speed  of  65  milee  per  nour 
was  attained  at  a  pressure  of  575  volts.  The  car  requires  between  400 
and  600  amperes  during  acceleration,  and  260  amperes  at  full  running 
speed.  It  is  vestibuled  at  both  ends,  seats  56,  and  is  40'  6'  long  by  8'  6' 
wide,  weighing,  loaded.  36  tons. 

On  a  night  run  from  Fremont  to  Toledo  and  return,  with  a  loaded  car 
weighing  36  tons  and  with  a  clear  track,  the  distance  of  33.16  miles  was 
covered  in  I  hour.  11  minutee  and  10  seconds  on  the  down  trip  and  1  hour 
and  10  seconds  on  the  back  trip,  an  average  of  34.3  miles  per  hour  on 
the  down  tri^  and  35.3  miles  per  hour  on  return  trip.  From  Fremont  to 
the  Toledo  dty  limits.  30.42  miles,  the  time  was  52  minutes  and  10 
seconds,  and  on  the  return  trip  44  minutes  and  30  seconds,  the  former 
an  average  of  41.2  miles,  and  the  latter  an  average  of  41.85  miles  per 
hour.  It  will  be  noticed  from  the  accompanying  table  marked  **  theater 
run."  that  when  the  car  was  making  its  highest  speed  the  watts  per  ton 
mile  were  practically  equal  to  the  speed  in  miles  per  hour.  The  current 
consumption  within  the  city  limits  of  Toledo  where  city  cars  were  in 
operation,  and  where  there  were  many  bad  curves,  was  about  three  times 
as  great  as  on  a  straight  level  track  and  with  less  than  one-fifth  the  speed. 
The  increase  of  current  oonsumptioDL  caused  by  grades  and  curves  is  also 
marked. 
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By  W.  E.  Goldaborough  and  P.  E.  Fansler.    Trans.  A.  I.  E.  E. 
Tbbxs  Madb  upon  Cars  of  thb  Union  Tbactzon  Company  or  Imdzaim. 

The  cars  used  measure  52  feet  6  inches  over  all  and  weigh  63,100  pounds. 
The  motive  power  equipment  consists  of  two  number  50  C  Weetinghooss 
motors,  wliicn  are  mounted  on  the  forward  truck  and  are  nominally  rated 
at  150  horse-power  each.  The  motors  are  geared  with  the  ratio  oi  20  to 
51  and  are  geared  to  36-ineh  wheels.  Records  were  obtained  from  10 
oars  of  this  type. 

The  following  tables  give  the  results  for  several  different  ears  used  on 
various  rotites.  a  special  test  of  three  oars,  and  a  table  showing  the  personal 
faetor  of  different  motormen: 


Vable  X.     VnOn  IiOfr. 


Train  No. 

Car  No. 

Direction. 

K.W.H* 

K.W.u. 
PerCbrMUa. 

1 
12 
19 
28 
35 

246 
246 
246 
246 
246 

East 
West 

East 
West 
East 

131.2 
128.5 
125.6 
134.8 
119 

2.32 
2.28 
2.21 
2.38 
2.11 

Avenure.  E2ast  .                                                              ... 

2.21 

Average.  West 

2.33     ' 

9L 
18L 
25L 
34L 

250 
250 
250 
250 

East 
West 
East 
West 

107.4 
123.8 
108.5 
119.6 

1.9 

2.19 

1.92 

2.11 

Averace.  East  .                                                 

1.91 

Averace.  West 

2.15 

39 
32 
44 

252 
252 
252 

East 
West 
West 

128.7 
139.5 
113.1 

2.27 
2.46 
2X0 

Average,  East 
Averase.  West 

• 

2.27 

2.23 

6 
13 
22 
29 
41 
42 

254 
254 
254 
254 
254 
254 

West 
East 
West 
East 
East 
West 

142.5 

137.6 

139.2 

162 

119.0 

126 

2.52 
2.43 
2.46 
2.86 
2.10 
2.23 

2.46 

Average.  WmH: 

2.40 
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'•  —  Cor»lwitt«i. 


TtAinNo. 

Oar  No. 

Direction. 

K«  TT  •Ha 

K.W.H. 
Per  Car  Mile. 

lOL 
17L 
26L 
33L 

255 
255 
255 
255 

Wtmt 
Eart 
West 
East 

101.0 

06.0 

106.0 

101.0 

1.77 
1.70 
1.87 
1.78 

ATonffo.  Elact . 

* 

1.74 

Average,  Wert 

1.83 

2 
7 
15 
16 
23 
38 

260 
260 
260 
260 
260 
260 

West 

East 

East 

West 

East 

West 

122.4 
130.6 
127.5 
114.2 
133.5 
128.5 

2.16 
2.30 
2.25 
1.85 
2.35 
2.27 

Average,  £ 
Average,  ^ 

art. 

2.30 

2.09 

31 

8 

24 

261 
261 
261 

East 
West 

West 

156.5 
142.0 
132.8 

2.50 
2.51 
2.34 

Average.  Kant  .                                      

2.59 

Aven^ceb  ^r  est 

2.42 

• 

30 

3 

14 

21 
37 

262 
262 
262 
262 
262 

West 
East 
West 

East 
East 

127.0 
111.0 
122.0 
123.0 
112.5 

2.24 
1.96 
2.15 
2.17 
1.98 

Avernm.  T*^i^  . 

r 

2.03 

Average.  Weet 

2.19 

11 
20 
27 
40 
43 
4 

263 
263 
263 
263 
263 
263 

East 

West 

East 

West 

East 

West 

124.5 
135.5 
94.5 
134.0 
118.5 
140.0 

2.20 
2.39 
2.48 
2.37 
2.09 
2.48 

AveragAi  JSBMt . 

2.26 

Average,  Wa«<^ 

2.41 
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Number  of  ear 

255 

253 

292 

Servioe,  weet  bound 

semi-limited 

fecal 

finuted 

Weight 

63.100 

2^:48 

122 

63.100 

63.100 

QeAr  nttioff     ......    r    t    r 

20:51 
156 

20:51 

Total  time  trip,  min 

126 

Time  urban  work,  min 

44 

40 

34 

Time  interurban  work,  min.    .    . 

78 

116 

92 

Average  q>eed  for  trip,  m.p.h.    . 
Average  urban  ep^d.  m.p.n.  .    . 
Average  interurban  Mpeed,  m.p.h. 

28 

22 

27 

8 

9 

10 

39 

26 

33 

Total  starts 

18 

5 

13 

44 
15 
29 

12 

Urban  flt&rts 

7 

Interurban  starts 

5 

Maximum  speed,  m.p.h.  .... 

64 

52 

*       *       •       ■      ■ 

Running  speeds 

60-65 

40-15 

40-45 

Running  currents 

173 

145 

145 

Train    resistance    corresponding 

lbs.  per  ton 

27.7 

19.9 

19.9 

Time  to  reach  25  m.p.h 

30 

30 

30 

Acceleration  current,  max,  series 

280-340 

200-300 

200-300 

Acceleration  current,  max.  par  . 

320-540 

250-800 

250-300 

Consumption,  k.w.h.,  p.cm.,  west 

2.20 

2.44 

2.10 

Consumption,  k.w.h..  p.cm.,  east 

2.38 

2.80 

2JS2 

Consumption,  watt-hour  per  ton 

mile,  west 

69.7 

77.5 

66.7 

Consumption,  watt-hour  per  ton 

mile,  east 

75.5 

89.0 

73.5 

95.6 

92.1 

78.0 

8q.  root  mean  sq.  current,  ea«t  . 

105.5 

98.4 

87.2 

Running  factors,  west 

43.5 

37.8 

36J 

Running  factors,  east 

43.3 

31.5 

37.6 

Average  voltage,  west 

485 

429 

Total  consumption  k.w.h.,  west  . 

124.9 

188.0 

li&8 

Total  consumption  k.w.h.,  east  . 

134.3 

176.2 

131.2 

Tal»le  XJO. 


•1  Facter  mf  H«toi 


Namb. 

East. 
Total  K.W.H. 

West. 
Total  K.W.H. 

Tripa 

Min. 

Average 

Max. 

Min. 

Awage 

Max. 

East 

W«l 

EUer  .  .. 
Lee    ,    . 
Robbini 
Qreen 
Young  .    . 
GriflSn    .    . 
E«mbry  .   . 

122 
116 
122 
113 
118 
124 
108 

135 
121 
131 
123 
122 
130 
126 

127 

148 
126 
138 
131 
128 
140 
154 

114 
124 
119 
126 
112 
127 
134 

125 
129 
124 
134 
128 
181 
135 

130 

136 
130 
128 
141 
146 
134 
185 

6 

4 
4 
8 
3 
8 
8 

26 

6 
4 

4 
3 
6 
4 
2 

» 
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RAILWAY  MOTORS,  STANDARD  SIZES  AND  RATINGS.   729 


Vw«  H«tor  ▼••  F«ar  H«toi«  per  Car. 

Tbst   bt  Unrso   Railways   and   Elbctric   Compant   or  Baltimoiib. 

Rbpobted  bt  H.  H.  Adaub. 

.  Gab  No.  710.  —  31-foot  body;  double  tnioki;  33-inoh  wheel*:  weight. 
45,000  pounds  empty;  seats  44  psiawigwri;  4  Westinghoose  101  B  niotors; 
gear  ratio  1:3.66. 

Car  No.  730.  —  31  foot  body;  maTimum  traetioii  truek;  33-inoh  driving 
wheels;  weight.  31,700  pounds  empty;  seats  46  passengers;  2  Westinghouse 
66  motors;  gear  ratio.  1 :3.66. 


Tbst. 

Oar  No.  710. 

Relative 
per  cent. 

Gar  No.  730. 

Relative 
percent. 

Horse-power  .    .    . 

160 

100 

110 

68.7 

Gear  ratio   .... 

18:66 

100 

18:64 

97 

Average  kw.   .    .    . 

28.47 

100 

25.66 

90 

Average     ainperes 

(assuming  600  v.) 
K.W.H.  per  car  mile 

56.96 

100 

50.6 

90 

3.525 

100 

3.17 

90 

Watt-hours  per  ton 

mile 

165.5 

100 

200 

128 

Average       number 

passengers  carried 

per  round  trip     . 

145 

100 

148 

102 

( 


(atlway  HKetora,  Steadiard  MB«a  mwA  Matlacs,  !(•▼•  !•••. 


Type. 

Make. 

Rating. 

Weight. 

12A 
49 

Westin^ouae 

30  H.P. 

35     " 

2200  Iba. 
1920     • 

92 

•« 

35     " 

2265    " 

68 

•« 

40     " 

2280   " 

101 

«• 

40     •• 

2730   •• 

38B 

It 

45     " 

2390   •• 

66 

■• 

50     " 

3000   '• 

93 

«• 

50     " 

3350    " 

112 

ii 

65     " 

3490   •• 

76 

«• 

75     '• 

3840   •• 

121 

■■ 

90     " 

4300    " 

119 

M 

125     •• 

4600    •• 

60F 

It 

150     •• 

6550    •• 

114 

ii 

160     " 

6300    •• 

86 

ii 

200     " 

6600   " 

113 

ii 

200     " 

6560   " 

Weight  including  Gear 
and  Gear  Case. 

G.E.  800 

Gen.  Elec. 

25H.P. 

1800  lbs. 

62 

(t              ii 

26     " 

1725    " 

••    1000 

M                 i« 

36     •• 

2180    '• 

67 

•1                 M 

40     " 

2385    " 

70 

M                «• 

40     •• 

2530    " 

-       80 

M                 M 

40     " 

2530   " 

-        67 

Ii                  M 

60     " 

2972    " 

-       74 

«•                 M 

66     " 

3534   " 

-       73 

••                •« 

76     •• 

4022   ** 

••       66 

•«                 •• 

126     " 

4378   '• 

-       66 

•  i               11 

160     " 

6416   •• 

"       09 

•i               ii 

200     " 

6100   •• 

730 


•ELECTRIC  RAILWAYS. 


ir«iriite  •f  liaii 


■s,  Oar  Irirlng-  mmik 


m 

Type  of  Motor. 

Number  of 
Motors. 

Type  of 
Control. 

Weisht. 

O.E.  800 

2 

KIO 

4.750  Ibe. 

"     800 

4 

K    6 

8.740    " 

"       62 

2 

KIO 

4390    •• 

••       62 

4 

K12 

8.100    " 

••   1000 

2 

KIO 

5310    •• 

"   1000 

4 

K    6 

10,290    •• 

•'       67 

2 

KIO 

5.710    '• 

••       67 

4 

K    6 

11.090    •• 

••       57 

2 

Kll 

6.994    " 

"       67 

4 

K14 

14.108    " 

"       74 

2 

Train  TypeM 

9,000    " 

-       74 

4 

«• 

16.586    - 

"       73 

2 

«f 

11.044    •• 

-       73 

4 

•« 

20.768    " 

-       66 

2 

•• 

13.230    •' 

-       66 

4 

4« 

23.760    •• 

••       56 

2 

•• 

13^80    " 

"       65 

4 

«• 

26.640    " 

••       69 

2 

«l 

13.600    - 

"       60 

4 

«• 

26.600    •• 

WMtii]8houMl2A 
^^           12A 

2 

KIO 

6,400    - 

4 

K12 

10,100    •• 

49 

2 

KIO 

4.900    " 

49 

4 

K12 

9,300    - 

92A 

2 

KIO 

5.570    " 

92A 

4 

K28 

10.500    •• 

68 

2 

KIO 

6.700    " 

68 

4 

K    6 

10.700    - 

lOlB 

2 

KIO 

6.600    •• 

lOlB 

4 

K28 

12.600    •• 

38B 

2 

Kll 

5.950    •• 

38B 

4 

K14 

12.150    •• 

lOlD 

2 

Kll 

6.600    •• 

lOlD 

4 

K28 

12.500    - 

••            66 

2 

Kll 

7.200    - 

66 

4 

K14 

14.600    " 

93A 

2 

Kll 

7310    - 

93A 

4 

K14 

14.700    - 

76 

2 

K    6 

9.450    " 

76 

4 

L    4 

19.000    - 

112 

2 

K28 

8.000    - 

112 

4 

L    4 

15.750    •• 

08A 

4 

Unit  Switch 

15,145    •• 

••          112 

4 

•« 

16.205    •' 

121 

2 

•• 

10370    - 

121 

4 

M 

19,485    •• 

119 

2 

N 

11,496    - 

119 

4 

M 

21.100    - 

114 

2 

•1 

12.916    - 

114 

4 

«< 

24.456    " 

118 

2 

•• 

16.785    •• 

118 

4 

I* 

29.636    " 

COPPER   WIRE   FUSES  FOR  RAILWAY   CIRCUITS.     731 


oroiii^va  AmD  Homsa-voirui. 


H.P.  per  Lb.  Applied  at  Periphery  at  100  Rer.  per  Min. 


Diameter 
Wheel 

26' 

28* 

30* 

38' 

SO* 

H.P. 

.02062 

.02221 

.0238 

.02618 

.02856 

Pounde  at  Periphery  per  H.P.  at  100  Rev.  per  Min. 


Diameter 
WheeL 

26' 

28' 

30* 

33' 

36' 

Lbc 

48.481 

45.018 

42.017 

38.107 

35.014 

Lbe. 


126060.0  X  H.P. 
Diam.  X  Rer. 


H.P.  >-  .00000703  X  diam.  wheel  X  rev.  X  lbe.  at  periphery. 

lery  at  one  mile  per  horn*  »  .002667. 
Lba.  at  periphery  pier  H.P.  at  one  mile  per  hour  «  374.0. 


H.P.  per  lb.  at  periphery  at  one  mile  per  horn* 


ir«t«  •m  Bmevvemcy  Braklar  of  Cars. 

In  ease  of  emergenoy.  motoimen  often  reverse  the  motors,  whieh  brings 
the  ear  up  with  a  severe  jerk,  and  is  quite  apt  to  strip  gears.  Thisls 
not  necessary,  and  should  never  be  done  unless  the  eanopy  switch  is  first 
thrown  off,  then  when  the  motors  are  reversed  and  the  controller  handle 
thrown  around  to  paraUel,  the  motors  will  sot  as  generators  and  will  briitt 
the  car  to  an  easy  stop  with  no  harm  to  the  I4>paratus.  In  case  circuit 
breakers  are  used  in  place  <^f  the  plain  canopy  switches,  the  reveraal  of  tlsB 
motors  will  draw  so  much  current  from  the  line  that  the  circuit  breakeit, 
if -properly  adjusted,  will  open  the  oirouit  and  the  controller  can  then  be 
used  as  suggested  above. 


COPPSli  WnUB  WWJBMM  FOM  ItAUWAT  OIRCUXVt. 


B.AS. 
Gauges. 

17 

16 

15 

14 

13 

12 

11 

10 

0 
390 

8 
450 

Fuse  Point 
in 

100 

• 

120 

140 

166 

200 

235 

280 

335 

520 
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APPROXIMATE  DIMENSIONS  OP  ELECTRIC  CARS.   733 
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BI.KCKUC  JLOCOM.O'TKWmB. 

The  number  of  eleetiio  looomotiTee  in  conunereial  openktkm  if  rai^dly 
inoreuinc.  The  service  nui«e«  from  yard  shifting,  for  which  they  mn 
particularly  well  adapted,  up  to  the  hauling  of  ^MMsenger  trains  of  900  tons 
at  60  miles  per  hour.  The  motor  capacity  vanes  from  two  50  horse-power 
motors  of  the  geared  type  up  to  the  four  550  horse-power  gearless  motors 
on  the  "Mohawk"  type  of  the  New  York  Central  kxwmotive. 

The  following  list  is  of  interest:     1907. 


LoooifonTiis. 


Oayadutta     .... 
96-Ton  Baltimore  A 

Ohio 

Hoboken  R.R.  .    .    . 
Buffalo  &  Lockport . 

Paris  A  Orleans    .    . 
Compagnie  Francais 

Thomeon-Houston 
St.  Louis  A  Belleville 
G.    £.    Co.    30-Ton 

Yard  Locomotive. 

leO-Ton  Baltimore  & 
Ohio   ...... 

Bush  Terminal  Co.  . 

O.  E.  Co.  40-Ton 
Yard  Locomotive. 

N.Y.  C.  A  H.  R.  R.R. 

G.  £.  Co 

li.Y.,  N.H.,  A   H. 

R.R.,  W.  Ej.  a  M. 

Co 


1894 

1895 
1897 
1898 

1898 

1899 
1901 

1902 


1903 
1904 

1904 


1904 
1906 


-8 

va 

I 

QQ 

i 


I 


^ 


35 

96 
28 
36 

55 

38 
50 

30 


160 
50 

40 


95 
88 


500 

625 
500 
500 

575 

500 
500 

250 


625 
500 

250 
625 
600 


500 

720 

560 

*300 

teoo 

900 

600 
360 

tl50 
{300 

1600 
360 

1340 
{680 

2200 


1000 


58/17 

Gearlesi 

54/17 
52/21 

78/19 

56/17 
66/17 

72/17 


81/19 
52/21 

59/18 


Gearless 


Gearless 


40' 

62* 
40* 
36' 

49* 

42' 
33' 

36' 


42' 
33» 

33' 


44' 


62' 


Freight 

Passenger 

Freight 

Freight 

Passenger 

Freight 
Freight 

Switching 

Passenger 
Freight 

Switching 


Passenger 


Passenger 


*  Motors  in  series, 
t  Motors  in  multiple. 


I 


250  Volts. 
500  Volts. 


ii  Operates  also  on  11.000  volts,  A.  C. 


No  standard  electric  locomotive  dedgn  has  been  reached,  although  many 
locomotives  eqmpped  with  geared  motors  have  the  general  shape  shown 
In  Fig.  02  (G.  E.  Co.).  The  motors,  four  in  number,  are  geared  to  the 
axle  by  single  reduction  gears  and  are  mounted  on  two  bogie  trucks,  having 
about  six-foot  wheel  base.  The  main  cab  contains  the  controller,  and  the 
sloping  ends  contain  the  necessary  starting  renstances.  While  tlus  design 
usmg  bogie  trucks  is  suitable  for  locomotives  of  small  capacity,  it  is  not 
adm>ted  to  withstand  the  strains  to  which  the  larger  locomotives  are  sub- 
jected, hence  there  has  be«i  developed  a  tjrpe  having  a  solid  cast-steel 
frame  eontaining  th^  motors  of  which  the  later  B.  A  O.  locomotives  are 
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I 


I 


Fio.  92.    Typical  Eieotrie  Locomotive  of  G.  E.  Go. 


typical.  A  cross  section  is  shown  in  Fig.  03  of  a  half  unit  of  the  B.  A  O. 
locomotive.  This  locomotive  has  a  rigid  wheel  base  and  contains  four 
geared  motors  of  a  total  capacity  of  160iD  horse-power.  It  is  well  adx4>ted 
to  stand  the  shocks  of  the  most  severe  service  and  handles  all 
trains  in  the  tunnel  at  Baltimore. 


M 


1 

A 

1 

1  , 

1  , 

1 

FiQ.  93.    Eleotrio  LooomotivB  used  in  Baltimore  tunnel  by  B.  ft  O.  R.R. 


The  6000  or  "Mohawk"  type  of  locomotive  adopted  by  the  New  York 
Central  R.R.,  shown  in  Fig.  94,  differs  from  others  in  having  four  gearlcM 
motors  mounted  directly  upon  the  axles.  The  armatures  are  not  evea 
spring  suspended,  but  are  keyed  solidly  to  the  udes.  The  dead  weight 
per  axle  is  said  to  be  less  than  in  the  ease  of  the  laiser  types  of  steam 
locomotives.  The  fields  are  bipolar  and  are  so  arranged  that  the  same 
flux  i^asses  through  the  four  seta  of  fields  in  series,  returning  partly  through 
.the  side  frames  and  partly  through  an  overhead  longitudinal  frame.  TvA 
departure  from  the  previous  methods  of  construction,  using  geared  motors* 
is  pronounced,  and  exhaustive  tests  seem  to  prove  its  wisdom  for  the  pro- 
posed service.     In  Fig.  95  are  given  the  motor  characteristiGS  of  the  &50 
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onrer  which  the  trains  must  run  from  Woodlawn  Junction  to  Grand  Central 
Station,  are  equipped  with  a  direct  current  third  rail.  For  this  reason 
these  locomotives  are  arranged  to  operate  from  either  of  tiiese  conductors 
and  to  change  from  one  to  the  other  without  slackening  speed. 

The  motors  are  cooled  by  means  of  an  air  blast  forced  through  them  by 
motor-cbiven  blowers  in  the  cab  and  on  this  account  they  are  capable  of 
developing  200  horse-power  each  continuously,  although  an  ordinary  rail- 
way motor  of  the  same  nominal  rating  could  operate  continuously  at  only 
about  110  horse-power.  The  performance  of  the  motor  is  shown  by  the 
curves  in  Fig.  90,  d.  717. 

The  weight  of  the  locomotive  complete  is  approximately  88  tons.  A 
single  mdt  is  capable  of  handlin|[  a  train  of  200  tons  in  local  service  or  a 
tnun  of  2S0  tons  in  through  service,  and  two  or  more  units  may  be  readily 
coiq>Iea  together  and  operated  as  one  for  K^n/<K«g  heavier  trains. 


(Qeneral  Electric  Company.) 

a. 


In  looating  the  various  parts  of  the  equipment  and  in  wiring  the  ear,  par- 
tJOttlar  attention  should  be  taken  to  secure  the  following  results : 

1 .  Maintenance  of  high  insulation. 

2.  Exclusion  of  all  foreign  material,  particularly  grease,  dirt,  and  water, 
from  the  eleotrical  eampment. 

3.  The  avoiding  oc  fire  from  arcs,  naturally  occurring  at  fuse-box,  light- 
ning arreeter,  etc. 

4.  The  prerrention  of  mechanical  injury  to  the  narts. 

5.  The  placing  of  the  parts  so  as  to  be  accessible  for  operation  and  inepeo- 
tion.  and  yet  out  of  the  way  of  passengers. 


I*repam»tloa  of  the  Car  Body. 

The  floor  should  be  provided  with  a  trap-door  of  such  sise  as  to  allow  as 
free  access  as  possible  to  the  motors.  Particular  attrition  is  called  to  the 
advisability  of  having  the  bar  across  the  car  between  the  toap-doors  remov- 
able, in  order  that  the  top  of  either  motor  can  be  thrown  back. 

The  roof  should  be  provided  with  a  trolley  board  which  strengthens  it, 
and  protects  in  case  the  troUey  is  thrown  off;  it  also  deadens  the  noise. 
A  firm  support  should  be  provided  for  the  light  clusters.  Grooves  should 
be  cut  for  the  leading  wires  in  the  roof  molding,  and  also  in  two  of  the 
comer  posts,  one  for  the  trolley  wire,  the  other  for  the  ground  wire  of  the 
fitting  circuit. 

On  a  closed  car  four  2-inch  holes  should  be  bored  through  the  car  floor 
under  the  seats,  one  as  near  each  comer  of  the  car  as  possible. 

On  <me  mde  of  the  car,  four  f -inch  holes  should  be  oored  in  a  line,  and  4 
inches  apart,  to  receive  the  taps  from  the  cable  to  the  leads  of  motor  No.  1. 
The  exact  location  of  these  holes  depends  on  the  type  of  motor  used.  The 
distance  from  the  center  of  the  axle  to  the  center  of  this  group  of  holes 
should  be  about  two  and  one-half  feet  for  G.  E.  motors.  On  the  same  side 
of  the  ear.  and  in  the  same  line,  four  other  |-inch  holes  should  be  bored 
4  inches  apart,  to  receive  the  taps  from  the  cable  to  the  resistance  boxes. 
On  the  other  side  of  the  car  three  f-inch  holes  In  a  line  and  4  inches  apart 
should  be  bored  to  receive  the  taps  from  the  cable  to  the  leads  of  motor 
No.  2.  and  on  same  ride  of  oar  and  in  the  same  line  five  other  |-inch  holes 
4  inches  apart  riiould  be  bored  to  receive  the  taps  for  the  trolley,  resistance, 
and  shunt  for  Motor  No.  2. 

Reference  should  be  made  to  diagram  in  order  that  each  set  of  holes  shall 
be  on  the  proper  side  of  the  car.  and  at  such  a  distance  from  side-sills  as  to 
be  out  of  the  way  of  wheel  throw. 
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MeMurlng  about  38  Inches  from  the  brake-itafl  and  a  suitable  dlatene* 
iiMide  of  the  dash  rail,  au  oval  hole  6  in.  x  2|  in.  ahoold  be  out  In  each  plat- 
form to  receiye  the  cables. 

On  an  open  car  no  holes  need  be  bored  for  the  floor  wiring  exoept  thoes 
through  the  platforUk. 

lMa«alli«r  Controllers. 

In  the  standard  car  equipment  one  controller  is  placed  on  each  platform 
on  the  side  opposite  the  brake  handle,  in  such  a  position  that  the  controller 

S indie  and  toe  brake-staff  shall  not  be  less  than  36  inches,  nor  more  thaa 
inches  apart.  The  exact  position  depends  somevhat  on  the  location  ol 
the  sills  sustaininff  the  platform.  The  feet  of  the  controller  are  designed  to 
allow  a  slight  rocking  with  the  spring  of  the  dasher.  Two  one-half  Inch 
bolts  secure  the  feet  to  the  platform.  An  adiustable  angle  iron  is  fumJahed 
to  be  used  in  securing  the  controller  to  the  dash-rail.  A  wire  guard  ia  also 
furnished,  to  be  secured  to  the  platform  in  such  a  position  that  the  cables 
pass  through  it  into  the  controller.  A  rubber  gasket  is  furnished  with  miek 
eontroller,  to  be  placed  between  the  wire  guard  and  the  platform,to  exelude 
water.    For  dimensions  of  eontroller,  see  figs.  104  and  106. 


This  work  oan  be  eonreniently  divided  Into  two  parti ;  namely, 
wtrlngr  and  floor  wirlngr. 

Roof  wlrlBgr  includes  the  runnins  of  the  main  circuit  wire  from  the 
trolley  throughboth  main  motor  switches  down  the  comer  posts  of  the  ear 
to  a  suitable  location  for  connecting  to  the  lightning  arrester  and  f uae  bos ; 
lUso  wiring  the  lamp  oirouit  complete,  learing  an  end  to  be  attached  to  the 
ground.  Whenerer  wires  He  on  the  top  of  the  roof,  they  need  not  be 
oorered  with  canvas  or  moulding,  except  to  exclude  water  where  they 
pass  through  the  roof.  In  such  cases  a  strip  of  canvas  the  width  of  the 
moulding,  painted  with  white  lead,  should  be  laid  under  the  wire,  and  over 
this  and  the  wire  should  be  placed  a  piece  6f  moulding  extending  far  enough 
in  either  direction  to  exclude  water.  The  mouldung  should  be  flrauy 
screwed  down  and  well  painted. 

The  above  wiring  should  be  done  if  possible  while  the  ears  are  being 
buUt. 

Vloor  wlrlnir  °ui7  be  done  after  the  ear  is  completed  without  fnf arkc 

theflnish.  • 

Hade  vp  cnMoe  give  far  better  protection  to  the  wiring,  and  are 
easier  to  install  than  separate  wires,  and  should  be  used  in  the  floor  wiring 
if  possible.  The  simplest  way  of  installing  them  on  box  oars  seems  to  be  as 
follows : 

After  the  car  bodies  are  prepared  according  to  the  above  Instructions,  the 
cables  (one  on  each  side  of  the  car)  should  be  run  through  holes  in  the  plat- 
form, and  the  connections  made  to  the  motors  and  controllers. 

After  making  connection  to  the  controllers,  all  slack  should  be  pulled  up 
inside  of  the  car  under  the  seats,  and  held  in  place,  preferably  a^dnst  the 
side  of  the  car,  by  canvas  or  leather  straps.  Motor  taps  should  projeet 
through  the  sills  for  attachment  to  the  flexlSle  motor  leaas  Just  far  enou|^ 
to  permit  easy  connection,  leaving  as  little  chance  as  possible  for  vibration. 
No  rubber  tubing  will  be  reauirea  on  taps,  as  they  all  nave  a  weath«^prooC, 
triple-braided  cotton  covering  outside  of  the  rubber  insulation  to  prevent 
abrasion.  All  joints  should  be  thoroughly  soldered  and  well  taped.  The 
portions  of  the  cables  passing  under  the  platforms  should  be  snpported  by 
leather  straps  sorewed  to  the  floors  or  nils.  Gables  should  never  be  beai 
at  a  sharp  angle.  The  ground  wire  should  run  under  the  ear  floor  rather 
than  under  the  seats. 

On  open  cars  all  wires  and  cables  must  be  run  under  the  ear,  and  should 
be  well  secured  to  the  floor  with  cleats  or  straps. 

A  good  Joint  can  be  made  by  separating  the  straii4a  of  the  t«p-wlre»  and 
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wn^ping  the  two  parts  in  opposite  directions  arooud  the  main  wire.  Both 
Okonlte  and  rubber  tape  are  lorntsbed.  It  is  desirable  that  Okonite  should 
b«  used  first  and  rubber  tape  put  oyer  it,  as  the  latter  will  not  loosen  and 
unwrap  as  Okonite  will.  AU  openings  in  the  hose  should  be  sewed  up  as 
tightly  as  possible  around  the  wires. 


Separate  wire*  can  be  installed  if  necessary,  obserring  the  following 
directions : 

The  floor  wires  on  box  oars  should  be  placed  under  the  seats  as  much  as 
possible.  In  the  few  places  where  it  is  necessary  for  wires  to  cross,  wood 
should  intervene  in  preference  to  a  piece  of  rubber  tubing  or  loop  in  the 
air.  This  rubber  tubmg  is  not  necessary  where  wire  is  deated  under  the 
floor  (as  on  open  cars),  if  it  does  not  pass  over  iron  work,  or  is  not  ex- 
posed to  mua  and  water.  Where  so  exposed,  it  should  be  covered  with 
moulding,  but  where  moulding  is  used  it  should  be  carefully  painted  inside 
and  out  with  good  insulating  compound  to  exclude  water.  The  wire  passing 
to  the  fuse  box  should  be  looped  oownward  to  prevent  water  running  along 
the  wire  and  into  the  box.  Care  should  be  taken  to  avoid  metal  work  about 
the  car  in  running  the  wires,  and  that  nails  or  screws  are  not  driven  into 
the  insulation. 

Xm  i^aersil  it  is  not  desirable  to  use  metallic  staples  and  cleats  for  car- 
wiring,  except  about  the  roof,  or  inside  the  car.  Where  wires  are  subject 
to  vibration,  as  between  the  car  bodies  and  motors,  flexible  cable  must  al- 
ways be  used.  A  certain  amount  of  slack  should  be  left  in  the  leads  from 
the  motor  to  the  car  body,  depending  on  their  length.  On  cars  with  swivel- 
tng  tracks  a  greater  amount  of  slack  is  necessary.  As  slack  gives  greater 
opportunity  for  abrasion,  care  should  be  taken  to  leave  only  what  is  abs<H 
lutely  necessary. 


Openttloa  susd  Care  ef  Ceatroller. 


When  starting,  regulate  the  movement  of  the  handle  from  point  to  point 
so  as  to  secure  a  smooth  acceleration  of  the  car. 


a€»t  nut  toetweea  Mints* 

The  resistance  points  Ist,  2d,  3d,  8th,  and  7th,  are  intended  only  for  the 
purpose  of  giving  a  smooth  acceleration,  and  should  not  be  used  contin- 
uously. 

For  oontinuous  running,  use  the  4th,  5th,  8th,  and  9th  points,  which  are 
shown  by  the  longest  bars  on  the  dial. 

When  using  the  motor  cut-out  switches  be  sure  that  they  are  thrown  up 
as  far  up  as  tney  wil  1  go.  * 

In  case  the  trolley  Is  off  and  the  hand-brakes  do  not  hold  the  car,  an 
emergency  stop  may  oe  accomplished  by  reversing  the  motors,  and  turning 
the  power-handle  to  the  full  speed,  or  next  to  full  speed  point. 

To  examine  the  controller,  which  should  be  done  regularly,  open  the 
oover,  remove  the  bolt  with  wrench  atta<^ed,  and  swing  back  the  pole-piece 
0(f  the  magnet. 

The  contact  surfaces  and  fingers  should  be  kept  smooth,  and  occasionally 
treated  with  a  small  amount  of  vaseline  to  prevent  cutting. 

All  bearings  should  be  regularly  oiled. 

A  repellent  compound,  parafBne,  rosin,  and  vaseline,  equal  parts  by 
weieht,  placed  in  the  water-caps  of  the  power  and  reversing  shaft,  is  an 
efficient  protection  against  water. 

I>irtmust  not  be  aflowed  to  collect  inside  of  the  controller. 


marrams  ef  Car  Wirlagr* 

In  general  car  wiring  is  carried  out  in  about  the  same  manner  for  all 
styles  and  sixes  of  car,  more  particular  description  being  given  above.  Wir- 
ing differs  midnly  in  details,  governed  by  the  number,  style  and  horsepower 


of  motors  used. 
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The  following  is  a  lUt  of  material  required  for  the  electrical  equipment  of 
one  oar  fitted  ^th  two  motor*: 

QUANT  ITT. 

1  Trolley  pole. 

1  Trolley  base. 

2  Motor  circuit  switches. 
1  Lightning  arrester. 

1  150  ampere  magnetic  cut-out  (fuae>boz). 

1  Resistance  box. 

1  Resistance  box. 

1  Core  for  kicking  coil. 

2  Controllers  (includes  wire  guard  and  gasket,  supporting  bracket* 

cap  screws,  and  washers  for  fastening  to  dasher). 
1  Controlling  handle. 

1  Reversing  handle. 

One  of  each  of  these  handles  is  always  shipped  with  each  pair  of 
controllers  unless  specified  to  the  contrary. 

No.  0  B.  4b  S.  strand  wire  (7-.061  in.)  for  roof-wiring. 

100  or  150  ampere  fuses. 

Two-way  connectors,  i-inch  hole,  No.  0. 

Brass  comer  cleats,  A-i°ch  slot. 

Brass  flat  cleats,   ^inch  slot. 

i-inch  No.  4  R.  H.  brass  wood  screws  for  brass  oleata. 

Wood  cleats,  ^ineh  slot. 

Wood  cleats,  f-inch  slot. 

li-inch  No.  8  R.  H.  blued  wood  screws  for  wood  deati. 

Solder. 

i-inch  Okonite  tape. 

1-inch  adhesive  tape. 

Material  for  set  of  cables  as  follows: 

No.  6  B.  4b  S.  strand  wire  (7-.  064  inches),  single  braid. 

No.  6  B.  A;  S.  strand  wire  (7-. 064  inches),  triple  braid  for  taps. 

Brass  marking-tags. 

li-inch  cotton  hose. 

Rubber  tape. 

Paragon  tape. 

Solder. 

This  material  can  be  procured  made  into  a  *' set  of  eables"  with- 
out extra  cost. 
Car-lighting  equipment. 
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Acrieii  JParallel  Centrollera. 


Title. 

Capacity. 

CoDtrollins 
Points. 

Remarks. 

K-2 

Two  40  h.p. 
Motors. 

6  Series. 
4  Pamllel. 

For  motors  using  loop  or  shunted  field  only. 

K-4 

Four  30  h.p. 
Motors. 

5  Series. 
4  ParaUel. 

For  motors  using  loop  or  shunted  field  only. 

K-6 

Two   80  h.p. 
Motors     or 
Fonr40h.p. 
Motors. 

6  Series. 
6  ParaUel. 

K-10 

Two   40  h.p. 
Motors. 

5  Series. 
4  Parallel. 

K-11 

Two   60  h.p. 
Motors. 

6  Series. 
4  Parallel. 

SimUar  to  K-10  but  has  connecting  wires 
and  blow-out  coil  of  larger  capacity. 

K-12 

Four  30  h.p. 
Motors. 

6  Series. 
4  Parallel. 

Similar  to  K-11  but  has  rarersing  switch 
arranged  for  four  motors. 

K-13 

Two  125  h.p. 
Motors. 

7  Series. 
6  Parallel. 

K-14 

Four  60  h.p. 
Motors. 

7  Series. 
6  Parallel. 

K-27 

Two   60  h.p. 
Motors. 

4  Series. 
4  Parallel. 

Similar  to  K-11  but  is  arranged  for  operw 
ation  on  metaUio  circuit,*  having  con- 
tacts for  opening  both  sides  of  the  circuit. 

K-29 

Four  40  h.p. 
Motors. 

6  Series. 
6  ParaUel. 

Similar  to  K-6  but  is  arran^  for  operation 
on  metaUic  circuit,  having  contacts  for 
opening  both  sides  of  the  circuit. 

K-31 

Four  30  h.p. 
Motors. 

4  Series. 
4  ParaUel. 

Similar  to  K-27  except  has  reverse  switch 
arranged  for  four  motors. 

K-32 

Two   40   h.p. 
Motors. 

4  Series. 
4  ParaUel. 

Similar  to  K-27  except  has  connecting  wires 
and  blow-out  coil  of  smaller  capacity. 

Lr-2 

Two  176  h.p. 
Motors. 

4  Series. 
4  ParaUel. 

Lr-3 

Four  160  h.p. 
Motors. 

8  Series. 
7  Parallel. 

L-4 

Four  100  h.p. 
Moton. 

4  Series. 
4  ParaUd. 

Similar  to  the  L-2  but  with  additional 
reversing  switch  parts  for  four  motors. 

Lr-7 

Four  200  h.p. 
Motors. 

9  Series. 
6  ParaUel. 

Electric  Bnake  Controllcra. 

Title.       Capacity. 

ControUing 
Points. 

Remarks. 

B-3 

Two  40  h.p. 
Motors. 

4  Series. 
4  Parallel. 
6  Brake. 

Superseded  for  general  use  by  the  B-18. 

B-7 

Two  100  h.p. 
Motors. 

6  Series. 

5  ParaUel. 

6  Brake. 

Has  separate  brake  handle. 

B-8 

Four  60  h.p. 
Motors. 

6  Series. 

5  ParaUel. 

7  Brake. 

Has  separate  brake  handle. 

B-13 

Two   40   h.p. 
Motors. 

6  Series. 

4  Parallel. 

7  Brake. 

Supersedes  the  B-3  from  which  it  differs  in 
that  the  braking  connections  are  such  as 
to  render  the  skidding  of  the  oar  wheels 
practically  impossible. 
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JBl«ctHc  BnUcc 

€)omtroll9wm»— Continued, 

Title. 

Capacity. 

Controlling 
Points. 

Remarks. 

B-18 

Two   40   h.p. 
Motors. 

4  Series. 
4  Parallel. 
6.  Brake. 

Similar  to  B-3  but  arranged  for  riieostatie 
braking  only. 

B-10 

Four  40  h.p. 
Motors. 

$  Series. 
4  ParaUel. 
7  Brake. 

Similar  to  B-8,  having  separate  handles  for 
power  and  brake.     Supersedes  B-6. 

B-23 

Two   60   h.p. 
Motors. 

5  Series. 
4  Parallel. 
7  Brake. 

Similar  to  tiie  B-13  but  baa  eonnecting 
wires  and  blow-out  coil  of  larger  capac- 
ity. 

B-29 

Two   60   h.p. 
Motors. 

5  Series. 
4  Parallel. 
7  Brake. 

Similar  to  B-23  but  has  separate  brake 
handle. 

Electric  braking  is  made  little  use  of  owing  to  the  fact  that  it  adds  con- 
siderably to  the  heating  of  the  motors.  The  conditions  are  such  that  the 
motors  are  already  over-taxed  and  the  use  of  brake  controUers  neceeaitatfli 
an  increase  in  the  sise  of  motor  required.  Air-brakes  are  in  almost  imi- 
versal  use  on  the  heavier  cars  owing  to  their  smaller  expense  of  inntaliation. 

lilieoetatlc  Coatrolleis. 


Title. 

Capacity. 

Controlling 
Points. 

Remarks. 

R-11 

One    50    h.p. 
Motor. 

6 

For  motors  using  shunted  field  for  running 
points  only. 

R-14 

Two   35   h.p. 
Motors. 

5 

Very  short  and  specially  adapted  to  miniag 
locomotives.  Motors  connected  perma- 
nently in  parallel. 

R-15 

Two  80  h.p. 
Motors. 

6 

Motors  connected  permanoitly  in  p&ralld. 

R-16 

Four  40  h.p. 
Motors. 

6 

Similar  to  R-15  but  has  reversing  switch 
arranged  for  four  motors.  Motors  con- 
nected permanently  in  paralld. 

R-17 

One   60   h.p. 
Motor. 

6 

R-19 

Two   60   h.p. 
Motors. 

6 

Similar  to  R-17  but  has  reversing  switch 
arranged  for  two  motors.  Motors  oon- 
nected  permanently  in  parallel. 

R-22 

Two   60   h.p. 
Motors. 

6 

Similar  to  R-14  but  has  connecting  wires 
and  blow-out  coil  of  larger  capacity. 

R-29 

Four  26  h.p. 
Motors. 

6 

Similar  to  R-19  but  has  reversing  switch 
arranged  for  four  motors.  Motors  con- 
nected permanently  in  parallel. 

R-37 

Two   50   h.p. 
Motors. 

6 

Similar  to  K-22  but  has  extra  contacts  on 
the  reversing  switch  for  connecting  the 
motors  either  in  series  or  parallel. 

R-38 

Two   36   h.p. 
Motors. 

6 

Similar  to  R-37  but  has  connecting  wins 
and  blow-out  coil  of  smaller  capacity. 

R-48 

Four  76  h.p. 
Motors. 

8 

R-65 

Two  160  h.p. 
Motors. 

7 

Has  series  parallel  reversing  switch  same  im 
R-37.  It  is  specially  adapted  to  miniitg 
locomotive  service. 

These  controllers  are  used  with  single  motor  equipments  or  for  looo- 
motive  work  where  the  speed  is  very  low,  as  in  yard  shifting  service. 
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IJirXT   COHTJiOIi. 

Th0  multiple  anit  control  ia  desicned  primarily  for  th«  operation  of  motor 
oars  in  traiiiB.  Motor  oars  and  trail  oars  may  be  coupled  in  any  combination 
and  the  whole  operated  as  a  unit  from  any  oontroUer  on  the  train.  The 
asretem  may  alao  be  used  to  advantage  on  mdividual  equipments  and  loco- 
motives. 

The  control  ^nMratue  for  each  motor  car  may  be  considered  as  consisting 
nssantinllj  of  a  motor  controller  and  a  master  controller. 

The  former  comprises  a  set  <rf  apparatus,  —  usually  located  underneath 
the  oar,  —  which  handles  directly  the  power  circuits  for  the  motors,  con- 
neoting  them  in  series  and  parallel  and  commutating  the  starting  resistance 
in  series  with  them.  This  motor  controller  is  operated  electrically  and  its 
operation  in  establishing  the  desired  motor  connections  is  controlled  by  the 
motorman  by  means  of  the  master  controller.  The  latter  is  similar  in  con- 
struction to  the  ordinary  cylinder  controller  and  is  handled  in  the  same 
manner,  but  instead  of  eneoting  the  motor  combinations  directly,  it  merely 
controls  the  operation  of  the  motor  controller. 

The  latter  consists  of  a  number  of  electrically  operated  switches,  or  "con- 
tactors" which  dose  and  open  the  various  motor  and  resistance  circuits, 
and  an  electrically  operated  reverser"  that  connects  the  field  and  armature 
leads  of  the  motors  to  give  the  desired  direction  of  movement  of  the  oar. 
Both  the  contactors  ana  reverser  are  operated  by  solenoids,  the  operating 
current  for  which  ia  admitted  to  them  by  the  master  controller. 

In  addition  to  the  motor  and  master  controllers,  each  motor  and  trail  car 
is  equipped  with  train  cable  consisting  of  nine  or  ten  individually  insulated 
oonauctors  connected  to  corresponding  contacts  in  coupler  sockets  located 
at  each  md  of  the  ears.  This  train  cable  is  connected  identically  on  each 
motor  car  to  the  master-controller  fingers,  and  the  contactor  and  reverser 
operating  eoils;  and  the  train  cable  Is  made  continuous  throughout  the  train 
by  couplers  between  the  cars,  connecting  together  corresponding  terminals 
in  the  coupler  sockets. 

All  wires  carrying  current  supplied  directly  from  the  master  controller 
form  the  "control  ctrouit;"  those  canying  current  for  the  motors,  form  the 
"motor"  or  "power  drouit." 

Inasmuch  as  the  motor  controller  operating  coils  are  connected  to  this 
eonirol  train  line,  it  will  be  appredated  that  enentising  the  proper  wires  by 
means  of  any  master  controller  on  the  train,  wul  simultaneously  operate 
eorresponding  contactors  on  all  the  motor  cars,  and  consequently  establish 
similar  motor  connections  on  all  cars. 

In  case  the  "power"  drcuit  is  momentarily  interrupted  for  any  reason, 
the  system  of  control  provides  for  the  immeciiate  restoration  of  the  motor 
and  resistance  connections,  which  were  in  effect  immediately  preceding  such 
Interruption.  Should  the  motorman  remove  his  hand  from  the  operating 
handle  of  the^  master  controller,  the  current  will  immediately  be  cut  off  from 
the  entire  train,  thus  diminishing  the  danger  of  acddent  in  case  the  motorman 
should  suddenly  become  incapadtated.  The  system  must  be  supplied  with 
a  potential  of  at  least  300  volts  to  insure  successful  operation. 

The  approximate  total  weight  of  control  equipments,  exclusive  of  supports 
is  as  follows: 

Aggregate  H.P.  of  Motors.  Weight  of  Equipment  in  Pounds. 

125  1600 

2B0  2000 

400  SOOO 

500  4500 

800  6000 

The  aoproodmate  weight  of  the  apparatus  for  each  trail  car,  which  induded 
tram  eable,  coupler  sockets  and  connection  boxes,  is  100  pounds. 

The  podtion  of  the  handle  on  that  master  controller  whidi  the  motorman 
is  operating  always  indicates  the  position  of  motor-oontrol  apparatus  on  all 
eans.  The  motor  controller  which  handles  all  the  heavy  arcing  is  located 
nndemeath  the  car. 
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operating  current  down  to  a  safe  running  value.  These  ooils  are  piotaoted 
by  a  fuse,  which  will  open  the  circuit  if  the  reverser  fails  to  throw.  If  the 
position  of  the  reverser  does  not  correspond  to  the  direction  of  movement 
indicated  by  the  reverse  handle  on  the  master  controller,  the  motors  on  that 
car  cannot  take  current.     While  the  motors  are  taking  current  the  operatiiic 

coil  is  energised,  and  the  electrical  circuits  are  interlocked  to  prevent 

bility  of  throwing. 
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Fio.  112.    Master  Controller  Sprague  Q.  E.  Multiple  Unit  System. 


Mseter  Controll«r. — The  master  controller  is  considerably  smaller 
than  the  ordinary  street-car  controller,  but  is  similar  in  appearance  and 
method  of  oi>eration.  Separate  |)ower  and  reverse  handles  are  provided,  ae 
experience  has  led  to  the  adoption  of  this  arrangement  in  preference  to 
providing  for  the  movement  of  a  sin^e  handle  in  opposite  directions. 

An  automatic,  safety,  open-cirouiting  device  is  provided,  whereby,  in  ease 
the  motorman  removes  his  hand  from  the  master-controller  handle,  the 
control  circuit  will  be  automatically  opened  by  means  of  auxiliary  oontaets 
in  the  controller,  which  are  op»erated  ov  a  spring  when  the  button  in  the 
handle  is  released.  This  device  is  entirely  separate  and  distinct  in  its  action 
from  that  <A  the  main  cylinder.  Moving  the  reverse  handle  either  forward 
or  backward  makes  connections  for  throwing  the  reverMr  to  either  forward 
or  backward  position.  The  handle  can  be  removed  onlv  in  the  intermediate 
or  off  podtlon.     As  the  power  handle  is  mechanically  looked  against  moTe> 
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ment  when  the  reverse  handle  is  removed,  it  is  only  necessary  for  the  motor- 
man  to  carry  this  handle  when  leaving  the  car. 

When  the  master  controller  is  thrown  off,  both  line  and  ground  connections 
are  out  off  from  the  operating  coils  of  important  contactors,  and  none  of 
the  wires  in  the  train  cable  are  alive. 

The  current  carried  by  the  master  controller  is  about  2.5  amperes  for 
each  equipment  of  400  horse-power  or  U 


V 


k 


( 


Pia.  lid.    Detafls  of  Top  of  Master  Controller  Sprague  O.  E.  Co.,  Multiple 

Unit  System. 


9Ea*tor  CJ«»troll«r  AwltcM.  —  A  small  enclosed  switch  with  magnetic 
blow-out  is  used  to  cut  off  current  from  each  master  controller:  and  it  is 
lupplied  with  a  small  cartridge  fuse  enclosed  in  the  same  box.  When  this 
iwitoh  is  open  all  currmt  is  out  off  from  that  particular  master  controller 
which  it  protects. 

Kridgpe  Ooaaectlea.  —  A  noteworthy  feature  of  the  control  is 
the  method  of  accomplishing  the  serie»*i>arallel  connection  of  the  motors. 
This  is  by  the  so-called  "Bridge"  method  of  connections,  which  are  so 
arranged  that  the  circuit  through  the  motors  is  not  opened  during  the  tran- 
sition from  series  to  parallel  and  substantially  the  full  torque  of  both  motors 
is  preeerved  at  all  times,  from  the  series  to  the  full  parallel  connection .  This 
eonneetion  does  away  with  any  serious  falling  off  m  the  rate  of  acceleration 
which  is  sometimes  noticed  when  the  motor  circuit  is  interrupted  durins 
transition  from  swies  to  parallel  in  ot^er  methods  of  control.  The  "  Bridfje 
eonneetion  is  therefore  particularly  adapted  to  high  rates  of  acceleration 
whieh  can  thus  be  sustiuned  throughout  the  accelerating  period  without 
tanring  diseomfort  to  pesaengers. 
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HUMiTIPMilB   OOHTliOI^ 

The  flsrstem  of  multiple  unit  control  developed  by  Westinidkouse  Eleotrie 
and  Manufacturing  Company  employs  a  combination  of  eleetromagnetie 
and  pneumatic  devices  to  produce  a  method  of  controlling  from  a  rin^ 
point  a  single  oar  or  train  of  cars,  all  or  part  dt  which  are  equipped  with 
motors.  It  is  applicable  alike  to  alternating  and  direet-ouirent  motors, 
and  to  double  and  quadruple  equipments.  It  may  be  arranjeed  for  either 
automatic  or  non-autonuttic  acceleration  and  for  operation  with  or  without 
a  train  bus  line. 

The  complete  equipment  comprises  apparatus  pertaining  to  the  main 
control  system,  which  operates  the  motors  on  each  independent  car;  the 
auxiliary  control  system,  which  consists  of  the  electric  circuit  which  actuates 
and  controls  the  various  devices  but  is  entirely  separate  and  distinct  from 
the  main  motor  control  system;  and  a  number  dt  safety  devices  and  attach- 
ments which  protect  the  apparatus  and  safeguard  its  operation. 

Main  OeBtrol.  —  The  active  element  of  the  nudn  control  system 
is  made  up  of  the  following  apparatus: 
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A  group  of  unit  switches  which  regulate  the  supply  of  current  to  th« 
motors. 

A  set  of  resistances  or  an  auto-transformer  which  is  used  in  connection 
with  the  unit-switch  group  to  control  the  supply  to  the  motor. 

A  line  switch  which  controls  the  main  supply  of  current  to  the  unit-switch 
group. 

A  reverse  switch  which  governs  the  direction  of  car  movement. 

JLn%lUmxy  Ceatrol.  —  The  auxiliary  control  system  derives  iti 
operating  energy  from  a  storage  battery  which  forms  part  of  each  car  equip- 
ment, and  actuates  the  main  control  through  the  intervention  of  compressed 
air  drawn  from  the  brake  supply.     It  comprises  the  following  apparatus: 

The  master  controller. 
The  train  line. 
The  line  relay  switch. 
The  series  limit  switch. 
The  control  cut-out  switch. 

The  auxiliary  control  regulates  the  operation  ci  the  main  oontrol  by  the 
action  of  the  master  controller  which  governs  the  circuits  connecting  the 
storage  battery  mains  and  the  valve  magnets  which  regulate  the  air  supply 
to  the  switches  of  the  main  control  system.  By  the  admission  of  air  to  the 
opcorating  cvlinders  of  the  switch  group,  the  motors  are  connected  in  the 
desired  combinations. 

flwiteli  0Sivomp.  —  The  switch  group  consists  of  a  number  of  powerful 
circuit-breakers  mounted  in  a  common  frame  and  assembled  with  their 
air  cirlindeis  in  such  a  manner  that  when  a  valve  magnet  is  energised  the 
air  will  be  admitted  to  the  cylinder,  forcing  the  piston  forward  and  closing 
the  switeh. 

The  switch  contacts  consist  ci  two  heavy  L-shaped  pieces  of  hard-drawn 
copper  which  close  the  circuit  first  at  the  tip  and  then  roll  and  slide  on  each 
otner,  finally  resting  at  the  heel  under  the  full  air  pressure.  The  switches 
are  opened  by  the  action  of  powerful  springs.  As  their  normal  position  is 
open,  any  failure  of  the  air  supply  or  interruption  of  the  circuit  is  accom- 
panied by  the  immediate  opemng  of  all  switches.  A  magnetic  blow-out 
assists  in  the  breaking  of  .  he  arc. 

JtealataBce  er  A  uto-tranaf eraser.  —  The  main  control  resist- 
ance consists  of  a  suitable  number  of  grids  mounted  in  frames  and  so 
connected  to  the  unit  switches  that  they  regulate  the  current  flowing  through 
the  motors  as  the  switch  group  advances  through  its  cycle  of  operation. 

With  a  sin^e-phase  alternating-current  railway  equipment  an  auto- 
transformer  may  be  used  in  place  of  a  resistance  to  regulate  the  voltage 
supplied  to  the  motors. 

JLtee  Switcli*  —  The  line  switch  comprises  a  group  of  switches  — 
one  for  each  motor  of  a  double  equipment  or  each  pair  of  a  quadruple  equip- 
ment —  connected  each  in  circuit  with  its  motor  and  carrying  the  current 
of  that  circuit  alone.  Their  construction  is  similar  to  that  of  the  units 
forming  the  switch  group,  except  that  each  has  an  independent  magnetic 
circuit  for  the  magnetic  olow-out  and  is  provided  with  an  automatic  trip 
which  opens  and  renders  inoperative  the  auxiliary  control  whenever  the 
current  in  the  blow-out  coil  becomes  excessive,  allowing  all  the  switches 
oi  both  the  line  switch  and  switch  group  to  drop  out. 

Reverse  Switcli.  —  In  the  direct-current  reverse,  an  insulating 
block  carrying  two  sets  of  metal  strips  arranged  to  make  contact  with  sta- 
tionary fingers  is  operated  forward  and  back  in  a  straight  line  motion  by  a 
pair  of  pneumatic  pistons  which  form  part  of  the  auxiliary  control.  The 
operating  cylinders  are  governed  by  magnet  valves  which  are  interlocked 
with  those  of  the  switch  group  in  such  a  way  that  the  reverse  can  be  thrown 
only  when  the  main  control  circuit  is  open. 

The  reverse  for  alternating-current  equipment  is  of  the  drum  type. 

HsfclB  liwltclt  a»d  Vase. —  As  an  additional  safeguard  a  switch 
and  fuse  may  be  introduced  in  the  main  line  to  open  the  circuit  in  case  the 
automatic  overload  trip  should  fail,  or  if  a  ground  or  short  circuit  should 
oeeor  on  any  unprotected  portion  ot  the  main  control  system.  When  it  is 
open  the  connection  between  the  third-rail  shoes  or  trolley  and  the  main 
control  apparatus  is  broken. 

SEaatter  Centroller.  —  The  master  controller  consists  of  a  mov- 
able drum  and  stationary  contact  fingers.     The  handle  is  broui^t  to  the 
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•nlioD  with  a  praotically  oaristaiit  motor  oumnt, 

Trsla    I,lBe.  —  The  train  line  consigta  oS   aeven  small  vins  which 
•itflod  throuib  the  entire  train,  toiether  with  the  juaoUon  boo 
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ooatrol  BynUm  to  the  storago  batteries  by  which  the  operati  | 
eupplied.     The  potential  of  these  eircuita  u  about  14  volte. 

faectrioal  oonnoctioa  between  cables  of  adjoining  oars  is  fom  ! 
of  aoNokets  permanently  mounted  on  the  ends  ol  the  oars  and  a  j 
oonaists  of  apair  of  pliiKs  connected  by  a  short  piece  of  cable. 

Motor  Control  CatM»at  Hwlteli*.  —  To  cut  any  n  : 
service  a  control  cut-out  switch  is  provided  with  each  equipmt  i 
sists  of  a  wooden  drum  with  copper  segments  which  make  1 1 
fingers  arraziged  on  either  side  and  forming  part  of  the  auziliai  * 

Sorloe    JjlnUi   Swlteli.  —  Regulation   of    the  motor  cu  - 
aooeieration  is  aooompUshed  by  a  small  switch  in  the  auzil 
circuit  governing  the  progressive  action  of  the  unit  switches,  I 
eoil  of  which  pensfin  current  of  one  motor,  so  that  the  switch  is 
the  progressive  action  of  the  switch  group  arrested  whenever 
•xeeeds  a  pre-determined  limit.     When  the  current  again  fallii 
limit,  Uie  switch  doses  by  gravity  and  the  progressive  action  ol 
group  is  continued. 

MJmm   Itolay.  —  To  protect  the  motors    from  an  abnoro 
eonent  in  case  the  main  one  dreuit  is  suddenly  reestablished 
ruption,  a  line  relay  is  introduced  in  the  oontrollmg  system  and 
open  the  unit  switches  in  case  oi  failure  of  the  line  supply,  but  is 
unless  the  main  current  is  interrupted.     This  action  takes  pb 
oar  individually,  so  that  if  the  current  supplv  is  interrupted  on 
switoh  jpoup  on  that  car  will  be  cut  out  independently  of  all  o 
the  tnun,  and  if  the  current  supply  is  restored  while  the  masti 
is  in  a  runnin|E  podtion,  the  line  relay  will  restore  the  battery  cc 
the  control  cirouit  and  the  switch  group  will  then  pass  throui 
under  the  control  of  the  limit  switch  and  again  supply  current  to 

Storayo  Battorloe.  —  The  current  which  operates  t 
valves  of  the  control  system  is  supplied  by  a  storage  battery  ii 
each  consisting  of  seven  cells.  The  potential  of  this  control! 
b  about  14  volts.  One  battery  is  on  charge  by  connection  in 
the  air  compressor  or  the  ear  U^ting  system  while  the  other  is  i 

The  batteries  on  each  car  abe  connected  in  common  leads  whicl 
thzoui^  the  entire  train  as  positive  and  negative  of  the  train 
batteries  of  the  several  cars  are  therefore  connected  in  parall 
nemtive  mde  is  also  connected  to  one  dde  of  the  magnet  valves  < 
making  the  demand  on  the  batteries  more  or  leas  local. 

JUmo  Swlteli  Chrt«o»t  wad  (Irorload  THp  Itm 
snoudl  knife  switches  located  within  easy  reach  of  the  ope 
connected  that  when  the  first  is  open  the  line  switches  throughq 
eannot  be  dosed,  so  that  no  current  can  be  taken  from  the  U 
switch  group  may  be  ooerated  through  its  cycle  for  the  purpose 
"buck    the  motors  ana  effect  a  sudden  stop  in  an  emersency. 

The  second  or  overioad  trip  reset  switch  is  normally  held  open 
When  it  is  dosed,  with  the  master  controller  in  the  "off,*  or 
or  coasting  podtion.  any  trip  that  may  be  open  will  be  reset. 

Boa  liisio.  —  That  the  current  supply  to  every  car  may  be 
even  though  the  trolley  or  third-rail  shoes  of  any  car  be  not  in  ( 
the  feeding  dreuit,  a  bus  line  is  sometimes  used  throughout  thi 
neeted  from  ear  to  ear  by  jumpers,  plugs  and  sockets. 

AdraataiTM  OlaiMOd. 


A  oontrol  power  wholly  independent  of  the  line  power  and  vo 

Safety  secured  by  the  impossibility  of  short  drouits,  the  line  p 
bdng  local  to  each  car. 

Anenoe  of  trouble  unth  oontrol  cirouit  contacts. 

Low  potential  train  line,  practically  diminating  train  line 
short  drouite  of  Uie  control  system. 

Great  power  at  the  switch  contacts,  made  available  by  the 
III  OBSOfI  air,  which  secures  greater  carrying  capacity  and  permii 
powerful  springs  which  insure  operation  oT the  switches  under  al 

Effeotive  drouit-brealdng  devices  with  powerful  magnetic  bl< 

Absolute  independence  in  the  regulation  of  the  current  input 

A  simile  motor  out-out  switoh. 

Atttomatie  return  of  the  main  oontrol  to  the  "o£F"  podtion  il 
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supply  of  any  or  all  can  fails,  and  automatio  return  to  action  when  thit 
current  u  restored. 

A  main  control  which  is  not  brought  into  action  by  the  auxiliary  control 
when  current  is  cut  o£F. 

A  main  control  which  may  be  operated  when  the  power  is  off  for  the  pni^ 
pose  of  test  or  to  stop  the  train  in  an  emergency. 


Buildings 1 

Turbines 7 

Boilers 8 

Dynamos  and  Engines, 

belted  plants    ...  5 

Belts 25 

Large,  slow-speed  steam 

engines 4 

Large,  slow-speed  direct- 
driven  plants    ...  4* 
Stationary  transformers,  5 
Storage  batteries  in  cen- 
tral stations .    ...  9 
Trolley  line 4 


RATKS    OS* 
STRSST 

(Dawson.) 


to 
*« 

«« 

t< 
ii 

<« 

(I 

it 


2% 

9  •• 

10 


DSPRSCIATMOIV    OH 


3   to  5% 


(( 


10 
SO 

6 

8 
6 

11 
8 


ti 


it 


ii 


ii 
it 


Feeder  cables     .... 
Lighting    and    current 

meters 8 

Cars 4 

Repair   shop   and    test- 
room  fittings     ...  12 

Motors 6 

Rotary  transformers  .    .  8    ** 

Boilers  and  engines    .    .  6    ** 

Spare  parts 1|  " 

iTack  work 7    ** 

Bonding 6    ** 

On  remaining  capital  ex- 
penditure    4    '* 


4( 


10" 
6'* 

15" 
8** 
10" 
10" 
2" 
13" 
10" 

Ait 


If  interest  rate  is  5  per  cent,  and  plant  has  to  be  renewed  at  the  end  of  20 
years,  3  per  cent  of  original  outlay  must  be  reserved  annually  to  provide  for 
renewal. 

DSPnSCMATIOlf    OS*    ATIISST    RAHiirAY    HA- 
CHIIVKItY    AZfD    BaUIPMSMT. 

Hates  Mated  l>y  dilcayo  CItT  Railway  la  •'  Street  liallvray 

JToaraal,     Dec,  lliOS. 


mry. 


Cable  macHI 
Roadbed. 


Engines,  8  per  cent ;  Boilers,  8  per  cent ;  Qeiie- 
rators,  3  per  cent ;  Buildings.  6  per  cent. 

Cable  machinery,  10  per  cent ;  Cables,  175  per  cent. 

Rails.  6.5  per  cent ;  Ties,  7  per  cent. 

Qranite,  5  per  cent ;  Cedar  blocks,  16  per  cent ; 
Brick,  7  per  cent ;  Asphalt,  7  per  cent ;  Macadam, 
6  per  cent. 

Oar  bodies,  7  per  cent ;  Trucks,  8  per  cent. 

Armatures,  33  per  cent ;  Pields,  12  per  cent ;  Gtear 
cases,  20  per  cent ;  Controllers,  4  per  cent ;  Com- 
mutators, 33  per  cent. 

Wiring  and  other  electrical  equipment,  8  per  cent. 

Iron  poles,  4  per  cent ;  Wood  poles,  8  per  cent ;  In- 
sulatlon,  12  per  cent ;  Troliey-wlre,  5  per  cent ; 
Trolley  insulation,  7  per  cent ;  Bonding,  8  per 
cent. 
An  based  upon  renewals  and  per  cent  of  wear. 


Cam. 
Rolllagr  Atock 


liiae  Sqalpaieat. 


Vest 


Atlaatlc  Ai 


Railway,  Rroeklya* 


Cars. 

Temperature  F. 

Watts 

Doors. 

Windows. 

Contents, 
Cu.  ft. 

Outside. 

Average 
In  car. 

2 
2 
2 
2 

4 
4 

12 
12 
12 
12 
16 
16 

860^ 
860 
808 
913 
1012 
1012 

28 

7 

28 

as 

7 
28 

66 

89 
49 
52 
46 

64 

2295 
2325 
8180 
8745 
8098 
3160 
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thack:  jumjitiv  cucumt. 

It  gpea  without  saying  that  the  return  circuit,  however  made,  whether 
thioush  track  alone  or  in  connection  with  return  leeders,  should  be  the  best 
pcasibie  under  the  circumstances.  Few  of  the  older  roads  still  retain  the 
bonds  and  returns  formerly  considered  ample  and  good  enough. 

EUectrolyais  and  loss  of  power  have  oomiMlled  many  companies  to  roplaoe 
bonds  and  return  circuits  by  much  better  types.  The^ritiso  Board  of  Trade 
paid  especial  attention  to  the  return  dromt  in  the  rules  gotten  out  by  them 
(see  page  781),  and  many  American  railroads  would  have  been  much  in 
pocket  to-day  if  such  rules  had  been  promulgated  in  the  United  States  at 
the  beginning  <rf  the  trolley  development. 

With  few  exceptions  the  practice  of  engineers  has  been  to  connect  the  rail 
joints  by  bonds,  Doth  rails  of  a  track  together  at  intervals,  and  boUi  tracks 
of  a  double-track  road  together.  To  this  has  sometimes  oeen  added  track 
return  wires  laid  between  the  rails,  and  in  other  cases  return  feeders  from 
sections  of  track  have  been  run  to  the  power  house  on  pole  lines  or  in  ducts 
underground. 

The  writer  favors  the  full  connection  return  with  frequent  insulated  over' 
head  return  feeders  where  there  may  be  danger  from  electrolysis  of  water 
and  gas  pipes;  in  fact,  ample  return  drcuit  has  becm  proved  time  and  again 
to  be  the  only  preventive  of  that  trouble. 

On  elevated  railways  where  the  structure  is  used  for  the  return,  the  ends 
of  abutting  longitudinal  girders  are  likewise  bonded  together  at  the  expan- 
sion jomts.  Tests  have  shown  that  the  riveted  joints,  where  well  riveted, 
have  a  conductivity  nearly  equal  to  that  of  the  girder  itself,  hence  it  is  not 
neoesaarv  to  bond  th«n.  The  return  circuit  of  the  New  York  Subway  is 
designed  for  an  extreme  drop  of  five  volts. 

Careful  and  continuous  attention  should  be  given  to  bonds  from  the 
nxHuent  oars  are  started  on  a  line. 


OOUHJI  TSACX  TUSMOOT 


cKOsmo  or  two  wLactmc  M*oe  causwiio  or  blsctiud  ano.stSam  bq^m 

Fio.  116.  Showing  Cable  Connections  for  Bonding  Around  **  Special  Work." 

Dr.  Bell  gives  the  foUowins  ratios  of  track  return  circuit  to  overhead 
system  as  being  average  conditions. 

Let  Ri  —  resistance  of  track  return  dreuit,  and 

R  —  resistance  of  overhead  system. 


liken 

At  -  .1  to  .2B. 
Ai  —  .2  to  .ZR, 
/2i  -  .4to  .612. 
A,  -  .2  to  .ZR. 
iSt  -  .3to  .7R, 
r;  -  .7tol.Oi2. 


Exceedinriy  good  track  and  very  light  load. 
Good  track  and  moderate  load. 
Fair  trtM^c,  moderate  load. 
Exceptional  track  and  large  system. 
Good  track,  large  system. 
Poor  track,  large  system. 
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In  exceptional  oaMs  track  resistance  may  exceed  that  of  overhead  syvtem. 
It  is  sometimes  assumed  that  Ri  —  .25/2,  but  this  is  rather  better  than 
usual. 

Under  ordinary  conditions  Ri  —  .  4/2  is  nearer  correct. 

If  formula  for  copper  circuit  —  cm.  >- -s — '  then  for  Bi  >-  .4A,  the 

constant  11  should  be  increased  to  between  14  and  16  In  order  that  copper 
drop  may  bear  correct  proportion  to  that  of  the  ground  return. 


Type  ef 

(Bt   F.  R.  SiVlTBR.) 

Bonds  are  divided  into  two  general  classes.  (1)  those  which  are  fastened 
to  the  surface  of  the  rail  or  girder  to  be  bonded,  commonly  called  "  soldered  '* 
bonds,  and  (2)  those  having  terminals  with  a  shank  which  is  expanded  into 
a  hole  in  the  rail  or  girder  to  be  bonded,  commonly  called  "riveted"  bonds. 
In  both  classes  that  portion  which  is  attached  to  the  rail  is  called  the  terminal, 
the  remainder  the  bodv  of  the  bond. 

Soldered    Sonda.  —  These   are   formed   in   various    ways   but 
general  by  a  series  of  thin  strips  of  annealed  copper  bent  in  the  form  of 


m 


s 


w~"gr 


^1^    Bfij 


Fio.  117.     Soldered  Bond. 


Fio.  118.    Bond  Attached  to  Base  cf 
Rail  by  Soldering  only. 


arch  for  the  greatest  degree  of  flexibility,  with  a  pair  of  feet  or  terminals 
to  provide  contact  surface.  The  strips  of  each  foot  are  soldered  or  welded 
together,  making  a  solid  terminal,  while  the  intermediate  strips  ot  the  arch 
are  free  and  unattached  to  each  other  so  that  they  can  readily  take  up  vibra- 
tions.    Figs.  Ill  and  112  illustrate  this  type. 

Sliaw«Bat    floldered   Bond.  —  This  bond  is  constructed  of  copper 
laminations  .023  Inch  thick,  the  ends  separately  tinned,  clamped  together 


Fio.  119.    Soldered  Bond  Applied  to  Head  of  RaU. 


Fio.  120.    Soldered  Bond  Applied  inside  of  Angle  Bar. 


TYPE    or    BONDB. 


ti]<Iliip«(I,th 
ben   Bwtad, 


n  iippljlim 

..  feclljai 
tinned.     TLi 


Lercleed.     Tb( 
perfectly  At  the  point  uf  HpuJIcji 

^i J      ■ri,^  bond  it  tlion  olami- 

„__ -ppUed    to    botb  feet - -, 

meiuiB  of  a  double  burner  aaeolene  borah,  thi 
iolJer  being  applied  with  iluo  cliloiidt  ' 
Bondi  eui  be  applied  tu  th' 

■hould  be  ab'la    Co    vrlthsUnd 

■tnlD  of  two  thousand  poiuide  shearing 

rail  to  wUoIi  It  U  kpplled. 


■■Z^-f^'.'  u. 


Pia.  122,  Soldend  Bond  AprdM         Fra.  123.   Soldered  Bond  ApplM 

to  Head  of  Rul.  lo  Flange  of  Rail. 
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—  Thew  are  formed  of  a  length  of  wire  or 
having  a  copper  terminal  pressed  or  welded  to  its  endk.  Solid  wir6  boodi 
of  this  type  break  easily  from  traok  vibration  if  short,  and  are  used  most 
lar^y  for  connecting  around  special  work.  This  type  of  bond  is  sab* 
divided  into  several  styles,  according  to  the  way  the  shank  of  Uie  tenninsl 
is  fastened  into  the  hole  in  the  rail. 

1.  Bolt  Sipuded  Termtnal.  —  In  this  one  the  shank  of  the 
terminal  is  made  with  a  hole  through  its  center.  Through  this  bole  ii 
peised  a  steel  bolt  which  is  threaded  on  one  end  and  has  a  beveled  shouldg 


Fio.  125. 

on  the  other.  After  the  shank  is  fitted  into  the  hole,  it  is  expanded  by  pull- 
ing the  bolt  through  the  terminal  by  means  of  a  nut,  the  tapered  shoulder 
expanding  the  shank  into  the  hole.     This  is  shown  in  Fig.  12o. 

9,  Pin  Sxpaadlecl  Twntlnal.  —  In  this  type  the  terminal  is 
made  with  a  hole  through  the  center  of  the  shank  wnich  is  fitted  into  the 
hole  it  is  to  occupy  and  a  beveled  steel  pin  is  driven  through  its  center, 
expanding  the  shank  to  a  tight  fit.    This  is  shown  in  Fig.  126. 


Fio.  127. 

These  two  types  are  used  principally  for  bonding  the  channel  rails  of  the 
conduit  system  of  electric  railways. 

In  both  types  the  shank  of  the  terminal  should  practically  fit  the  hole 
before  the  pin  or  bolt  is  driven  in. 

3.  TKmehAmm  nireted  TeroUmale.  —  In  this  type  the  shank 
of  the  terminal  is  made  solid  and  is  compressed  into  the  hole  by  means  of 
mechanical  or  hydraulic  pressure  (Fig.  127). 

Terminals  of  bonds  should  never  be  riveted  by  hammer  as  the  shank  is 


Fio.  128.    Poorly  Riveted  Terminal.       Fio.  129.    Well  Riveted  TenninaL 


not  properly  expanded  into  the  hole  (Fig.  128). 
increases  the  resistance  besides  making  the  doi 


An  impeifeot  eontaet 
>nd  liable  to  further  deteriora- 
tion by  reason  of  the  accumulation  of  moisture  between  the  shank  and  the 
hole.  By  means  of  the  compressor  the  back  of  the  terminal  is  fint  hdd 
securely  against  the  face  of  the  rail,  then  the  shank  of  the  terminal  is  ex- 
panded, forcing  the  soft  metal  back  toward  the  base,  making  a  uniform 
oootact  throughout  the  thickness  of  the  rail,  filling  the  hole  so  oomplet^  as 


TTPE  or  BONDS. 


D  tlM  tool  duirks  of  tbs  drill.  Bod  m 
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^.....^^  .^.^.»',  Emtlv  iaereuea  the 

»nd  the  rail  on  Moount  of  the  button  head 

oauHd  by  the  cODiDresMr  [Fis.  129).  Thii  contaot  KUrtaaa  is  kh  nswitial 
feature,  uid  the  BffioieDoy  of  the  bond  depends  upon  this  ooimaction  being 
mftde  in  the  best  ponittle  m&nner. 

Teata  ihow  that  it  takes  twice  the  pover  to  turn  the  compmeed  terminal 
In  ia  hole  that  It  does  to  tum  the  [rin-drivsn  tenmnal.      As  the  only  le  ' 
■nee  scaiiut  turning  la  the  f  ricstion  between  the  copper  in  the  tenalDal 
the  eidn  ij  the  bcrie.  the  oompressed  t< 


ipper  in  the  tenohial  i 


:2  show  respectively  thL  

,-„-.-  'e  been  successfully  used  on  bonds  in  the  web  of  the 

rail,  and  t^g.  131  shows  a  hydraulic  oompraeor  used  euceesefully  tor  putting 
boade  in  the  ba^e  ol  the  rail. 

The  reQuirententa  for  a  good  bond  are: 

1.  Terrrunal  should  be  nuule  as  an  integral  part  of  the  stranded  or  bod* 
portion,  in  auch  h.  mionBT  eg  to  fonn  piaetically  a  maleouUr  union  and 

2-    US  terminBl  should  be  so  proportioned  aa  to  have  contact  aurfaee  with 

•Ke  bond. 

~     '     '     '  hould  be  so  constructed  as  to  possess  snHideat  Sex- 

rhich  it  Okay  be  subjected,  auch  aa 


3.    Tte  body  portion  should 
ibillty  to  withstand  all  vibn 


hammer  blows,  of  passing  ear  wheels  on  the  track,  and  expansion  and  oan- 
ttaction  of  the  rails  due  to  temperature  variationn. 

4.  A  method  of  applying  the  bond  which  will  insure  the  permanency  of 
the  oontacl  vitb  th.e  iMel  and  reduce  depreclullon  to  a  mioimum. 

Tn  All  caace  it  is  doirable  to  have  the  nonds  as  little  exposed  as  possible 
both  for  sppwrancai.  and  to  prevent  tbeir  being  stolen.  This  is  partieu- 
laHyti '■>--- " .    - 
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desirable  that  the  bonds  be  placed  under  the  aplioe  plates  whenever  poeaible. 
In  new  instaUationa  standard  splice  plates  are  now  procurable  which  have 
ample  space  between  their  inner  surfaces  and  the  rail  to  allow  for  the  bonds, 
and  in  changing  over  old  installations  the  saving  in  the  initial  cost  of  the 
bonds  and  the  saving  from  loss  by  theft  will  go  far  towards  paying  for  new 
splice  plates. 

With  the  idea  of  placing  the  bonds  under  the  splice  plates,  manufacturers 
have  designed  them  in  suitable  shapes,  either  by  flattening  the  strands. 


Fio.  135. 


or  the  use  of  flat  wires  in  the  strands.  Figures  133  and  134  show  girder 
rails  with  bonds  under  the  splice  plates,  and  Fig.  135  diows  a  standard '*T'* 
rail  similarly  bonded. 

It«alsta«ce  of  Soate*  —  The  total  resistance  of  a  bond  is  com- 
posed of  three  factors,  the  resistance  of  the  copper  in  the  bond,  the  resistanee 
between  the  body  of  the  bond  and  the  terminal,  and  the  contact  resistanee 
between  the  terminal  and  the  rail .  The  following  table  gives  the  resistance  of 
some  of  the  more  eommon  sises  of  bonds  used: 


Sise 

of 

Bond. 

Length  of  Bond. 

5" 

6" 

7" 

8" 

9" 

10" 

0 

00 

000 

0000 

.000047 
.000039 
.000033 
.000028 

.000056 
.000046 
.000038 
.000032 

.000064 
.000052 
.000043 
.000036 

.000072 
.000059 
.000048 
.000040 

.000081 
.000053 
.000053 
.000044 

.000080 

.000072 
.000050 
.000048 

For  any  ([iven  size  of  bond  the  only  variable  factor  in  its  resistanoe  with 
the  lengtn  is  the  resistanoe  of  the  copper  in  the  bond,  the  other  two  factors 
remaining  constant.  Hence  the  resistance  of  different  sises  can  be  plotted 
as  is  done  in  Fig.  136,  using  resistance  in  ohms  and  length  in  inf^es 
as  ordinates. 

At  least  i  inch  extra  length  of  short  bonds  should  be  allowed  for  exUeme 
contraction  of  rails  due  to  changes  in  temperature,  and  bonds  shorter  than 
0  inches  are  liable  to  excessive  breakage  due  to  vibration. 

The  most  common  practice  has  been  to  have  the  bond  holes  drilled  at  tiie 
rolUng  mills.  Hence,  when  it  is  desired  to  do  the  bonding,  the  holes  are 
rust^  and  will  need  to  be  reamed  out  until  clear  and  bright.  Tlie  ooet  of 
having  the  holes  drilled  at  the  mill  at  the  current  price  (tl.OO  per  ton  of 
rail)  usually  amounts  to  about  20  cents  per  hole,  ana  the  reaming  to  about 
6  cents  per  hole  —  a  total  of  25  cents  per  hole,  while  if  the  holes  are  drilled 
just  as  the  bonding  is  done,  they  will  coat  about  7^  cents  each,  including 
tools  and  supervision.  Punched  holes  cost  about  4  cents  each.  These 
costs  will  vary  with  conditions  and  rates  of  wages,  the  above  being  baaed 
on  S2.00  for  a  day  of  ei^t  hours.  There  is  no  material  disadvaatafle  in 
diilUng  the  holes  with  oil. 


RESISTANCE    OF   BONDS. 
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je  done  dur 

After  the  lial«  b&vs  been  □ 
dinolly  aniund  the  hols  ■hould 


«  bondicE  ahould 


I  shank  of  the  M 


to  bood  the  nil  aliabtty  in  eioesa  of  iU  du 
i»il  De«riy  K  onifonn  conductor.  In  ord 
DBcenmry  to  bood  the  base  oF  the  rsil  u  wi 
iron  iplice  ptetes  are  lued  which  allow  lulE 
laTshowr  -■--  ■----" *"--  •■-'-'  --'  -' 


s  in  third  rail  bondins  has  been 

ir  to  acoompliAh  this  it  has  beoi 
laatheweb.  Speoia]  malleHble 
lent  space  for  the  bonds.  F^. 
he  laterboroush  Rapid  Transit 


la  by  the  lua  of  welded  jo 


trouble  a  experienaed  by  brokao  jointa  oc  bent  nils.     These  are  not 

piaotieable  on  thiid  rails  or  track  raili  that  are  not  embedded  and  thai 
exposed  to  all  temperature  ohancea. 

Id  the  elaotrioall)'  welded  syaiem  an  iron  plate  is  welded  across  the  ioint 
on  eaeh  tide  of  the  rail  web  by  meani  of  heavy  Durrent  of  elsotricity  appUad 
by  inwiiuU  low  voltapi  machinny. 

The  eut  weld  joint  is  simpry  a  Urge  lump  of  ated  out  about  the  joint 
Id  a  mould  after  the  rail  ends  have  been  cleaned, 
.  ▼•»■•••  rolmt.— (Strict  Bailimv  Jotimal.)  The  Voynow  jmnt  ooo- 
siets  of  what  may  be  called  two  special  ohaiinal  bars  wbioh  are  riveted  to 
the  ends  id  the  rail.  These  plates  are  not  made  to  fit  (he  liehing  aae- 
UOQ  of  the  rail;  on  the  contrary,  spacn  ara  left  under  the  hcKd.  (ram 
apd  around  the  foot  of  the  rail,  fhs  flat  surfacm  of  both  sides  of  the 
nuU  and  of  the  iomt  bare  having  been  previously  cleaned  by  sand-blast, 
.k ^[igd  ^jh  molten  sine,  which  enters  into  and  Hjls  out  all  the 

igth  and  width  of  the  Baoges  of  the  plates.     The  adhes^ 
nc  to  the  rails  and  plates,  logether  with  the  body-bound 


trregularities  of  i 
out  ths  whole  Ic 

0*  the  molten  i 

rivets,  holds  the  joint  pi 

plates  are  deaned  to  iha  metal  by  suu 
■leetrioally  considered. 

Vk«mlt  Ball-IVrldliir.  —  Thi 

eal  operation,  based  upon  the  fact  the 

th^r  simple  form;  ai.  for  instance,  if  a] 


iiide,  [am 


lalu.^ 
eof  th( 


onit  process  is  a  purdj  chami- 
rtallio  aluminum,  under  pTOpm 
letals  from  tbetr  compouods  to 
Lum  is  mited  with  oiida  o(  inm 
ill  unite  with  the  oxygen  of  the 

ommeroial  corundum!.  Isving 

process  ol  reduction  liberates  a  ^reat  amount  of  bi 


iperature  of  the  miiture  during 


n  tues  rapidly  (U>  a) 


I  low-ouboD  iteil. 
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tonus,  the  equataoii«  AOOQrdiDg  to  which  the  reaction  takes  place, 
would  !be  Fe^  0> +2A1  «■  Al^  Ob  +2  Fe.  This  is  the  process  utilised  in 
welding  rails.'  The  oxide  ot  iron  is  mixed  with  oowdered  aluminum  in  the 
ri^t  proportion,  and  introduced  into  a  crucible  lined  with  macnesia,  or 
with  material  obtained  from  a  previous  fusion.  In  order  to  set  off  the  con- 
tents of  the  orudble^  a  small  quantity  of  ignition  powder  (barium  peroxide 
and  pulverised  aluminum)  is  put  in  a  smalTheap  on  top  of  the  mixture,  and 
is  ignited  bv  means  at  a  match  or  red-hot  iron  rod.  The  reaction  propagates 
itself  quickly  through  the  whole  mixture,  with  the  result  that  in  a  few  seconds 
the  whole  charge  is  a  mass  of  white-hot  fluid  material.  The  contents  of  the 
crucible  have  separated  into  two  layers,  the  molten  metal  reduced  by  the 
aluminum  being  at  the  bottom  and  the  molten  aluminum  oxide  above  it. 

In  the  application  to  rail-welding,  a  cone-shaped  crucible,  with  magnesite 
lining,  is  mounted  on  a  tripod  over  the  joint  to  be  welded,  a  properly  pre- 
pared iron  sand  clay  mould  having  been  previously  clamped  around  the  joint. 
The  conical  crucible  has  a  hole  m  the  bottom,  and  before  the  operation  a 
small  iron  rod  or  pin  is  placed  in  this  hole  with  its  end  projecting  several 
inches  below  the  crudble.  Above  the  head  of  the  pin  in  the  bottom  oi  the 
erueible  is  first  carefully  fitted  an  asbestos  washer,  and  on  top  of  this  is 

S laced  a  solid  circular  metal  washer  to  hold  it  in  place.  About  16  pounds  or 
D  pounds  of  powdo^  aluminum  and  oxide  iron  are  then  jmured  into  the 
erueible.  This  mixture  is  known  as  "Thermit,"  and  is  furnished  properly 
mixed  and  ready  for  use  in  small  bags  by  the  manufactures.  On  top  of  the 
mixture  is  placed  a  quantity  of  igmtion  powder,  about  enough  to  cover  a 
5Q-eent  piece.  When  all  is  readjr,  a  match  is  applied  to  the  powder  and  a 
eonical  cover  with  a  central  opening  is  hastily  placed  on  the  crucible.  In  a 
few  seconds  the  reaction  commences,  and  within  thirty  seconds  the  contents 
of  the  crucible  become  a  seething,  boiling  mass  of  molten  metal.  As  soon 
as  the  reaction  has  reached  its  height,  a  man  strikes  the  pin  projecting  from 
the  bottom  <^  the  crucible  with  a  rod  or  small  shovel,  driving  the  pin  upward, 
thus  freeing  the  hole  and  allowing  the  molten  metal  to  flow  down  into  the 
mould  around  the  joint,  depositing  a  mass  of  metal  around  the  joint  and 
wriding  the  ends  of  the  rails  into  one  piece. 


Itoelateace  of  Track  Halle. 

The  resistance  of  the  commercial  steel  track  rails  is  about  thirteen  times 
that  of  copper.  On  this  basis  the  following  table  of  resistances  of  rails  is 
eomputed. 


Weight 

Sectional 

Equivalent 
Cir.  Mils 

Resistance 

Area 

per  Mile 

Rail. 

Sq.  Inch. 

of  Copper. 

Ohms. 

45 

4.4005 

431,883 

.13074 

50 

4.8904 

479,884 

.11766 

55 

5.4874 

530,034 

.10502 

00 

5.8794 

575,505 

.09806 

65 

0.3003 

623,887 

.09051 

70 

0.8592 

671,825 

.08404 

75 

7.3491 

719.380 

.07844 

80 

7.8392 

767,763 

.07354 

85 

8.3291 

814.873 

.06922 

00 

8.8190 

863,766 

.06537 

95 

9.3089 

911,767 

.06193 

100 

9.7988 

1.072,068 

.05883 

Area  in  cir.  mils  — 
Equivalent  cir.  mils  of  copper  » 


1,000,000  X  weight  per  yard. 

10.2052  X  .7854 
Area  in  cir.  mils  , 
13 
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KXPsnnsiras  von  DKoeitMiif  atkoit  ob*  tihb 

JKMlLAXMrvm  ^ATUS  OF  liAUJi  AlTD 
BOimSD  ^OKITTS. 

(W.      H.     COLB.) 

Fifteen  rails  were  used,  giving  three  joints  for  eadi  of  the  five  differaat 
dassea,  and  in  makinje  the  tests  and  observations  an  average  of  the  rasulta 
for  the  three  rails  of  its  class  was  given.  Micrometer  calipers  were  used  in 
measuring  the  wear  of  the  rails  each  month,  three  di£terant  meBsurementa 
were  made  at  each  place,  and  an  average  was  calculated  from  these  three 
measurements,  vis.: 

A.  At  a  point  at  or  near  the  g&ge  line. 

B.  At  a  point  in  the  center  <x  the  tread. 

C.  At  a  point  near  the  outside  of  the  rail. 

The  joints  that  were  bonded  were  fished  with  standard  fish  i;dates,  bolted 
with  ei^ht  1-inch  bolts,  screwed  up  tight;  the  rail  ends  butting  each  other 
were  laid,  fished  and  bonded  in  the  TPft""*"'^"^  heat  of  the  day,  and  immedi- 
ately covered  and  imved  around  them. 

No.  1.  Three  joints  fished  as  above  and  bonded  around  the  fish  plAtea 
with  standard  Chicago  bonds  No.  00  B.  &  S.  gaoe,  two  bonds  to  each  joint. 

No.  2.  Bonded  with  "Crown"  concealed  bonds,  with  two  bondb  of  a 
section  equal  to  two  No.  00  copper  B.  A  S.  gage,  and  the  fish  plates  bolted 
over  them. 

No.  3.  No.  2  plastic  bonds,  made  by  Harold  P.  Brown,  and  carefully 
installed  according  to  instructions,  by  a  man  formerly  experienced  in  tlus 
^ork. 

No.  4.     Three  joints  welded  by  the  Falk  process. 

No.  5.    Three  joints  welded  by  the  Goldschmidt  thermit  process. 

The  rails  were  laid  continuously  so  the  same  cars  passed  over  the  same 
section  containing  the  different  types  of  joints.  The  subjoined  tnhlm 
give  the  results,  from  which  the  writer  has  arrived  at  the  following  eon- 
elusions: 

That  for  electric  street  railways  under  average  traffic  conditions,  rails 
should  give  a  life  of  about  forty  years  if  the  joints  are  made  continuous,  and 
are  composed  oi 

Carbon      55  to       .68 

Silicon        10  (NT  under 

Phosphorus       08  or  under 

Sulphur 06  or  under 

Manganese 88  or  under 


Iiiirr«dieBto  of  Rails  Under  Test. 


Carbon. 

Soft. 

Medium. 

Hard. 

Carbon 

.284 
.061 
.105 
.065 

.784 

.572 
.235 
.052 
.078 
.981 

501 

Silicon 

057 

Phosphorus      

098 

Sulphur 

Manganese 

.060 
.830 

Iron      

1.299 
98.701 

1.918 
98.082 

1.636 
98  364 

■ 

100.000 

100.000 

100.000 

NoTB.  —  Metsiloids  ignored. 
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The  foUowins  would  be  the  eteotrioal  efficiency  and  iocs  at  the  liecimiing 
and  end  of  the  first  year: 


dafls  of  Joint. 

• 

Electrical 
PerCeat 
Efficiency 
at  Begin- 
ning of 
Year. 

Electrical 

Efficiency 

at  End 

of  Year. 

Percent 

below 
Equal  See- 

Uonoi 
RaU. 

C^cago  bonds     ..*....»... 

89.51 

88.71 

89.72 

101.18 

101.14 

74.43 
73.72 
77.84 
88.53 
100.39 

29.67 

Crown  bonds 

28.28 

Plaetie  bonds 

22.18 

Falk  oast  weld        

10.44 

Goldachmidt  thermit  weld 

100.39  + 

p«^i 


For  «re»t  ISHtelM. 

Regulations  prescribed  by  the  Board  of  Trade  under  the  provisions  of 

Section ox  the Tram  ways  Act,  189—,  for  regulating  the  employ- 

ment  of  insulated  returns,  or  of  uninsulated  metallic  retuiois  of  low  resist- 
ance; for  preventing  fusion  or  injurious  electrolytic  action  of  or  on  gas  or 
water  plpee,  or  other  metallic  pipes,  structures,  or  substances;  and  for  min- 
imizing, as  far  as  is  reasonably  practicable,  injurious  interference  with  the 
electric  wires,  lines,  and  apparatus  of  parties  other  than  the  companv  and 
the  currents  therein,  whether  such  lines  do  or  do  not  use  the  eartn  as  a 
return. 

Deflnltloiia. 

In  the  following  regulations  : 

The  expreeaion  "  energy ''  means  electrical  energy. 

The  expression  "generator"  means  the  dynamo  or  dynamoe  or  other 
electrical  apparatus  used  for  the  generation  of  energy. 

The  expression  **  motor'*  means  any  electiic  motor  carried  on  a  car  and 
used  for  the  conversion  of  energy. 

The  expression  "pipe"  means  any  gas  or  water  pipe,  or  other  metallic 
e,  structure,  or  substance. 

The  expression  *'  wire  "  means  anv  wire  apparatus  used  for  telegraphic, 
tel^honic,  electrical  signaling,  or  other  similar  purposes. 

The  expression  *'  current "  means  an  electric  current  exceeding  one- 
thousandth  part  of  one  ampere. 

The  expression  "  the  company  "  has  the  same  meaning  or  meanings  as  in 
the Tramways  Act,  189—. 

negrnl  at!  one, 

1.  Any  dynamo  used  as  a  generator  shall  be  of  such  pattern  and  con- 
struction as  to  be  capable  of  producing  a  continuous  current  without  appre- 
ciable pulsation. 

2.  One  of  the  two  conductors  used  for  transmitting  energy  from  the  gen- 
erator to  the  motors  shaU  be  in  every  case  insulated  from  earth,  and  is 
hereinafter  referred  to  as  the  "  line  ";  the  other  may  be  insulated  through- 
out, or  may  be  insulated  in  such  parts  and  to  such  extent  as  is  provided  in 
the  following  regulations,  and  is  nereinaf ter  referred  to  as  the  "return." 

8.  Where  any  rails  on  which  cars  run,  or  any  conductors  laid  between  or 
within  three  feet  of  such  rails,  form  any  part  of  a  return,  such  part  may  be 
uninsulated.  All  other  returns  or  parts  of  a  return  snail  be  insulated, 
unless  of  sueh  sectional  area  as  will  reduce  the  difference  of  potential  be- 
tween the  ends  of  the  uninsulated  portion  of  the  return  below  the  limit 
laid  down  in  Regulation  7. 

4.  When  any  uninsulated  conductor  laid  between  or  within  three  feet  of 
the  rails  forms  any  part  of  a  return,  it  shall  be  electrically  connected  to 
the  rails  at  distanees  apart  not  exceeding  100  feet,  by  means  of  copper 
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firipi  bJiTlng  a  teotlonal  wrea  of  at  laaat  one-sixteenUi  of  a  square  ineh,  or 
by  other  means  of  equal  oonductlTity. 

6.  Wben  any  part  of  a  return  is  uninsulated  it  shall  be  oonneeted  with 
the  negative  terminal  of  the  generator,  and  in  suoh  ease  the  negative  termi- 
nal of  the  generator  shall  auo  be  directly  oonneeted,  through  the  eurrent- 
indieator  hereinafter  mentioned,  to  two  separate  earth  connections,  irhieh 
shall  be  placed  not  l^s  than  twenty  yards  apart. 

Provided  that  in  place  of  such  two  earth  connections  the  company  may 
make  one  connection  to  a  main  for  water  supply  of  not  less  than  three 
inches  internal  diameter,  with  the  consent  of  the  owner  thereof,  and  of  the 
person  supplying  the  water ;  and  provided  that  where,  from  the  nature  of 
the  soil  or  for  other  reasons,  the  company  can  show  to  the  satisfaction  of  aa 
inspecting  officer  of  the  Board  of  Trade  that  the  earth  connections  herein 
speoifled  cannot  be  constructed  and  maintained  without  undue  expense,  the 
provisions  of  this  regulation  shall  not  apply. 

The  earth  connections  referred  to  in  this  regulation  shall  be  constructed, 
laid,  and  miUntained  so  as  to  secure  electrical  contact  with  the  general 
mass  of  earth,  and  so  that  an  electromotive  force  not  exceeding  four  volts 
shall  suffice  to  produce  a  current  of  at  least  two  amperes  from  one  earth 
connection  to  the  other  through  the  earth,  and  a  test  shall  be  made  at  least 
once  in  every  month  to  ascertain  whether  this  requirement  is  oompUed 
with. 

No  portion  of  either  earth  connection  shall  be  plaoed  within  six  feet  of 
any  pipe,  except  a  main  for  water  supply  of  not  less  than  three  inches  iii> 
temal  diameter,  which  is  metallically  connected  to  the  earth  oonneetloiis 
with  the  consents  hereinbefore  specified. 

6.  When  the  return  is  partly  or  entirelv  uninsulated,  the  company  shall, 
in  the  construction  and  maintenance  of  the  tramway  (a),  so  separate  the 
uninsulated  return  from  the  general  mass  of  earth,  and  ffom  any  nipe  in 
the  vicinity ;  (b)  so  connect  together  the  several  lengths  oi  the  rskUs ;  (e) 
adopt  such  means  for  reducing  the  difference  produced  by  the  current  be- 
tween the  potential  of  the  uninsulated  return  at  any  one  point  and  the  po- 
tential of  the  uninsulated  return  at  any  other  point ;  and  ((f)  so  maintain 
the  efficiency  of  the  earth  connections  specified  in  the  preceding  regulations 
M  to  fiUflll  uie  following  conditions,  viz.: 

(1.)  ThMX  the  current  passing  from  the  earth  connections  through  the  in- 
dicator to  the  generator  shall  not  at  any  time  exceed  either  two  amperes 
per  mile  of  single  tramway  line,  or  6  per  cent  of  the  total  current  output  of 
the  station. 

(I)  That  if  at  any  time  and  at  anv  place  a  test  be  made  by  connecting  a 
galvanometer  or  other  current  in(ucator  to  the  uninsulated  return,  andto 
any  pipe  in  the  vicinity,  it  shall  always  be  possible  to  reverse  the  direotion 
of  any  current  indicated  by  interposing  a  battery  of  three  Leclanche  cells 
connected  in  series,  if  the  direction  of  we  current  is  trom  the  return  to  the 
pipe,  or  by  interposing  one  Leclanche  cell,  if  the  direotion  of  the  current  is 
from  the  pipe  to  the  return. 

In  order  to  provide  a  continuous  indication  that  the  condition  (1)  is  com- 
plied with,  the  company  shall  place  in  a  conspicuous  position  a  suitable, 
properly  connected,  and  correctly  marked  current  indicator,  and  shall  keep 
t  connected  during  the  whole  time  that  the  line  is  charged. 

The  owner  of  any  such  pipe  may  require  the  company  to  permit  him  at 
reasonable  times  and  intervals  to  ascertain  by  test  tnat  the  oondltloBS 
specified  in  (2)  are  complied  with  as  regards  his  pipe. 

7.  When  the  return  is  partly  or  entirely  uninsulated,  a  oontUraous  reoofd 
shall  be  kept  by  the  company  of  the  difference  of  potential  during  the  work- 
ing of  the  tramway  between  the  points  of  the  uninsulated  return  furthest 
from  and  nearest  to  the  generating  station.  If  at  any  time  sucJi  differsBes 
of  potential  exceeds  the  Umlt  of  seven  volts,  the  company  shall  take  Imme- 
diate steps  to  reduce  it  below  that  limit. 

8.  Every  electrical  connection  with  any  pipe  shall  be  so  arranged  as  to 
admit  of  easy  examination,  and  shall  be  testiea  by  the  company  at  least  onee 
in  every  three  months. 

9.  Every  line  and  every  insulated  return  or  part  of  a  return,  except  any 
feeder,  shall  be  constructed  in  sections  not  exceeding  one  half  of  a  mile  in 
length,  and  means  shall  be  provided  for  insulating  each  suoh  seetiosi  for 
purposes  of  testing. 
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10.  The  insulation  of  the  line  and  of  the  return  when  inaulated,  and  of  all 
feeders  and  other  conductors,  shall  be  so  maintained  that  the  leakage  cur- 
rent shall  not  exceed  one-hundredth  of  an  ampere  per  mile  of  tramiray. 
The  leakage  current  shall  be  ascertained  daily,  before  or  after  the  hours  of 
running,  when  the  Hue  is  fully  charged.  If  at  any  time  it  should  be  found 
that  the  leakage  current  exceeds  one-half  of  an  ampere  per  mile  of  tram- 
way, the  leak  shall  be  localised  and  removed  as  soon  as  practicable,  and  the 
running  of  the  cars  shall  be  stopped  unless  the  leak  is  localised  and  removed 
within  twenty-four  hours.  Provided,  that  where  both  line  and  return  are 
placed  within  a  oonduit  this  Regulation  shall  not  apply. 

11.  The  insulation  resistance  of  all  continuously  insulated  cables  used  for 
lines,  for  insulated  returns,  for  feeders,  or  for  other  purposes,  and  laid  be- 
low the  surface  of  the  ground,  shall  not  be  permitted  to  fall  below  the 
equivalent  of  10  megohms  for  a  length  of  one  mile.  A  test  of  the  insulation 
resistance  of  all  sncn  cables  shall  be  made  at  least  oiice  in  each  month. 

12.  Where  in  any  ease  in  any  part  of  the  tramway  the  line  is  erected  over- 
head and  the  return  is  laid  on  or  under  the  ground,  and  where  any  wires 
have  been  erected  or  laid  before  the  construction  of  the  tramway,  in  the 
same  or  nearly  the  same  direction  as  such  part  of  the  tramway,  the  com- 
pany shall,  if  required  to  do  so  by  the  owners  of  such  wires  or  anv  of  them, 
permit  Bucn  owners  to  insert  and  maintain  in  the  company's  line  one  or 
more  induction  coils,  or  other  apparatus  approved  by  the  company  for  the 
purpose  of  preventing  disturbance  by  electric  induction.  In  any  case  in 
which  the  company  withhold  their  u>proval  of  any  such  apparatus,  the 
owners  may  appeal  to  the  Board  of  Trade,  who  may,  if  they  think  fit,  dis- 
dlspense  with  such  approval. 

33.  Any  insulated  return  shall  be  placed  parallel  to,  and  at  a  distance  not 
exoeeding  three  feet  from,  the  line,  when  the  line  and  return  are  both 
erected  overhead,  or  18  inches  when  they  are  both  laid  underground. 

14.  In  the  disposition,  connections,  and  working  of  feeders,  the  company 
shall  take  all  reasonable  precautions  to  avoid  iiQurious  interference  with 
any  existing  wires. 

15.  The  company  shall  so  construct  and  maintain  their  systems  as  to 
aaoure  good  oontaot  between  the  motors,  and  the  line  and  return  respee- 
ttvely. 

Ifl.  The  eompany  shall  adopt  the  best  means  available  to  prevent  the  oo- 
eurrence  of  undue  sparking  at  the  rubbing  or  rolling  contacts  in  any  place, 
and  in  the  construction  and  use  of  their  generator  and  motors. 

17.  In  working  the  cars  the  current  shall  be  varied  as  required  by  means 
of  a  rheostat  containing  at  least  twenty  sections,  or  by  some  other  equally 
efflloient  method  of  gradually  varying  resistance. 

IS.  Where  the  line  or  return  or  both  are  laid,  in  a  conduit,  the  following 
oonditions  shall  be  complied  with  in  the  construction  and  maintenance  of 
such  conduit : 

(a)  The  oonduit  shall  be  so  constructed  as  to  admit  of  easy  examination  of, 

and  access  to,  the  conductors  contained  therein,  and  their  insulators 
and  supports. 

(b)  It  shall  be  so  constructed  as  to  be  readily  cleared  of  accumulation  of 

dust  or  other  debris,  and  no  such  accumulation  shall  be  permitted  to 
remain. 

(c)  It  shall  be  laid  to  such  falls,  and  so  connected  to  sumps  or  other  means 

of  drainage  as  to  automatically  clear  itself  of  water  without  danger 
of  the  water  reaching  the  level  of  the  conductors. 
(<i)  If  the  conduit  is  fonuM  of  metal,  all  separate  lengths  shall  be  so  Jointed 
as  to  secure  efficient  metallic  continuity  for  tne  passage  of  electrie 
currents.  Where  the  rails  are  used  to  form  any  part  of  the  return, 
they  shall  be  electrically  connected  to  the  conduit  by  means  of  cop- 

Eir  strips  having  a  sectional  area  of  at  least  one-sixteenth  of  a  square 
ch,  or  other  means  of  equal  conductivity,  at  distances  apart  not  ex- 
ceeding 100  feet.  Where  tne  return  is  wholly  insulated  and  contained 
within  the  conduit,  the  latter  shall  be  connected  to  earth  at  the  gen- 
erating station  through  a  high  resistance  galvanometer,  suitable  for 
the  indication  of  any  or  partial  contact  of  ^her  the  line  or  the  return 
with  the  conduit. 
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(«)    If  the  conduit  is  formed  of  any  noii>metallie  material  not  being  of  high 
insnlatinff  quality  and  impenriooB  to  moistnre  throughout,  and   is 

I>)aoed  within  six  feet  of  any  pipe,  a  non-conducting  screen  shall  be 
nterpoeed  between  the  conduit  and  the  pipe,  of  such  material  and 
dimensions  as  shall  proride  that  no  current  can  pass  between  them 
without  trayersing  at  least  six  feet  of  earth;  or  the  conduit  itself  shall 
in  such  case  be  fined  with  bitumen  or  other  non-conducting  damp- 
resisting  material  in  all  cases  where  it  is  placed  within  six  feet  of  any 


pipe. 

Tliele 


(/)  The  leakage  current  shall  be  ascertained  daily  before  or  after  the  hours 

of  running,  when  the  line  is  fully  charged,  and  if  at  any  time  ft  shall 

be  found  to  exceed  half  an  ampere  per  mile  of  tramway,  the  leak  shall 

be  localised  and  removed  as  soon  as  practicable,  and  the  rminlng  of 

the  cars  shall  be  stopped  unless  the  leak  is  localized  and  remored 

within  M  hours. 

19.  The  company  shall,  so  far  as  may  be  applicable  to  their  system  of 

working,  keep  records  as  specified  below.    These  reoords  shall,  if  and  when 

required,  be  forwarded  for  the  information  of  the  Board  of  Trade. 

VHMj  ]|cc«vda* 

Number  of  cars  running. 

Maximum  working  current. 

Maximum  working  pressure. 

Maximum  current  from  earth  connections  (vide  Regulation  6  (1) ). 

Leakage  current  (vide  Regulation  10  and  18/.). 

Fall  of  potential  in  return  (vide  Regulation  7). 

M«»tMj  Records. 

Condition  of  earth  connections  (vide  Regulation  6). 
Insulation  resistance  of  insulated  cables  (vide  Regulation  11). 

€^»arterlj  ]i«c«rda. 

Conductance  of  Joints  to  pipes  (vide  Regulation  8). 


Any  tests  made  under  proTisions  of  Regulation  6  (2). 
Localization  and  removal*  of  leakage,  stating  time  occupied. 
Particulars  of  any  abnormal  occurrence  affecting  the  electric  working  of 

the  tramway.                                            ...                    ,        -  .«.» 

Signed  by  ofder  of  the  Board  of  Trade  thia ^day  of 1» — 


Assistant  Secretary,  Board  of  Trade. 
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Dr.  Looia  Bell  civee  the  foUowing  steps  m  the  best  to  be  followed  in 
entering  upon  the  oftlculation  of  the  oondueting  system  of  a  trolley  road: 

Extent  of  lines. 

Average  load  on  eaeh  line. 

Center  of  distribution. 

Maximum  loads. 

Trolley  wire  and  track  return. 

General  feeding  system. 

Reinforoement  at  special  points. 

It  must  be  said  at  once  that  experience,  skill,  aixl  good  judgment  are  far 
better  tban  any  amount  of  theory  in  laying  out  the  conducting  system  of 
any  road. 

Much  depends  upon  the  character  of  the  load  factor,  i.e..  the  ratio  of 
average  to  maximum  out-put;  and  this,  varying  from  .3  to  .6.  can  only  be 
judged  from  a  study  of  the  particular  locahty,  the  nature  of  its  industries 
and  working  people,  the  shape  of  the  territory,  and  the  nature  of  the  sur- 
rounding country. 

Map  out  the  track  to  scale,  noting  all  distances  carefully,  and  dot  in 
any  contemplated  extensions,  so  that  adequate  provision  may  be  made  in 
the  conducting  system  for  them.  Note  all  grades,  givinff  their  length,  gra- 
dient, and  direction.  Divide  the  road  into  sections  snco  as  may  best  sng- 
8 est  themselves  by  reason  of  the  local  reouirements,  but  such  as  will  make 
lie  service  under  ordinary  conditions  fairly  constant. 

The  average  load  on  each  section  will  depend,  of 'course,  upon  the 
number  of  cars,  and  the  number  of  cars  upon  the  traffic.  This  can  only  be 
arrived  at  by  a  comparison  with  similar  localities  already  equipped  with 
street  railway,  and  even  then  considerable  experience  and  keen  judgment 
of  the  general  nature  of  the  towns  are  necessary  in  arriving  at  anydiiilg 
like  a  correct  result. 

If  the  road  has  been  correctly  laid  out  as  to  sections,  the  load  on  each 
will  be  uniform  and  may  be  considered  as  concentrated  at  a  point  midway 
in  each' section.  Now,  u  a  street  railway  were  to  be  laid  dlown  on  a  per- 
fectly level  plain  where  the  cost  of  real  estate  was  the  same  at  all  points, 
and  wires  could  be  run  directly  to  the  points  best  suited;  then  it  would  only 
be  necessary  to  locate  the  center  of  gravity  of  the  entire  system,  and  build 
the  power  station  at  that  point,  sending  out  feeders  to  toe  center  of  each 
section.  Unfortunately  for  theory,  such  is  never  the  case;  and  cost  of  real 
estate,  availability  of  the  same,  convenience  of  fuel,  water,  and  supplies 
will  govern  very  largely  the  selection  of  a  location  for  the  power-house. 
Even  when  all  tne  above  points  necessitate  the  placing  of  the  power-house 
ftf  from  the  center  of  gravity  of  a  system,  It  may  be  possible  to  use  such 
center  as  the  distributing  point  for  feeder  systems,  and  even  where  this  is 
not  possible,  it  is  well  to  keep  in  mind  the  center,  and  arrange  the  dis- 
tributdnff  system  as  nearly  as  possible  to  fit  it. 

All  this  relates,  however,  to  preliminary  determinations  for  the  system 
as  determined  at  the  time,  and  in  large  systems  will  invariably  be  supple- 
mented by  feeders,  run  to  such  points  as  the  nature  of  the  traffic  demands. 
A  baseball  field  newly  located  at  some  point  on  the  line  not  known  to  the 
engineer  previous  to  the  installation,  will  require  reinforcement  of  that 
particnlar  section;  and  often  after  a  road  has  been  running  for  some  time, 
the  entire  location  of  traffic  changes,  due  to  change  in  facilities,  and  feeder 

a  steins  then  have  to  be  changed  to  meet  the  new  conditions,  so  that  after 
Llocatlon  of  the  center  of  distribution  depends  largely  on  judgment. 

The  maximum  current  will  rise  to  four  or  five  times  the  average  where 
but  one  or  two  cars  are  in  use;  will  easily  be  three  times  the  average  on 
roads  of  medium  sise,  while  on  very  lar^  systems  it  may  not  be  more  than 
double  the  average.  If  speeds  are  maintained  on  heavy  grades  the  maxi- 
mum is  still  further  liable  to  increase. 

Another  point  to  be  considered  in  connection  with  maximum  load  is  the 
location,  not  only  of  heavy  grades,  but  of  paries,  ball-grounds,  athletic  fields, 
oemetenes,  and  other  such  places  for  large  gatherings  of  people  that  are 
Hable  to  osll  for  heavy  msftsing  of  cars,  many  of  which  must  be  started 
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praoticaUy  at  ih»  same  time,  and  for  which  extra  feeder,  and  in  eonie  oaeee 
extra  trolley  capacity,  must  be  provided. 

Having  determinea  the  average  current  per  section  of  track,  the  tn^Triwtmw 
for  the  same,  and  the  extraordinary  maximum  for  ends,  park  locations,  etc^ 
as  well  as  the  distances,  all  data  are  obtained  necessary  for  the  determina- 
tion of  sises  ci  feeders. 

The  selection  of  the  proper  sise  of  trolley  wire  is  somewhat  empirical,  bat 
the  sise  may  be  governed  by  the  amount  of  current  that  is  to  be  carried.  It 
li  obvious  that  with  given  conditions  the  larger  the  trolley  wire  the  fewer 
feeders  will  be  necessary,  and  yet  with  few  feeders  the  voltage  is  liable  to 
vaiy  considerably.  In  ordinary  practice  of  to-day  No. OB.  Jk.a,  and  No. 00 
B. «.  S.  gauge,  hard-drawn  copper  are  the  sises  mostly  in  use,  the  latter  on 
those  roads  having  heavier  traffic  or  liable  to  massmg  of  cars  at  certain 
localities.  On  suburban  roads  using  two  trolley  wires  in  place  of  feeden, 
0000  B.  &  S.  gauge  will  probably  be  best. 

Track  return  circuit  has  been  treated  fully  in  a  previous  chapter  (see  pa|(e 
771);  and  all  that  is  needed  to  say  here  is,  that  some  skill  in  judgment  is 
necessary  in  settUng  on  the  value  of  the  particular  track  return  that  may  be 
under  consideration,  in  order  to  determme  the  value  of  the  constant  to  be 
used  in  the  formula  for  computing  the  sise  of  wire  or  overiiead  circuit.  In 
ordinary  good  practice  this  value  may  be  taken  as  13.  14,  or  15,  aooording  as 
the  bonding  and  rail  dimensions  are  of  good  type  ana  laxge. 

It  is  quite  obvious  that  the  current-oarrying  oa,peLciiy  of  the  feeder  must 
be  taken  into  consideration,  in  spite  of  any  determination  of  drop;  and  this 
ean  be  found  in  the  chapter  on  CondtuAon.     Sises  of  conductors  are  also 

fovemed  to  some  extent  by  convenience  in  handling,  and  it  is  found  that 
,000,000  cm.  is  about  the  largest  that  can  be  safely  handled  for  under- 
ground work,  iKiiile  anything  larger  than  500,000  cm.  for  overhead  cirouita 
IS  found  to  be  difficult  to  handle. 

coiminroi;*  cinuftsirT  nssi^siiA  mjoajs^  ]»kekr- 

4 

The  first  step  towards  determining  the  load  Is  to  draw  a  train  diagram 
from  the  proposed  time-table  or  schedule  of  trains.  Sudi  a  diagram,  having 
as  abscisssB  the  length  cIL  the  line  and  as  ordinates  the  hour  of  the  day, 
shows  in  a  graphic  form  the  oourae  of  every  train  and  the  number  of  traina 
on  the  line  at  any  time.  The  stops  may  be  omitted  if  they  are  very  short 
compared  to  the  runs,  but  in  any  case  it  is  usual  to  show  the  course  of 
each  train  by  a  straignt  line  over  each  run,  variation^  of  speed  being 
ignored  unless  of  considerable  duration  and  magnitude.  An  example  of  traeSk 
a  train  diagram  is  (pven  in  Fig.  138,  in  which  each  train  is  indicated  by  a 
special  kind  of  line  in  order  to  illustrate  how  it  travels  to  and  fro.  The  load 
at  any  time  is  estimated  by  counting  how  many  train  curves  cut  the  fine 
representing  that  particular  time.  Knowing  the  average  amperes  per  train 
the  total  amperes  are  easily  estimated  for  any  time  en  day  and  may  be 
plotted  in  the  form  of  a  load  dia^^ram.  The  average  value  of  amperes  for 
this  puroooe  is  obtained  by  plotting  the  curves  of  current  for  each  run  waaA 
adding  the  ampere  hours  of  all  these  runs.  The  total  ampere  hours  divided 
by'the  total  number  of  hours  occupied  by  the  runs,  is  the  average  current 
taken  by  a  train. 

The  method  of  plotting  the  current  curves  is  described  on  psge  067. 

■ceKomlcal  I»«#jg-n  ef  I*eedeTa. — The  investment  in  a  system 
of  feeders  may  be  expressed  as  an  initial  cost,  or  as  an  annual  interest  or 
percentage  thereof.  The  value  of  the  kilowatt-hourB  lost  in  the  feeders  is 
most  conveniently  expressed  as  an  annual  expense.  The  sum  of  these  two 
annual  items  is  the  total  annual  expense  of  the  feeders.  If  the  cost  of 
feeders  be  proportional  to  the  amount  of  copper  and  if  the  energy  loss  be 
computed  for  exactly  the  same  part  dt  the  system  ss  the  first  coet  expense, 
the  totsl  cost  will  be  a  minimum  when  the  interest  and  energy  items  are 
eaual.  This  is  known  as  Kdvin's  Law.  Unfortunately  the  conditions 
which  are  necessary  for  the  correct  application  of  tiiis  rule  are  not  usually 
met  with  in  practice.  The  cost  of  conductors  is  seldom  proportional  to  the 
amount  of  copper  owins  to  the  existence  dF  such  items  as  cost  of  manu- 
facture, instaUatton  and  Insulation.  When,  however,  It  is  desired  to  find 
the  most  economical  siee  of  feeder  to  connect  to  a  trolley  wire  or  oontaot 
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Yarioua  airmnfeements  of  feeder  aod  oontaet  oonduoton  are  shown  in 
FioB- 139. 140.  141. 142,  and  143.  Fig.  139  shows  the  simple  ladder  system 
in  which  the  feeders  and  trolley  wire  are  joined  at  intervals  so  as  to  form  vir- 


FEEOOt 


TROLLEY  wme 


TRAOCRBTtlRN 

ciRourr 


Fio.  139. 


tiially  a  sini^e  eonduotor.  In  its  best  form  the  cross  section  ot  the  feeder  is 
tapered  according  to  the  rules  given  below.  Fi^.  140  shows  a  modification 
ot  the  last  scheme.  In  this  case  the  trolley  wire  is  out  into  sections,  so 
that  whUe  losing  the  extra  oonduetivity  of  the  continuous  trolley,  each  section 


+ 


TROdLEY  IM  SECTIONt 
TRMKRBTUM 

em 

Fig.  140. 


may  be  out  out  in  ease  of  trouble  without  depriving  the  remainder  of  the 
system  of  current.  Each  section  may  be  protected  by  a  fuse  and  switch 
or  a  circuit  breaker,  but  it  is  a  disadvantage  to  have  such  apparatus  scat< 
tered  along  the  line.     Fig.  141  shows  a  ssrstem  where  the  current  leaves  the 
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station  by  aerwal  linee,  thereby  enabling  a  number  of  small  oirooit  breakan 
to  be  used  instead  of  the  larse  one  required  b^  the  other  systems.  It,  how- 
ever, has  the  disadvantage  of  oeing  uneoonomioal  in  copper,  as  the  lone  lines 
oarry  very  little  of  the  load  hear  the  generators.  The  system  shown  in 
Fig.  142,  IS  in  many  respeots  ideal  from  an  operating  standpoint,  but  it  is 
•vary  UBaoonomioal  m  eopper  and  energy.     Each  section  of  the  troOey  wire 


Station  Bus 


Fesdars 


Bin 


Fio.  143. 

or  thixd  rail  may  be  controlled  by  a  circuit  breaker  in  the  power  station  thus 
giving  the  operators  complete  control  in  case  of  overload,  short-circuit,  or 
accident  of  any  kind.  It  is  also  quite  advantageous  to  replace  a  large  circuit 
breaker  by  a  number  of  small  ones  where  thousands  of  amperes  have  to 


Fio.  144. 


be  transmitted.  A  combination  of  the  last  two  ssrstems  is  where  the  sections 
are  connected  by  switches  which  can  be  opened  in  case  of  accident,  but 
are  normally  kept  closed.  Fig.  143  shows  a  system'  that  is  useful  for  nega- 
tive return  conductors  in  oases  where  it  is  important  to  keep  down  the  drop 
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Fio.  146. 


in  the  grounded  rails.  The  numerous  taps  drain  off  the  eanent  in  their 
neifl^borhood  and  so  prevent  the  current  in  the  rails  b^mg  great  at  any 
point.  The  drop  of  potential  in  these  insulated  feeders  will  be  considerable, 
but  in  the  grounded  ones  it  will  be  very  Uttle.  This  is  in  some  cases  mora 
economical  and  certainly  more  simple  than  a  "negative  booster." 
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OAMAJWJJLA.'WWOim  OW  TOMmSMOlVS  OV   COimiJCTOliS. 

The  problem  of  determination  of  the  proper  sixe  of  oondvotors  to  be 
need  in  diatribating  the  current  for  an  electno  railway  is  somewhat  eom- 
pUoated  by  the  fact  that  the  load  is  moving  or  changing  ite  location  all 
the  time,  and  more  lo  by  the  always  changing  condition  of  the  resistance 
of  the  ground  return,  due  to  load,  to  track  oending,  condition  of  the  earth 
return,  and  nearness  of  water  and  other  underground  pipes.  Owing  to  this 
changing  condition  of  the  nound  return  part  of  the  circuit  it  is  necessary 
to  assume  some  arbitrary  value  for  it,  in  comparison  with  that  of  the  over- 
head or  insulated  portion.  The  resistance  of  the  ground  return  is  seldom 
as  high  as  that  of  the  overhead  part,  nor  is  it  often  as  good  as  .26  of  that 
value ;  these  values  change  with  the  1<msu1  and  track  conditions,  and  it  is 
now  most  universal  to  use  the  factor  14  as  a  number  which  represents  the 
value  of  both  overhead  and  return  conductor,  in  place  of  10.8,  the  resistance 
per  mil-foot  of  copper,  and  that  value  is  therefore  used  in  the  formula 
for  calculating  the  sizes  of  overhead  conductors,  and  has  been  found  to 
produce  good  results  in  practice. 

Let  d     ■>  distance  from  switchboard  to  end  of  conductor. 
CM  «■  cir.  mils  area  of  the  conductor, 
r     —  drop  in  volts  at  far  end  of  line. 
/      ■-  current. 
IT    —  watts. 

B     ■■  volts  at  switchboard. 
10.8  ■■  resistance  of  arc  mil-foot  of  commercial  hand  drawn  copper 

wire  at  WCorGSPF. 
14     ■■  resistance  factor,  including  track  return. 
%      »  per  cent  expressed  as  a  whole  number,  as  10  or  20. 

Then  for  plain  feeders  between  switchboard  or  other  source  of  supply 
and  the  attaching  point  to  the  system. 


r- 


1400  Xd  X  watts 

%  XJ5« 
M  X  tf  X  / 

CM 
%  XB 
100 


The  above  formula  can  be  used  for  nearly  all  practical  detertninatlons  of 
feeder  and  other  conductor  sizes,  but  must  always  assume  the  load  to  be 
concentrated  at  one  point  or  center.  For  other  formula  for  calculation  of 
the  size  of  conductors  see  chapter  on  conductors. 

JMairlbntloM  mt  Cnrre»«.  —  It  is  usual  to  assume  the  drain  of 
current  from  the  contact  conductor  to  be  uniform,  so  that  the  current  at 
any  section  is  given  by  the  ordinates  of  a  strai^t  line  sloping  down  from  the 
power  station.  The  error  in  this  assumption  la  decreasea  on  account  <9f  the 
motion  of  the  cars  as  this  causes  the  load  to  act  as  if  more  distributed. 

IMatril»«tlo»  9f  C«pp«r —  As  the  feeders  carrsdng  the  same 
enrrent  along  their  entire  length  can  be  treated  by  the  simple  formula  shown 
above,  it  is  only  necessary  to  consider  those  along  which  there  is  a  uniform 
drain  of  currrait.  Four  typical  oases  are  shown  in  the  table  with  their  respec- 
tive formula  for  circular  xnfls.  CM.  ft.,  watts  lost,  and  potential  drop,  llie 
following  abbreviations  are  used. 

Where  conductors  of  iron  or  aluminum  are  used  it  is  best  to  reduce  them 
to  equivalent  sections  of  copper. 

The  volts  drop  given  by  tne  formula  are  from  the  far  end  of  the  line;  in 
order  to  get  the  cuop  from  the  power  station,  the  values  obtained  by  the 
formula  must  be  subtracted  from   V. 
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VKlfO 


l»nilM  •r  €}m 


AMPS. 


CM. 


CM,  ft. 


AMPS 


Fio.  146.     Case  1. 
CoBdnctor  lJ»lf« 

10.6X1X1 


2F 

10.8  Xi^* 
"    2F 


Watte  lost  =  I /F. 


Volte  drop  = 


10.8  X  TX(f^ 
2  X  t\M.  X  ^' 


CM. 


CJi.tt. 


I0.8x/Xd 

r 

.10.8  X/xy 
3F 


FiQ.  147.     Caae  2. 

Watte  lost 
Volte  drop 


CONTINUOUS  CURRENT  FEEDERS. 
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AMPS. 


CM. 


CM.  ft.  = 


Fxo.  148.    Case  3. 
CoMdnctor  HIo«t  Kcoaomtcallj 


zr 

4X10.8X/X<» 
»  V 


Watte  lo8t 
Yolte  drop 


I- 


CM.  ft. 


Fia.  149.     Case  4. 

l«c««r  ITaifonM.    Cnrreni  I  at  Stotloa  wad  1  »t 

IMateMt  flBd. 


10.8x(/+i)/ 

2r 

10.8  X(/+*)^' 
TV 


Watte  lost  = 
Total  drop,  F= 


10.8x^X(7a+ii+<g) 

C  Jlf.  X  3 
10.8xJX(/+i) 


C.ilf.  X  2 
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In  ease  3,  the  formula  for  CM.  gives  the  most  eoonomioa]  distribution  of 
oopper  to  produce  a  certain  drop  V  to  the  far  end  of  the  line.  It  is,  of  couiae, 
impoosible  to  get  this  exact  arrangement  in  practice  as  conductors  ol  definite 
sise  must  be  used.    The  conductors  are,  therefore,  arranged  in  steps  of 


AMPS. 


CM. 


— 

^^v 

^-5. 

Fio.  160. 


decreasing  area  as  shown  in  Fig.  150,  each  of  which  m»y  be  trsated  as  an 
example  of  case  4. 

Mtec«llwieoae  FennnleB.  —  Watta   lost,   asauminc  uniform   drain 
of  cumnt. 

Watts  —  amperes  per  foot  X  area  of  "Drop"  ourv^  in  volt-feet. 
Potential  drop  in  uniform  conductor  with  anjf  diatribiUion  of  current. 
Volts  •"  ohms  per  foot  X  area  of  current  curve  in  amjpere-feet. 
Moat  economioM  distribution  of  oopper  toith  any  distrwution  of  ^current. 

Cross  section  of  copper  proportional  to  ^current. 

NoTB. —  Do  not  connect  trolley  wire  to  feeder  too  dose  to  power  line  or  sub- 
stations, as  if  done  this  will  cause  frequent  opening  of  circuit  breidDBn. 


One  train  moving  between  8.8.  with  constant  speed  and  constant  entrent. 

/    «>  current  per  train. 

L   «■  diwtAnoe  oetween  sub-stations. 


ic  —  resistance  of  une  per  m 
^1  -  potential  of  S.S.  No.  1 
Ba  -  potential  of  8.8.  No.  2. 


mile  of  track. 


8^.1. 


s: 


8A.2. 


Fio.  151. 
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Itawp  at  TimlB. 

tt         4 
h\       2 


2         "*■       4/i2L 


I^f        2 

l»v»p  at  Tirala. 

IRL 


2RL 
Ex  —  B% 

2IR    ' 


/»}        2 


El  —  E% 


6  2 


AL 


b«twe«a  0Jk 


/»/2Il    .    (*i  -  ^1^ 


6 


i2L 


Tlie  impedanoe  of  iron  or  steel  conductors  to  alternating  currents  is 
a  oomi^oated  phenomenon  which  varies  with  the  frequency  of  the  current 
flowing  with  the  area  and  the  shape  of  the  perimeter  of  the  cross  section  and 
the  permeability;  and  the  permeaoility  depends  upon  the  current  in  the  con- 
ductor; therefore  statements  of  the  impedance  of  iron  or  steel  conductors 
to  alternating  currents  convey  little  true  meaning  without  a  statement  of 
ail  the  conditions  named  above.  Owing  to  the  complexity  of  these  con- 
ditions it  is  practically  impossible  to  compute  the  values  which  must  there- 
fore be  determined  by  experiment. 

Following  are  tables  showing  the  results  of  experiments  upon  steel  track 
rails. 


Kxperi«i«atal  Ileterasinatloa  •€  laspcdsuioa  af  0te«l  Rail*. 

(ii .  H.  ArmBtrong,  O.  B.  Co.) 

4ft«poiiiid  Hail. 

Measured  cross  section  —  4 .  26  square  inch.     Perimeter  — 15 .  875  inches. 
Direct  current  resistance  of  180  feet —  .00371  ohm. 


Cyde 

Amps. 

Volts 

Power 
Factor 

Imped- 
ance 

Watts 

Eff.  Res. 

React. 

25 
25 
25 

40 
40 
40 

60 
60 
60 

223.2 

332 

438 

223.2 

332 

438 

438 

4.18 
6.75 
8.85 

5.37 

8.8 

11.47 

6.88 
11.06 
14.46 

.834 
.852 
.864 

.826 
.876 
.889 

.850 
.901 
.877 

.01875 

.0208 

.0202 

.0241 
.0265 
.0262 

.0308 
.0334 
.0330 

776 
1910 
3350 

990 
2560 
4460 

1308 
3305 
5550 

.0156 

.01735 

.01747 

.0199 
.0233 
.0232 

.0262 
.0300 
.0289 

.0103 
.0106 
.0102 

.0136 
.0120 
.0120 

.0162 
.0145 
.0158 
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Meaaured  otom section  —  6  square  inches.     Perimeter— 18.75  inehea. 
Direct  current  resistanoe  of  180  feet  —  .00185  ohm. 


Cycles 

Amps. 

Velts 

Power 
Factor 

Imped- 
ance 

Watts 

Eff.  Res. 

React. 

25 
25 
25 

40 
40 
40 

60 
60 
60 

296 
398 
622 

296 
398 
622 

296 
398 
622 

6.32 

8.64 

11.73 

7.95 
10.98 
15.4 

10.13 
13.74 
19.15 

.826 
.849 
.861 

.896 
.871 
.870 

.901 
.916 
.869 

.0213 
.0217 
.0189 

.0268 
.0276 
.0248 

.0343 
.0345 
.0308 

1545 
2820 
6280 

2110 
3800 
8340 

2700 

5010 

10350 

.01765 
.01841 
.01625 

.0241 
.0240 
.02155 

.0308 
.0317 
.0268 

.0120 

.01145 

.00961 

.0119 

.01355 

.0122 

.0149 
.0138 
.01525 

n. 

Measured  cross  section  —  7.77  square  inch.     Perimeter  —  21.5  inch< 
Direct  current  resistance  of  180  feet  —  .002035  ohm. 


Cycles 

Amps. 

Volte 

Power 
Factor 

Imped- 
ance 

Watte 

E£F.  Res. 

React. 

25 
25 
25 

392 
620 
820 

6.1 
10.01 
12.83 

.796 
.756 
.834 

.01555 

.0162 

.01565 

1905 
4700 
8760 

.0124 

.01225 

.0130 

.0094 

.0106 
.00863 

40 
40 
40 

392 
620 
820 

7.61 
12.98 
17.35 

.816 
.837 
.866 

.0194 
.0209 
.0212 

2440 

6720 

12300 

.0159 
.0175 
.0183 

.0112 

.001145 

.0106 

60 
60 

392 
620 
820 

10.15 
17.03 
21.65 

.863 
.898 
.853 

.0259 
.0275 
.0264 

3430 

9460 

15150 

.0223 
.0246 
.0225 

.0131 
.0121 
.0138 

■xperiateat  oa  late 


orica  Tracka 


•f  W^Mtlivb* 


D 


"In  order  to  determine  the  drop  in  voltaM  in  a  circuit  eompoaed  of  a 
troUey  wire  and  a  pair  of  track  rails  and  to  determine  also  the  effect  of  the 

addition  of  a  feeder,  the  following   teste  were 

^^  made  on   the  Westmghouae   Interworks  Rail- 

way, in  March,  1905.  The  section  of  the  rtiad 
selected  was  4000  feet  long  and  consisted  of  1200 
feet  of  double  catenary  construction  and  2800 
feet  of  single  catenary  construction.  The  trolley 
wire  was  No.  000  and  the  track  rails  www  70 
pounds.  The  trolley  wire  was  24  feet  above 
the  track  on  the  double  catenary  portion  and  22 
feet  on  the  single  catenary.  The  measenser 
cable  consisted  of  ^inch  stranded  steel  cable. 
A  No.  0000  feeder  was  located  approximat^v  8 
feet  above  and  8  feet  to  the  side  of  tibe  trojl^y 
wire,  as  indicated  in  sketch  (Fig.  152). 


-4000' 


Fio.  152. 


EXPERIUENT  ON  INTEBWOBK8  TRACKS. 
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With  the  end  of  the  trolley  wire  grounded  to  the  traek  and  an  alternating 
eurrent  of  25  cycles  applied  at  the  points  B,  C,  the  following  resulte  were 
Stained,  with  the  aid  of  the  No.  0000  feeder  used  as  a  voltmeter  lead. 


Total 

Volts 

Volts 

Total  Im- 

Power 

Amperes 

volts 
B  -C 

A  -  B 

A  -C 

pedance 

Factor 

50 

23.5 

15.5 

8 

.47 

.646 

100 

46.2 

•  •  •  » 

•  •  •  • 

.466 

.637 

150 

68.5 

45 

22 

.456 

.639 

200 

80.6 

63.2 

29.6 

.448 

.63 

300 

138.4 

97 

44 

.448 

.62 

Average 

.457 

.634 

On  direct  current  the  average  resistance  of  the  total  circuit  B-C  was 
.248  ohm;  of  the  portion  B-D,  .219  ohm;  and  of  the  portion  OD,  .0266 
ohm.  , 

It  will  be  seen  from  the  above  that  the  drop  in  voltage  in  this  circuit, 
composed  of  trolley  and  track,  was  45.7  volts  per  100  amperes  and  that 
approximately  two-thirds  of  this  was  due  to  the  trolley  wire  and  one-third 
due  to  the  raus. 

In  the  second  set  of  tests,  current  was  supplied  to  the  No.  0000  feeder 
and  trolley  wire  in  parallel  and  with  25  cycles  alternating  current,  the 
following  results  were  obtained. 


Total 
Amps. 

Amperes 
in  trolley 

Amps,  in 
feeder 

Voltage 

Imped- 
ance 

Power 
Factor 

100 
150 
200 

51.5 
72.7 
95.3 

48.5 

77.3 

104.7 

32.5 
48.4 
63.2 

Average 

.325 
.323 
.316 

.321 

.553 
.644 
.54 

.542 

On  direct  current  the  resistance  of  this  circuit  was  .  1298. 

It  will  be  seen  from  these  results  that  the  addition  of  the  No.  0000  feeder, 
which  reduced  the  resistance  from  .248  ohm  to  .1298  ohm,  or  nearly  cut 
it  in  half,  reduced  the  drop  with  alternating  current  from  45.7  volts  per 
100  amperes  to  32 . 1  volts  per  100  amperes  or  only  about  one-third. 

This  mdicates  that  for  single-phase  railways  the  most  economical  use  d 
copper  is  to  place  it  in  the  trolley  wire  onlv  and  to  so  locate  the  feeding 
pomts  that  proper  voltage  will  be  obtained. 

In  general,  with  a  circuit  consisting  of  No.  000  trolley  and  a  pair  of  70- 
pound  rails,  the  drop  in  voltage  with  ^  cycle  alternating  current  is  approx- 
imately 60  volts  per  100  toiperes  per  mile,  but  only  from  60  to  66  per  cent 
of  this  voltage  represents  a  loss  of  ener^. 

With  the  sltematinp  ouirent  system  using  a  trolley  and  track  return,  there 
is  an  inductive  drop  m  the  tR^ley  and  raib,  with  an  additional  loss  in  the 
latter  case  due  to  eddy  currents  and  hysteresis,  lleasurentents  made  upon 
the  Ballston  line  indicate  an  apparent  trolley  resistance  of  1 . 3  times  the 
<»himc  rasistanoe,  and  a  rail  resistance  6 .  55  times  the  ohmic  resistance. 
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Co«ipanUtv«   A.  C.  Mid  H.  C.  IlMtettuice   Tr»llejr  aad 

Vrack,  Per  HUe  ef  Circuit. 

DX3. 
Renstanoe 

A.C.  Resist. 
25  Cycles 

B-oo*;^ 

Ohms. 

Ohms. 

Two  trolleys  in  aeries 

.318 

.417 

1.31 

One  troUegr  and  double  tmek  .... 

.167 

.259 

1.55 

Two  troUeys  end  double  track     .    .   . 

.068 

.155 

1.7« 

Double  trmok  alone 

.0174 

.114 

e.55 

The  impedanoe  of  an  eleotrio  railway  oonduotinf  system  oonsisting  of  a 
tfoUey  wire  overhead,  plaoed  in  some  sort  of  location  above  the  two  traek 
rails,  IS  a  still  further  oomplioation,  and  this  impedanoe  comprises  the  resist- 
anoe  and  reaotance  of  the  trolley  wire,  and  if  of  catenary  construction,  the 
messenger  wires;  the  resistance  and  inductance  oi  the  rails;  the  induetaabe 
of  the  circuit  bounded  by  the  rails  and  the  trolley  wirCj  and  the  mutnel 
inductance  ot  the  currents  in  the  two  rails.  The  calculation  of  this  imped- 
ance is  therefore  hardly  possible  and  in  all.  cases  its  value  must  be  detefw 
mined  by  experience. 


The  following  tests  are  condensed  from  an  artiele  by  A.  B.  Herrlok  In  tha 
Street  Au/umy  Joumalt  April,  1809. 
The  following  instruments  will  be  required : 

A  barrel  water  rheostat  to  take  say  100  amperes. 
A  voltmeter  reading  to  600  volts. 
A  voltmeter  reading  to  126  volts. 
An  ammeter  reading  to  say  100  amperes. 

A  pole  long  enough  to  reach  the  trolley  wire,  with  a  wire  running  akmg  it 
having  a  hook  to  make  contact. 

Use  one  generator  at  the  stationi  and  have  the  attendant  keep  pressure 
constant. 


Taet  far  Hvop  asiA  IlaeiataMoa  i»  OrarMasiA  Xil» 


The  ear  containing  the  above  equipment  of  instruments  Is  run  to  the  end 
of  the  section  of  conductor  which  It  is  desired  to  test,  where  a  line  circuit- 
breaker  divides  the  sections. 

The  instruments  are  then  connected  as  shown  in  Fig.  158. 

It  is  clear  now  that  If  the  switch  G  be  dosed,  current  will  flow  tfarouf^ 
the  rheostat  and  be  measured  by  the  ammeter.  We  now  have  the  trolley 
and  feeder  B  for  a  pressure  wire  back  to  the  station,  and  the  reading  of 
voltmeter  0  therefore  gives  the  drop  between  the  station  and  the  polnl  A 
in  the  feeder  aifd  trollev  carrying  the  load.  Voltmeter  D  shows  the  drop 
aerofs  the  rheostat ;  and  If  the  sum  of  readings  C  and  D  be  dedaoted  from  like 
■talton  pressure,  the  differenee  will  be  the  drop  in  the  ground  ratura. 
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Fiain. 

Hie  station  pressure  can  be  taken  by  changing  the  lead  of  Toltmeter  0 
down  to  F  as  shown  by  the  dotted  line. 

The  drop  on  A  and  its  resistance  harlng  been  found,  the  trolley-pole  can 
be  svnng  aroond  and  the  same  data  be  determined  for  the  elroult  B. 


T«  Mead  thm  C»ro 


(>pen  the  station  switch  on  that  feeder  that  Is  being  nsed  as  pressnre  wire, 
and  groimd  the  feeder  to  the  ground  bus  through  a  rose  for  safety. 

Connect  the  Instruments  as  shown  in  the  following  cut ;  then  when  the 
■witch  O  is  closed  and  current  flows,  the  drop  from  A  to  F  read  on  yoltmetet 
G  will  be  the  drop  in  the  ground  return  from  F  to  3L 


FEEDER 


nXMAMA 


FlO.154. 
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¥•  Determine  ]to«p  at  JBnd  ef  Iilaie* 

For  use  on  doable-track  lines  only,  nnleM  a  preuure  wire  can  b«  nm  to 
(he  end  of  line  from  the  laat  line  eirooit-breaker. 

Break  all  cross  connections  from  feeder  to  trolley-wire  for  one  track,  at 
at  n ;  connect  this  idle  trolley  to  the  next  one  back  toward  the  station,  at 
at  C,  then  make  the  tests  as  in  the  two  methods  described  abo7e,oomieotloiit 
being  shown  In  the  following  out. 

FEEDER 


FFEDER 


TROLLEY 


TROLIEY 


RAIL 


FlO.165. 

To  ]»etennlne  the  Condltlen  of  Track  .aw-nu-i*, 

DiTlalon  of  Metam  Carreat  throaffh  IftaiU,  W^ater 
or  C^aa  PIpea,  aad  C^roaad. 

The  cut  below  shows  the  connections  for  this  test  as  applied  to  a  single 
track,  or  to  one  track  of  a  double-track  road. 

Qroond  the  feeder  A  at  the  station,  or  rather  connect  it  to  the  ground  bos 
through  a  fuse.  Then  connect  the  track  at  O  to  A  bv  the  pole  £  through 
the  ammeter  M.  The  drop  between  points  F  and  D  wUl  be  the  drop  through 
the  rail  circuit  between  G  and  D,  due  to  the  current  flowing. 

If  oonnection  be  made  to  a  hydrant,  or  other  water  connection,  and  to  a 
gas-pipe,  as  at  X,  still  retaining  the  rail  connection  at  C,  more  ourrent  will 


FIO.  166. 
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0OW  tbrouf^  ammeter  M,  due  to  proTiding  the  metallic  retnm  through  A 
for  the  water-pipe,  and  the  first  reading  of  the  ammeter  M  is  to  the  second 
reading  as  the  resistance  of  the  water-pipe  is  to  that  of  the  rail  return,  and 
the  current  returning  to  the  station  will  distribute  itself  between  the  two 
paths  in  proportion  to  the  readings  mentioned.  If  ammeter  O  be  read  at  the 
same  time,  the  difference  between  its  reading  and  the  sum  of  the  other 
two  readings  will  be  the  amount  of  current  returning  by  other  paths  than 
the  rail  and  water-pipe.  If  C  is  near  the  station  it  may  be  necessary  to 
break  the  ground  connection  between  rails  and  bus,  so  that  all  current  may 
return  orer  the  metallic  circuit  A. 

To  determine  condition  of  bonds,  move  the  contact  C  back  towards  D.  and 
the  decrease  in  drop  as  shown  by  the  vm.  will  be  rerr  nearly  proportional 
to  the  length  of  track,  except  where  a  bad  or  broken  bond  may  be  located, 
when  the  change  will  be  sudden. 


V»iTESr«    RAMI.    BOm»A. 

It  is  not  commercially  practicable  to  measure  the  exact  resistance  of  rail 
Joints,  as  such  resistance  is  small  under  ordinary  circumstances,  and  all  the 
conditions  Tary  so  much  as  to  prevent  accurate  measurement  being  made. 
The  resistance  of  rail  joints  is  therefore  measured  in  terms  of  length  of  the 
rail  itself,  and  there  are  numerous  instruments  devised  for  the  purpose, 
nearly  all  being  based  upon  the  principle  of  the  wheatstone  bridge,  the 
resistance  of  the  rail  joint  being  balanced  against  a  section  of  the  rail,  as  in 
the  following  diagram. 


FlO.  157.  Diagram  of  Method  of  Testing  Ball  Joints. 


A  Weston  or  other  reliable  milll-Toltmeter,  with  the  sero  point  in  the  mid- 
dle of  thie  seale,  is  the  handiest  Inatmment  for  making  these  tests.  The 
points  b  and  c  are  fixed  usually  at  a  distance  of  12  inches  apart,  the  point  a 
Is  then  moved  along  the  rail  until  there  is  no  deflection  of  the  needle  when 
both  switches  are  closed.  The  resistance  of  the  joint  or  the  portion  between 
the  points  b  and  e  Is  to  that  of  the  length,  x,  inversely  as  the  length  of  the 
former  is  to  that  of  the  latter,  all  being  in  terms  of  the  length  of  rail,  or, 

Let 


then, 


X  =  distance  In  Inches  between  points  a  and  o, 

y  =:  distance  between  the  points  o  and  6, 

V  =  resistanoe  of  Joint  in  terms  of  length  of  rail, 


v  =  — t 
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and  if  x  =-M  inohe*  and  y  =  12  inchM, 

than 

86 
V  =  r^  =  8  times  its  length  in  rail. 

Another  scheme  for  testing  rail  joints  is  pointed  ont  by  W.  K.  Walmsley 
in  the  **  Electrical  Engineer?'  December  23, 1887. 

Lithe  following  cut,  the  instrument  is  a  specially  designed,  doable  milll- 
voltmeter,  both  pointen  having  the  same  axis,  and  indicating  on  the  same 
seale. 


DOUSLE 
mUVOLTMITEa 


VALMBLETS  R«IL  TESTER 


FIG.  Utt. 


The  Dolnts  ab  are  at  a  fixed  distance  d,  the  point  e  being  morable  along 
tile  ralL  Points  a  and  h  are  set  on  the  rail  astride  the  Joint,  as  shown  ;  th« 
point  c  is  then  moved  along  the  rail  until  the  pointers  on  the  instrument 
coincide,  indicating  the  same  drop.  Then  the  resistance  of  jp  is  the  same 
as  d,  in  terms  of  the  size  of  rail  used. 

Harold  P.  Brown  has  devised  an  instrument  for  testing  raQ  loints  with 
llttlepreparation.  It  consists  of  two  specially  shielded  mllli-voitmeterB  of 
the  Weston  Oompany's  make,  put  up  in  a  suMtantlal  wooden  ease,  the  top 
of  which  is  made  up  In  part  ox  two  folding  legs  which,  when  unfolded,  cover 
six  feet  of  rail.  These  legs  form  one  length,  which  Is  divided  by  slots  into 
two  lengths,  one  of  one  foot,  the  other  five  feet  long.  The  instrument  is 
placed  alongside  the  track  in  such  position  that  the  leg  rests  on  the  rail,  and 
the  Joint  to  DO  tested  is  between  the  ends  of  the  shorter  branch  or  leg,  while 
five  feet  of  clear  rail  are  included  between  the  ends  of  the  longer  leg. 

The  instrument  terminals  are  connected  to  small  horseshoe  magnets,  that 
fit  into  the  slots  In  each  leg,  and  when  rested  on  the  raU  always  make  the 
same  pressure  of  contact,  the  poles  being  amalgamated  and  coated  with  a 
special  soft  amalgam,  called  Ealson  Flexible  Solder. 

With  the  five  feet  of  rail  as  a  shunt,  the  instrument  will  read  to  1000  am- 
peres. 

There  are  several  separate  resistance  eoils  and  binding-posts  supplied  for 
dilf  erent  sixes  of  rail  in  common  use,  so  Uiat  the  dial  of  the  milU-voltmeter 
needs  but  one  scale. 

The  second  miUi-voltmeter  measures  the  drop  around  the  one  foot  of 
Joint,  and  has  coils  so  arranged  to  permit  of  reading  .16, 1.6, 16.  volts. 

A  reading  of  the  current  value  is  taken  from  the  five  feet  of  ndl,  and  a 
simultaneous  reading  of  the  drop  across  the  Joint  and  one  foot  of  rail  is  also 
made.    The  resistance  of  the  latter  is  then  round  by  ohm's  law, 
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Fto.169.  Brown's  Bail-bond  Testing  Instrument. 


Bam  test  for  ei&eienoy :  — 

Fnt  a  double-flange  pulley  on  the  car  axle  for  ^•application  of  a  prony 
brake,  pour  water  inside  the  pulley  to  keep  it  oooll  Use  common  platform 
scale,  as  shown  in  out. 


Via.  laa 

Then  let  2>  =  distance  from  oenter  of  axle  to  point  on  scales  in  feet, 
inred  borisontally. 

v  =  8.1416, 

B=z  rcTolutions  per  minute, 
B  =:  voltage  at  motor, 
/=  amperes  at  motor, 
T=  force  applied  to  balance  scales,  in  pounds. 

2»  DBT 


B.H.P.  atOOOTolts  = 

BI 


Tlwn  B.  H.  P.  = 


88,000 
600' 


33,000 


s^g  =  E.H.P.  supplied  to  motor. 


BOO  / 

746 


=  E.H.P.  supplied  to  motor  at  000  Tolts. 


_^  ,  .       ^  B.H.P.       B.H  J».  at  600  Tolte 

ailteianoy  of  motor  =  -^^^^  x  g^^^p^  ^^  ^  ^^^^' 


Sflcl«Hcx  Vest   ^«rith«vt  RemoTlar 
JIKmtmw  t^owKk  Car. 


Big  up  lerer  as  sliown  in  out,  being  sure  the  fulcrum  A  is  strong  enough 
to  stand  the  pull.  Posts,  as  shown,  make  good  fulcrum ;  have  turn  buckle 
F  for  taking  up  any  weakness. 
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Fig.  101. 


Let  D  =  diameter  of  car  wheel  in  feet. 

ir  =  3.1416, 

T=  force  on  scale  in  pounds, 
^  L  =  length  of  long  arm  of  lever, 
Lj  =  length  of  short  arm  of  lever, 
Jk  =:  revolutions  per  minute. 
Place  a  jack-screw  under  each  side  of  the  oar,  and  lift  the  body  until  there 
is  only  friction  enough  between  wheels  and  rail  to  keep  the  speed  of  rerolu- 
tlons  down  to  the  normal  rate. 
Then 


Draw-bar  pull  =  T 


and 


l; 


B.H.P.  = 


T-=-Dwn 


33,000 
and  the  efficiency  la  the  same  as  before, 

B.B[.P.         ^,  . 
j.jj^  =  efficiency. 


i.e. 


Mr.  A.  B.  Herrick  has  devised  a  testing-board  for  street-railway  repair 
shops  that  will  greatly  assist  in  making  all  inspection  tests,  and  which  Is 
described  in  the  "  Street  Railway  Journal "  for  January,  1898,  pages  11 
and  12. 


TeatfBT  Drop  In  lUUlwaj  Ctiwulto.  -7-  F&r  this  test     __   

be  made  of  any  oar  that  is  in  good  ordo*.  and  it  should  be  carried  oat 
after  the  last  car  is  in  the  bam,  and  the  track  is  clear.  Run  the  car  o^er 
the  line  starting  from  the  point  nearest  the  power  house,  making  the  test 
at  any  points  that  may  be  selected.  The  foUowing  out  No.  102  shoivs  the 
arrangement  of  instruments. 


!■!«  »r 


Fio.  102. 


S  ■-  drop  a  to  b  without  load,  and  in  clear  dry  weather  this  should  be 
same  as  at  the  switchboard.  In  wet  weather  or  with  poor  insu- 
lation the  drop  without  load  may  be  considerable. 
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Bi  "■  drop  a  to  b  taken  with  the  brakes  set  and  the  controller  on  the 
first  notch. 
/  >■  amperes  of  current  under  conditions  Et. 
B  "  Ef  €  "  drop  in  circuit  due  to  current  /. 

R  '^  J  ^  rssistanoe  of  entire  circuit  of  trolley  wire;  feeders,  and  rail 

returns. 
Rg  •»  resistance  of  feeders  and  trolley  wire  as  calculated  from  tbetf 
known  dimensions. 
A  —  £a  «  resistance  of  the  return  dreuiU 

FAVXTS   ▲]!]»   lUBMlSDUBS. 

Gar  'Vrm  mot  Maris 

a.  Torn  on  lamus ;  if  they  burn,  trolley  and  ground  wires  are  all  right 
and  current  is  on  line. 

6.  If  lights  die  down  when  controller  is  thrown  on.  trouble  may  be  poor 
contact  between  rails  and  wheels,  or  car  may  be  on  **  dead  "  track. 

e.  If  ear  works  all  right  with  one  controller,  fault  may  be  open  circuit,  or 
poor  contact  in  the  other.  Throw  current  off  at  canopy,  or  pull  down  the 
trollev  and  eacamine  the  controller. 

d.  See  that  both  motor  cut-outs  are  in  place. 

e.  Fuse  may  be  blown :  throw  canopy  switch  and  replace. 

/.  See  that  motor  brusnes  are  in  place  and  intact,  and  make  good  contact. 

a.  Car  maybe  standing  on  "dead"  or  dirty  rail;  In  either  case  connect 
wheels  to  next  rail  by  wire.  It  is  better  to  open  canopy  switch  while  con* 
necting  wire  to  wheels,  or  a  shock  may  be  felt. 

A.  Ice  on  trolley  wheel  or  wire  will  prevent  starting. 

Aparklsir  at  ComniBtator  Broalieat 

a.  Brashes  may  be  too  loose ;  tighten  pressure  spring. 

b.  Brushes  may  be  badly  burneaor  broken,  and  therefore  make  poor  con- 
tact on*  the  commutator.  Beplace  brushes  with  new  set,  and  sandpaper 
•ommntator  surface  smooth. 

e.  Brushes  may  be  welded  to  holder,  and  thus  not  work  freely  on  commu- 
tator siurf  ace. 

d.  Commutator  may  be  badly  worn  and  need  renewing. 

tf.  Commutator  may  have  a  flat  bar,  or  one  projecting  above  the  general 
surface ;  commutator  must  then  be  turned  true  in  lathe. 
*/.  Dirt  or  oil  on  commutator  may  produce  sparking ;  clean  well. 


Ylaaie  at  the  commutator  may  be  produced  bv :  — 

a.  Broken  lead  wire  or  coll,  producing  a  greenish  flame,  and  burning  two 
bars  usually  diametrically  opposite  each  other.  If  left  too  long  the  two 
bars  will  be  badly  burned,  as  will  also  the  insulation  between. 

Temporary  relief  can  be  had  by  putting  a  jumper  of  solder  or  of  small 
wire  across  the  burned  bar,  connecting  the  two  adjacent  bars  to  each  other ; 
one  Jumper  is  enough. 

b.  A  uiort-circuited  field  coil,  or  a  field  coil  Improperly  connected,  will 
produce  flare  at  commutator.  Short-circuited  coll  can  do  found  by  volt- 
meter teat  across  terminals  showing  drop  in  coil.  Wrong  connection  can  be 
detected  by  pocket  compass. 

lMican«l««c«nt  Iians|M  sometimes  bum  out  or  break.  Beplace  with 
new  ones.    If  they  do  not  bum  when  switch  is  on, 

a.  Examine  each  for  broken  filament. 

b.  Examine  for  poor  contact  in  socket. 

c.  Bxamlne  switch  for  poor  contact  or  broken  blades. 

d.  Examine  each  part  of  circuit,  switches,  line,  and  sockets  with  magneto, 
which  will  locate  opening.  The  wire  may  be  broken  at  ground  or  trolley 
connections. 


•  WmlKk  f  Operates 

In  great  emergency  only,  throw  controller  handle  to  off,  reverse  reversing- 
fwlt<mtand  turn  controller  handle  to  flrst  or  Becond  notcn. 


806 


BLECTTIUC  RAILWAYS. 


In  sliding  down  grades,  or  when  there  is  time,  proceed  ae  foUowa : 

a.  Throw  controller  handle  to  off  point. 

d.  Throw  canopy  switch  off. 

c.   Reverse  rerersing-swltch. 

d»  Throw  controller  handle  around  to  last  notch.  Both  methods  ait 
more  or  less  strain  on  the  motors,  but  the  second  is  somewhat  less  to  than 
the  first. 


C^roomdat  Either  on  field  or  armature  coils  will  nearly  always  blow 
f  us^ ;  it  can  then  be  tested  out. 

Buoklvvx  When  running  along  smoothly,  a  oar  will  sometimes  com- 
mence Jerky,  bucking  motions,  and  snould  be  thoroughly  examined  at  onoe. 
It  may  oe  due  to  a  ground  of  field  or  armature  that  may  short -circuit  one  or 
the  other,  either  fully  or  intermittently.  Injured  motor  may  usually  be 
located  by  smell  of  burning  shellac,  and  can  be  cut  out  at  the  oontroiler, 
and  the  car  run  in  with  the  good  motor. 

Mud  and  water  aplashlng  on  commutator  will  sometimes  produce  buokJng, 
and  often  a  i^ece  of  wire  caught  up  from  the  track  may  do  the  same. 

Mlac«llaaeowi  Ifoto. 

Experiments  show  that  four  arresters  per  mile  of  trolley  wire  are  plenty  fw 

Green  wooden  poles  should  not  be  painted  for  at  least  a  year  after  they 
are  set,  as  the  pamt  will  peal  off  and  not  give  good  results.  ^    ,      ,         ,,    ^ 

Loose  ornamental  joint  cape  frequently  used  on  iron  or  steel  poies  ooUect 
moisture  and  rust  out  the  pole. 


'VrirlMr  ]»l«rraiws  for  Ur^ttiV  Clroiiite  •■ 


(Mreet  Onn. 


Fio.  163. 


for  twoCSrouits    Fig 


Headlights,  Platform  Lights  and 
Sign  lights  Interchangeable. 


.  104.     Diagram  of    Wiring   to 
permit  use  of  32-p.  Headlight. 


SmUUUM 


s_5 


Fio.  166.    Diagram  of  Wiring  where    Fio.  166.    Sanaa  as  above  but  thna- 
Headlights  are  plaoed  on  Hoods.  point    Switch  located  on  TroOaiy 

End  of  Oar. 
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SIpiUiM 


ugMJr 


Q 


^ 


£ 


^■2-  ^?7\..  ??*'^_?^^  Wiring  for    Fio.  168.    Same   •»   above  ezeept 
greJight  Circuit  with  four-point  three-point  Switoh. 

Bwitoh  for  Headlii^ts  and  nat- 
fonnliichtB. 


»p9€iaa  Me«k«da  of  ]Ma«rlb«tl 

For  oaMt  requiring  excessively  large  currents  carried  a  considerable  di»- 
tanoe,  or  for  ordinary  currents  carried  exoessive  distances,  it  is  usually 
eeonomy  to  adopt  some  special  method ;  and  among  those  most  comnxmly 
mentioned  are :  the  three-wire  system,  the  booster  system,  the  substation 
system. 

Tlunae-'Wlre  Sjatem.  This  system,  patented  some  time  ago  by  the 
General  Electric  Company,  has  been  seldom  used,  and  where  used  has  met 
with  little  success,  owing  to  the  difficulty  met  in  keeping  the  system  bid- 
aneed. 

The  diagram  below  will  assist  in  making  the  method  plain.  Two  500-yolt 
generators  are  used,  as  in  the  lighting  system  of  the  same  type.  The  rail 
return  is  used  as  the  neutral  conductor;  and  if  both  trolley  wires  could  be 
made  to  earry  the  same  loads,  and  to  remain  balanced,  then  the  rail  return 


THREE  WIRE  SYSTEM 

Fio.lOO.  Three-Wire  System. 

trould  carry  no  ourrent,  and  no  trouble  would  occur  from  electrolysis.  The 
orerhead  conductors  could  also  be  very  much  smaller,  as  currents  would 
be  balTed,  and  the  full  roltage  would  be  practically  1000. 

A  balanced  thre»wir»  ejrstem  has  beoi  proposed  and  is  in  limited  use 
abroad  in  wliioh  the  oar  oarries  two  trolley  poles,  majring  eontaet  with  both 
trolley  wires.  The  motor  equipment  is  in  duplicate,  thus  each  set  of  motors 
is  fed  from  600  volts  making  the  ourrent  through  the  return  praotioally  aero, 
and  the  whole  equipment  forming  a  balanced  three-wire  system  in  itself. 
This  system  is  the  only  practical  three-wire  system  and  oflfers  some  advan- 
tages for  transmitting  large  amounts  of  power  over  considerable  distances. 

Xke  Mooatw  Sjatona.  —  Where  current  roust  be  conveyed  a  long 
distance,  say  Ave  to  ten  miles,  and  be  delivered  at  600  volts,  it  is  hardly 
good  economy  to  install  copper  enough  to  prevent  the  dro}^ ;  and  if  the  volt- 
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ue  of  the  generator  be  ralBed  safflciently  to  deliver  the  required  Toltage, 
the  Tariations  due  to  change  of  load  will  be  prohibitive. 

In  8uoh  oases  a  "  booster  '*  can  be  connected  in  series  with  the  feeder, 
and  automatically  keep  the  pressure  at  the  required  point,  as  long  as  the 
generator  delivers  the  normal  pressure. 

The  "booster"  is  nothing  more  than  a  series-wound  d  vnamo,  oonneeted 
so  that  air  the  current  of  the  feeder  to  which  it  is  attached  flows  through 
both  field  and  armature  colls,  and  the  voltage  produced  at  the  armature 
terminals  is  added  to  that  of  the  line,  and  as  the  voltage  so  produced  la  la 
proportion  to  the  current  flowing,  it  will  be  seen  that  the  pressure  will  rite 
and  fall  with  the  current.  This  is  now  used  in  many  instances,  both  in 
lighting  and  for  railway  feeders,  and  especially  in  feeding  storage  batteries, 
and  has  met  with  entire  success.  The  following  cut  is  a  diagram  of  the 
connections. 


SToraimzt 


MOTOR 
TO  DRIVE 
8TER 


OVERHEAD  JKTURN 

BOOSTER  8Y8TQi 
FlO.  170. 


r.  —  Malor  Oardew,  Electrical  Enclneer  for 

the  Board  of  Trade,  some  time  ago  devised  a  method  of  overcoming  exces- 
sive drop  in  track  return  circuits  oy  the  use  of  insulated  return  feeders,  in 
series  with  which  he  placed  a  booster. 

The  booster  draws  current  back  toward  the  station,  adding  its  E.M.F.  to 
that  in  the  feeder.  Oardew  used  a  motor  generator,  the  series  field  of 
which  was  separately  excited  bv  the  outeoins  feeder  for  the  same  section  of 
road.  Thus  the  volts  "  boostea  "  were  In  direct  proportion  to  the  current 
flowing.  H.  F.  Parshall,  in  adopting  the  return  feeder  booster  for  some  of 
his  work  in  England,  used  a  venerator  in  place  of  the  motor  generator  of 
Major  Gardew,  exciting  the  field  by  the  current  flowing  out  on  t|^e  trolley 
feeder,  thus  producing  volts  in  the  armature  in  proportion  to  the  current 
flowing.    The  following  diagram  shows  Parshall's  arrangement. 


TROLUn 


WIRK 


r 


(SEPMUTELY  CXCfTFD) 
loEKERXTM  ^ 

SAM  AT  STAXKM 


eENERATORS 

Fio.  171.     Modification  of  Major  Gardew*8  System  of  Track  Return 
Booster  for  Preventing  Excessive  Drop  in  Bail  Return  Circuits. 
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■lectrlc  Maflway  Sooster  CalcvlatloMs. 

{H.  S.  Ptanam.) 

The  followinc  method  of  calculating  the  size  and  characteriatios  of  electric 
railway  boostera,  and  the  gmphie  representation  of  the  results  will  be  found 
useful. 

A\  A^f  A*t  A\  etc.,  —  load  in  amperes  at  various  points  along  the  line. 
These  loads  should  be  taken  from  schedule,  and  should  ordinarily  represent 
an  average  m^-rimi^in  condition. 

R\  R*t  R*t  R\  etc.,  *-  feeder  resistance  (including  trolleys)  to  the  corre- 
sponding load  points. 

2  "■  drop  in  volts  to  the  point  at  which  it  is  proposed  to  feed  into  the 
system  with  the  booster. 

F  —  allowable  volts  drop  in  feeder  system  with  the  booster  in  drouit. 

/  ■■  amperes  in  booster. 

E  •>■  Tolts  boost. 

P  '^  J-  "  ratio  of  volts  boost  to  amperes  boosted. 

Rb  "-  redstanoe  of  booster  feeder. 
R  "  resistance  of  feeder  system  to  point  selected  for  the  booster  feed. 

Then  assuming  that  all  the  load  besrond  the  point  at  which  it  is  proposed 
that  the  booster  should  feed  into  the  system  is  concentrated  at  the  latter 
point, 

a  -  A>  iJ>  +  il»B»  +  A*R*,  etc.  —A* R. 

.  R    ' 

V 
fi6-j  +p. 

«  -  /  X  p. 

V 
P'Rb  ~  ^• 

These  equations  give  the  neoessarv  data  to  determine  the  required  sise 
and  ratio  of  the  booster  and  its  feeder.  In  case  it  is  desired  to  install  a- 
negative  booster,  the  same  method  is  followed. 

ui  ease  the  load  is  uniformly  distributed  over  the  line,  or  is  assumed  as 
distributed  in  that  manner,  the  voltage  drop  at  any  desired  point  on  the 
line  is  found  from  the  equation: 

-       (2  L  -  d  +  1)  d/Jg 
'-  2  • 

in  whieh  L  —  total  length  of  line  in  feet. 

d  ••  distance  to  point  selected. 

/  *•  amperes  per  foot. 

R  >-  reaistanoe  of  feeder  system  per  foot. 

If  desired  these  units  can  be  expressed  in  1000  feet  or  miles  or  any  other 
unit  of  dlstanoe. 
When  the  drop  to  the  end  of  the  line  is  desired,  this  equation  becomes: 
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ID!  sn^ihiiBU^.     BpMM 
-..-  - —  -^--  if4c,  ii.>  uiu  111,  lu  wuiub  tm  poMntuJ  dlapam 

..r  different  oonditioiu  uid  >oh«dulca.     In  tEe  prapantlon  trf 

Ih«M  dlunmi  it  will  tw  found  cunveoient  to  plot  tta«  Mhaduk  uid 
feeder  uidretunirailatsnoM  on  tbeuime  iheet.  In  Pis.  172  it  iaMailtikt  a 
necative  booeUr  is  oat  lequind  ttwufh  one  li  ineluded.  Fis.  173  ibinn  ■ 
■yitemiawhloha  boaster  uuMd  ktnthercad.  Fig.  17tilliutrBteaadilhnDt 
tad  mora  aevere  openting  sondition  thui  ehown  in  Fig.  173. 


KdTin'iLawottD  be  killed  to  the  bootterdiitribaHonu  well  m  la  otker 

metnods  of  diitributJan.  In  moat  ages,  however,  it  will  be  tound  tlut  the 
vollege  rwuirBmenta  will  eovmi.  The  qual^on  u  to  wbolhw  n  booeter, 
more  feeder  copper  or  «  lub-fltation  thtl]  ba  employed,  it  one  vriiieh  must 
ba  delerrained  from  the  ennunl  ebkriM  BgainiE  the  invntment  and  the  COM 
of  (he  power  loet  in  each  method,  la  ealoulaling  the  cuit  of  the  powtr  loet. 
the  load  factor  miut  b«  considered. 

In  eelecCiriK  a  booeter  care  muat  be  eieroeed  that  ita  overioad  capaeit* 
(hall  be  luScieDt  to  take  care  of  the  maximum  operatins  oondition  which 
oocaaionaUy  ariaee  jn  any  eyatem  where  boogtera  an  likely  to  be  emf^yed, 
namely,  when  all  the  cam  aie  accelerating  at  once.  Aa  auoh  oeeaaiona  mar 
be  rare,  it  li  only  neeenary  that  the  voltan  ghall  be  nuiDt«iD«d  above  Um 

employed,  that  the  booeter  motor  dull  carry  nioh  ov»load,  and  that  (Im 
maidiiate  ihall  praperly  oommutate  at  the  overload  oumnt. 

By  varying  the  value  ol  "  p  "  the  ratio  ol  the  volte  of  booet  to  the  ampane 
booated.  the  liae  of  the  booeter  feeder  and  the  amount  of  power  kat  bt  tb* 
booeter  lyitem  la  chanaed.  By  Kelvin'eLawtheanDualcbatgeaon  tbeboiN- 
l^r  feeder  and  booatar  ahouM  equal  ^e  annual  coat  of  the  power  loet  in  tb* 
booater  lyitMD. 
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ELECTRIC    BAILWAYB. 


EhECimC   RAILWAY   BOOSTER  CALCUla.TI0N5. 


V  far  Hallwar 


.J  th*  TOlta(*  (disncleriitio  of  &  nriea  b 

iralt  nilmr  Mrvio*  n  an  important  fuU>r  in  ita  d«ic 
datanniiM  tha  amount  ol  auit«risl  nquired  and  thanfora 
■etual  rolUca  oharaolariatle  of ■"  — -—  >- 


,  iTU£at~p«Ttlariaad  will  ba  abova  tha'thton^okl  lios  ai 

abown  in  tba  Mwompanyinc  dianam.  The  amoual  of  varUlioa  from  the 
■tnicht  line  ia  prinoipally  aOHlciil  by  ibe  sBtuntioii  of  the  macnetic  circuit : 
It  (be  aaturation  ia  blah,  tbe  vanation  of  the  voltage  chaiacteriitie  will  be 
trwit.  By  inoraaaing  tbe  iniount  of  iron  in  the  mBgnotio  frame  and  there- 
lore  kaepinf  tbe  taturatian  low.  the  valtaie  Dhaiacteriatica  can  be  made 
to  Dion  neariy  approximate  ■  iiraight  hne:  but.  obvioualj.  a  machine  » 
daeicned  b  mo™  coetly  than  a  booster  havioa  a  voltage  charactaiiatio 
departmi  fuitber  from  a  atraicbl  line.  Th»e  lact«  nre  particularly  Im- 
portant in  oaeca  vbenhiBb  voltagebooaterv  are  used,  aa  may  be  seen  from  the 

Id  tbe  aooompiuivlni  diagram  of  a  ZOO-kilowatt.  400-volt  booater,  the 
poteolial  at  batnoad  la  240  volta.  that  ia.  40  volts,  or  10  p«t  oent  of  tba  full 


Fm.  ITS.     CharaatarutlBB  cf  a  SOO-Kw.  400-Tolt  Boast«r. 


ba  130  ^ 


o  hicb.  or. 


1  ses  voiti,  1 


S75  votta.    Thiai  high  voltage  mi^t  t 
ineraaia  the  epead  and  aubiect  the  motors  h>  a 

While  a  etmigbt  tine  characteriatie  Is  not  ( 
atraJi^t  tine  muat  be  kept  within  neeonable 

Uolae  otberwlae  ipeoiSed.   the  voltage  ol 
:„  1 .-„  ^  different  potentiata  at—'-'  - 


It  loHl  ai 


Fun  lioad  Voltagaa  of  Booiters. 


ol  Full  Load  Voltags 


aSO  to  N»  volt* 
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volts  and  a 


.  —  After  a  run  ci 


twenty-four  houn  at  full  rat«d 
amperes,  the  temperature  of  no  part  of  the  machine  should  be 
more  th%"  40^  C.  above  the  temperature  of  the  surrounding  air,  provided 
the  conditions  of  ventilation  are  normal  and  the  temperature  of  the  sur- 
rounding air  does  not  exceed  26°  C.  If  the  temperature  of  the  surroundinc 
air  differs  from  SS**  C.,  the  observed  rise  in  temperature  is  to  be  corrected  by 
one-half  per  cent  for  each  degree  centigrade  that  the  temperature  of  the 
surrotmdmg  air  differs  from  25**  C. 

The  booster  should  be  capable  of  standing  an  overload  of  25  per  cent  of 
the  full  load  ampere  and  volt  capacity  of  the  machine  for  one-half  hour: 
and  as  this  corresponds  to  the  26  per  cent  voltage  overload,  the  overload 
capacity  in  kilowatts  will  be  about  60  per  cent.  The  boosters  should  be 
dapable  of  standing  a  momentary  overload  of  60  per  cent  of  the  rated  capacity 
in  amperes  at  fuUload  or  about  100  per  cent  in  kilowatt  rating. 


•UIB-STAXIOlf  SYSTBH. 


Where  traffic  is  especially  heavy,  and  a  railwav  system  widespread,  it  is 
now  the  practice  to  use  one  large  and  economical  power  station  with  niich- 
pressure  generators,  now  invariably  polyphase  alternators,  and  to  distribute 
this  hidh-pressure  aitemating  current  to  small  sub-stations  centrally  located 
for  feeding  their  districtst  and  there  changing  the  current  by  means  of  static 
transformers  and  rotanr  converters  into  continuous  current  of  the  requisite 
pressure,  in  the  case  of  railways  660  to  600  volts. 

The  following  diagrams  will  aasiBt  in  making  the  system  plain. 


sut-eTATion 

NO.  f 


tUBSTATlOl 
NO.  1 


ROTARY 
eONVERTER 


DI8TRIBUTION  FROM 
8UB-eTATI0N8 


Fio.  176. 


The  universal  use  of  rotary  converters  has  led  to  many  similar  designs  of 
sub-stations.  It  is  customary  to  install  the  rotaries  in  buildings  designed  for 
the  purpose  and  Figs.  178  and  179  show  a  typical  station  in  plan  ana  deva- 
tion.  As  each  sub-station  is  in  reality  a  complete  supply  station,  it  iinece»- 
sary  to  install  suitable  protective  devices  for  both  high-tension  alternating 


BUB-8TATIOK   SYSTEM. 


ELECTBIC   &AILWAY8. 


nntuid  eOO  volu  dinotHHimnt  oinniiCa. 
.wn  in  Fte.  ISO. 

A  Fie  181  i<  ibowD  ■  omn  ■aation  of  one  of  tlu  Uiat  typ«  (1007;  u 
'•lopad  for  tba  UnlMd  Rulmyi  uid  £l«lnc  Compuiy  of  Bkltimon, 
Ur,  L.  B.  StUlmll.     Thia  (Ution  hu  ui  uniuiully  \tift  miiMitv  for 


M  tUMy  b*  dtKfPBd  to  UJie  tba  BTtncB  load  only. 


SUB-STATION    SYSTEM. 


Fta.  170.     Botary  Converter  Sub-SUtioo. 


rLE:CTBlC   BAILWAY8. 


=^=^::^..-^g^l^.j 


Fra.  180.    DIacmn  of  CoDOMlioiu  tor  Propoaed  Rotary  Ctmnrtar 


SDB-eTATION  aYBTSlL 


Fn.  181.    Cr«  h 


n  c<  typinl  Urfs  au1>4t*Uon  (1907)  13,000-kiIonH 


MTtain  liiMa  tor  >  portioo  of  th<  yM>r  only,  Ihiu  nuLkini 
■^MOid  a  Urt"  ■um  in  >  panunanl  nit>«tatioB.  For  i 
bl*  nb-alatlon  hiu  b««n  dtalKncd.  aonsiatiiiE  of  h  boi 
down  tmufORiMn,  rotuy  ooavertn  uid  lill  neceaur 
Bndi  k  lub-atatioii  on  b*  mn  nut  on  uiy  Uns  having  ■ 
mniMotad  op,  wul  r  '  '  ' 


>  hiBTT  traffic  on 
t  hvdlj  feasibl*  to 
.1. ,_  ^g  port«- 


1  put  li 
>ai«tloo 


Aplla 


A  portable  inb-atation  baving  u  biicb  u 


:«'■'" 


■.  ( ■. 


'■',  X ' 
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(By  F.  R.  SlaUr,) 

For  oertain  elnmww  of  electric  railways,  such  aa  elevated,  interurban  and 
imdosiouiid,  a  ateel  conductor  insulated  from  and  alongiide  the  track, 
wwnmonly  caUed  tha  third  rail,  is  much  used  in  place  <^  the  oofyper  ovar- 
hfcad  troUay  wire. 

Thia  eonduetor  is  easily  installed,  cheaply  maintained,  presents  a  laisa 
•miiaoe  area  for  oonductinfE  and  collecting  the  current,  and  is,  therefore, 
partifoularly  suitable  for  high  speed  and  neary  service.  With  coats  cal- 
euJated  on 
third  raU 
of 


( 


paraouiariy  smutoie  lor  mgn  speea  ana  neavy  service,     wiin  coais  cai-  a 

eulated  on  the  basii  of  equal  conductivity  in  rail  and  trolley  wire,  the  J 

third  rail  is  the  chei4>er.  except  wha«  the  necessary  trolley  wire  would  be  m 

of  coosidemble  less  conductivity  than  would  be  obtained  with  the  smallest  m 

Mae  of  steel  rail  that  would  ordinarily  be  used.     Even  in  such  cases  tiie  ^ 


lower  coat  of  maintenance,  together  with  the  advantage  of  adaptability 
(particularly  in  the  case  of  termlnalB,  yards  and  very  heavy  high  speed 
service),  wul  frequently  offset  the  higher  first  cost  ot  the  third  rail  and 
make  it  the  preferable  means  of  conducting  the  current  from  the  power 
atataon  to  the  oar  motor. 

With  the  coming  of  the  heavy  high-speed  service  of  the  past  few  years. 
the  resistance  of  standard  "1"^  raib  has  been  found  to  be  so  high,  that 
raila  of  higher  specific  conductivity  were  sought,  and  specifications  have 
been  drawn,  usually  based  on  the  fact  that  the  conductivity  of  a  metal  is 
generally  directly  proportionate  to  its  purity. 

JfteaUtoMce    •f  Kaila    wltli   ITmryimtp    CoaspoaitiOM.  —  ICr. 

J.  A.  CSapp.  of  Schenectady,  conducted  a  series  of  tests  of  steel  for 
•leetrio  conductivity.  He  says  in  i>art:  "In  most  cases  the  purity  of  the 
iron  specified  for  such  rails  has  been  so  high,  that  not  only  was  it  difficult 
to  obtain,  but  the  iron  was  also  corresponaingly  high  in  price.     One  of  the 

factors  governing  the  choice  between  a  third  rail  and  a  trolley  wire  is  the 

p^  relative  price  of  steel  and  copper,  allowance  being  made  for  the  difference 
in  conductivity.  Hence  a  balance  must  be  struck  between  high  conduc- 
tivity (which  IS  equivalent  to  sayinjg  a  hi^h  degree  of  purity  or  freedom 
frook  the  usual  metalloids  associated  with  iron)  and  the  cost  of  producing 
tho  ateel  of  the  composition  necessary  for  the  conductivity  reqidred. 


I 


"Table  XVII  below  states  the  electrical  resistance  and  the  chemical  com- 
position of  47  samples  of  steel,  and  Table  XYIII  aimihtf  data  on  7  samples 
of  wrought  or  refined  iron: 
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(By  F.  R.  SlaUr,) 

For  certain  olaaMs  of  eleotrio  railwaya.  such  am  elevated,  interurban  and 
undflcground,  a  ateel  conductor  insulated  from  and  alonsaide  the  traek, 
oommonly  called  the  third  ndl,  ia  much  uaed  in  place  of  the  copper  orer- 
head  trouey  wire. 

This  conductor  ia  eaaily  installed,  cheaply  maintained,  preeents  a  laise 
surface  area  for  conductinfr  and  colleotins  the  current,  and  is,  therefore, 
particularly  suitable  for  high  speed  and  neary  service.  With  costs  cal- 
culated on  the  baais  of  equal  conductivity  in  rail  and  trolley  wire,  the 
third  rail  is  the  cheaper,  except  where  the  necessary  trollesr  idre  would  be 
of  ooniiderable  less  conductivity  than  would  be  obtained  with  the  smallest 
rise  (^  steel  rail  that  would  ordinarily  be  used.  Even  in  such  cases  tiie 
lower  cost  (^  maintenance,  together  with  the  advantage  of  ad^tabifity 
(particulariy  in  the  case  of  terminals,  yards  and  very  heavy  high  speed 
service),  wul  frequently  offset  the  higher  first  cost  ot  the  third  raU  and 
make  it  the  praerable  means  of  conducting  the  current  from  the  power 
station  to  the  oar  motor. 

With  the  coming  of  the  heavy  high-speed  service  of  the  past  few  years, 
the  resistance  of  standard  **T**^  niu  has  been  found  to  be  so  high,  that 
nils  of  higher  q;>ecific  conductivity  wore  sought,  and  specifications  have 
been  drawn,  usually  based  on  the  fact  that  the  conductivity  of  a  metal  is 
generally  directly  proportionate  to  its  purity. 

Resistwsce    •f  Kails    wltli   ^aiTliir    Compositioa* —  Mr. 

J.  A.  Gapp.  of  Schenectady,  conducted  a  series  of  tests  of  steel  for 
electric  conductivity.  He  says  in  part:  **In  most  cases  the  purity  of  the 
iron  specified  for  such  rails  has  beoi  so  high,  that  not  only  was  it  difficult 
to  obtain,  but  the  iron  was  also  correspondingly  high  in  price.  One  of  the 
factors  goveraing  the  choice  between  a  third  rail  and  a  trolley  wire  is  the 
relative  price  of  steel  and  copper.  aUowanoe  being  made  for  the  difference 
in  conductivity.  Hence  a  balanoe  must  be  struck  betweoi  high  conduc- 
tivity (vriiich  IS  equivalent  to  saying  a  high  degree  of  purity  or  freedom 
from  the  usual  metalloids  associateawith  iron)  and  the  cost  of  producing 
the  steel  of  the  composition  necessary  for  the  conductivity  required. 

"TkU>le  XVII  below  states  the  electrical  resistance  and  the  chemical  com- 
position of  47  samples  of  steel,  and  Table  XVIII  rimilar  data  on  7  samples 
of  wrought  or  refined  iron: 
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*'A  atwly  of  the  tables  ehows  that  manganeee  prepomderatee  in  inflo- 
endng  the  renstanoe  of  steela  and  that  for  lowest  resistivity  this  element 
must  oe  present  in  rery  smaUguantity,  much  smaiier  than  is  usual  in  mer- 
chant or  structural  steels.  While  all  the  other  elements  must  be  present 
only  in  very  small  peroentsces,  so  great  is  the  preponderance  of  the  in- 
fluence of  manganese  that  they  may  be  tolerated  in  quantities  which  the 


i 


ley  may 
steel  makers  would  consider  reasonable,  without  unduly  increasing  the 


•> 


R«alateB««  ef  Stoel.    "TaiiaMon  witM  Ma 

(Cabbon  vbom  0.17  TO  0.23  Pbb  Gent.) 


Sample 
Number. 

Manganese. 

Resistance. 
Gopper  —  1. 

Garbon. 

P  +  8  +  Si. 

Per  Gent. 

Per  Gent. 

Per  Gent. 

2 

1.09 

12.12 

0.17 

0.144 

4 

0.95 

11.55 

0.20 

0.23 

7 

1.08 

11.51 

0.22 

0.210 

13 

0.80 

9.94 

0.23 

0.065 

16 

0.89 

9.48 

0.23 

0.073 

19 

0.68 

9.36 

0.22 

0.197 

26 

0.48 

8.36 

0.188 

0.17 

26 

0.56 

8.22 

0.22 

0.058 

27 

0.57 

8.16 

0.192 

0.058 

81 

0.48 

7.95 

0.23 

0.057 

35 

0.49 

•      7.73 

0.23 

0.028 

86 

0.37 

7.71 

0.19 

0.15 

43 

0.21 

7.38 

0.19 

0.099 

44 

0.22 

7.28 

0.215 

0.164 

( 


flMS«  of  Stoel.   VartaMoB  with  M 

(Gabbom  fbom  0.27  to  0.33  Pbb  Gbnt.) 


Sample 
Number. 

Manganese. 

Resistance. 
Gopper  —  1. 

Garbon. 

P  +  8  +  Si. 

Per  Gent. 

Per  Gent. 

Per  Gent. 

1 

IJ27 

13.20 

0.33 

0.190 

14 

0.95 

9.86 

0.30 

0.083 

15 

0.99 

9.86 

0.29 

0.104 

18 

0.65 

9.42 

0.28 

0.193 

21 

0.49 

8.90 

0.33 

0.138 

22 

0.45 

8.46 

0.31 

0.166 

87 

0.41 

7.70    . 

0.27 

0.035 

88 

0.28 

7.66 

0.28 

0.111 

40 

0.42 

7.60 

0.28 

0.070 
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(Mangaztbsb  fhok  0.15  to  0.28  Pbb  Cent.) 


Suuple 
Number. 

Carbon. 

Reostanoe. 
Copper  •-  1. 

P  +S  +8L 

• 

Percent. 

Percent. 

Percent. 

3 

1.40 

12.09 

0.222 

0.112 

9 

1.61 

10.76 

0.147 

0.125 

33 

0.10 

7.92 

0.25 

0.11 

38 

0.28 

7.66 

0.28 

0.111 

43 

0.19 

7.38 

0.21 

0.099 

44 

0.216 

7.28 

0.22 

o.ie4 

45 

0.05 

6.40 

0.19 

0.143 

To  determine  the  Influence  of  carbon  in  the  above  table,  those  steels 
have  been  selected  which  have  manganese  constant  at  from  0.15  to  0.30 
per  cent,  with  carbon  as  the  principal  variable. 

naetotwsce  of  Steel.    Variation  wlili  €!»i<Imb. 

(Manoakbse  from  0.4  to  0.49  Pbr  Cknt.) 


Sample 
Number. 

Carbon. 

Resistance. 
Copper  —  1 , 

P  +  8  +  81. 

Percent. 

Per  Cent. 

Per  Cent. 

21 

0.33 

8.90 

0.49 

0.138 

22 

0.31 

8.46 

0.45 

0.166 

28 

0.25 

8.42 

0.41 

0.17 

24 

0.144 

8.42         i 

0.46 

0.17 

25 

0.188 

8.36 

0.48 

0.17 

28 

0.16 

8.06 

0.48 

0.144 

80 

0.14 

8.02 

0.41 

0.160 

31 

0.23 

7.95 

0.48 

0.057 

35 

0.23 

7.73 

0.49 

0.028 

37 

0.27 

7.70 

0.41 

0.035 

39 

0.07 

7.66 

0.40 

ai63 

40 

0.28 

7.60 

0.42 

0.070 

42 

0.16 

7.40 

0.45 

0.044 

lesietanoe  of  Steel.     InllMieBce  of  C»rtM»i 

(Rkbttltb  or  M.  Lb  Chatblibb.) 


Resistance. 

Composition. 

Copper  —  1. 

C. 

Mn. 

8i. 

Percent. 

Percent. 

Percent. 

10 

5.78 

0.06 

0.13 

0.05 

12.6 

7.22 

0.20 

0.15 

0.08 

14 

8.10 

0.49 

0.24 

0.06 

16 

9.25 

0.84 

0.24 

0.13 

18 

10.40 

1.21 

0.21 

0.11 

18.4 

10.64 

•1.40 

0.14 

0.09 

19 

11.00 

1.61 

0.13 

0.08 

RCSIBTANCB   OF   STBBL. 


w 

0^ 

UMA 

.4 

Ties 

0.14 

■aisTAivca  or  •xvwu 

CoHpiLU)  BY  H.  N.  Latbt. 
C.  Qbbatiii  than  .50%. 


c. 

Mn. 

8i. 

'■■ 

B. 

R. 
CU.-1 

Authority. 

Renurlu. 

~ 

.S03 

.201 

Ml 

.0» 

1  .30 

PwrtuU) 

TR^ 

.608 

.204 

.053 

.061 

1    40 

.214 

.o«a 

.065 

GO 

leao 

.220 

90 

.S80 

.200 

:043 

:03B 

1 

40 

a.  E.  Co. 

.780 

.100 

50 

Buntt 

fiju. 

.830 

8.87 

.840 

!l80 

J40 

.240 

:i30 

25 

.850 

.320 

.170 

55 

Burmt 

Bu. 

.900 

.200 

aE.Co. 

.580 

AM 

I 

Buvtt 

Bu. 

liOW 

.320 

.170 

1 

10 

1.210 

Ch»lelier 

1.230 

.140 

a20 

Buntt 

Bar. 

1.2B0 

.620 

.460 

;  '.  '. 

1 

70 

1.400 

.140 

jm 

64 

Clinl..|k-. 

1.400 

.222 

c.  1   V 

.130 

liaio 

.147 

MS 

■.018 

1 

76 

g."k"cu'. 

.780 

3.810 

26 

70 

BunU 

Bk. 

JWO 

7.000 

3 

.230 

13.000 

10 

.BOO 

IBJS 

.540 

i&eo 

.e«o 

:b3o 

3  JO 

" 

" 
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In>nlH.r.Hme<il«d. 

Iron  bu,   Dot  u- 

nenliid. 

I»nbv. 

G.  E.  Co. 

B«T.tt.  0.E 

BuTSlt 



T  lUil.  U.  R.  Co.. 

London. 

G.  E.  Co. 

Bv.  Swediih  im. 

CbiWliBT 

G.  E.  Co. 

SUybolt  inm. 

Wu«,  3  U.H.  diuL 

0.  E.  Co. 

Wire,3U.U.dwiix. 

G.  E.  Co. 

mn,3IL_H.diim. 

Burett 

Bu. 

a.  E.  Co. 

TRailAE.4C.Ry. 

h^m. 

" 

TR«i^A^AC.Rv. 
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C.  Lbsb  Than  .50%. 


c. 

Mn. 

SL 

P. 

S, 

R. 
CU.-1 

Authority. 

• 

.260 

.830 

.004 

.053 

.010 

9.44 

G.  E.  Co. 

.270 

.410 

.001 

,024 

.010 

7.70 

•• 

.280 

.280 

.040 

.027 

.034 

7.66 

M 

.280 

.420 

.008 

.022 

.040 

7.60 

M 

.280 

.650 

.050 

.083 

.060 

9.42 

<• 

.290 

.990 

.010 

.084 

.010 

9.86 

M 

,300 

.950 

.010 

.063 

.010 

9.86 

M 

,310 

.450 

.026 

.100 

.040 

8.46 

M 

.330 

.490 

.020 

.068 

.050 

8.90 

•• 

Ji60 

.800 

.047 

.100 

.040 

11.51 

•• 

,360 

.870 

.040 

.080 

.090 

10.04 

N 

TRaiL 

,370 

.730 

.060 

.090 

.040 

9.94 

•t 

I* 

,378 

.550 

.181 

.040 

.041 

10.80 

PanhaU 

M 

.410 

.720 

.110 

.039 

.041 

10.56 

G.  E.  Co. 

.430 

,770 

.066 

.100 

.040 

11.51 

(• 

.446 

,568 

.188 

.046 

.044 

11.10 

Parahall 

TRaiL 

,490 

.240 

.050 

•       •       • 

•       •       • 

8.10 

Chatetier 

.080 

3.500 

.130 

•       •       • 

•       < 

ft        m 

17.28 

Barrett 

Bar. 

.150 

5.400 

,130 

•       •       • 

•       1 

■        • 

19.65 

(• 

M 

.150 

15.400 

.130 

•       •       • 

•       « 

• 

37.80 

<t 

M 

.160 

10.100 

.630 

•       •       • 

.    . 

■ 

37.10 

•• 

t< 

.170 

1.090 

.004 

.090 

.050 

12.12 

G.  E.  Co. 

TRaiL 

.220 

1.080 

.060 

.100 

.050 

11.51 

•* 

•• 

.240 

1.000 

.130 

•       •       • 

•       •       • 

13.70 

Barrett 

Bar. 

.260 

13.000 

.130 

•       •       • 

•       •       • 

35.80 

•t 

tt 

,320 

5.15 

.130 

•       •       • 

■       •       • 

21.75 

M 

t« 

.330 

1.27 

.050 

.09 

.05 

13.20 

G.  E.  Co. 

TRaiL 

.360 

4.00 

.130 

•       •       • 

•       •       ■ 

16.70 

Barrett 

Bar.. 

,360 

4.75 

.130 

■       •       • 

•       •       • 

17.10 

•t 

ti 

.410 

2.25 

• 

.130 

•       •       ■ 

•       • 

• 

17.00 

t* 

i 


For  a  aatiafaotory  third  rail,  the  lowest  possible  resistance  (from  6  to 
6.5  times  that  of  copper?)  is  not  necessary;  and  the  great  cost  of  maldxig 
aach  extremely  pure  steel  is  not  warranted.  Assuming,  then,  that  a  rail  made 
from  steel  having  a  resLstanoe  not  greater  than  eight  times  that  of  copper 
(13.8  microhms  at  20°  C.)  would  be  denrable.  the  figures  tabulated  seem 
to  indicate  that  the  foUowmg  extreme  composition  wovJd  be  permissible: 

PER   CENT. 

Carbon  up  to 0.2 

Manganese  up  to 0.4 

Phon>horu8  up  to 0.06 

Sulphur  up  to 0.06 

Silicon  up  to 0.05 

This  composition,  however,  would  be  extreme,  and  any  overstepping 
af  bounds  might  result  in  too  great  resistanoe;  therefore,  for  resistanoe 
op  to  eight  times  that  of  copper,  the  specified  analysis  riiould  be: 

PBR   CBIfT. 

Garbon  not  to  exceed       0.15 

Manganese  not  to  exceed 0.30 

Fbosphorus  not  to  exceed 0.06 

Sulphur  not  to  exceed      0.06 

not  to  exceed 0.06 
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Thi(  btMr  eomporitioi 

he«rtb  funwea   »nd  it  ■ ^  — 

,„„ ■mtktls  fc 


which  oould  be  ouda  ikdly  in  tat  «tM»- 
roant  Do  difficulty  In  Riliids  to  >  *&■(■• 

_  eonuMNJlic 

■hs«M  a*  IhiD  u  aOl  t 


Fio    1S3     Oon   Saotlon 

dL    ■    Now  Conduetor  ™.7l,~:,^" 


In  tMt,  ailABl  ot  ^ia  eonuMNJIkin  ^i 
FuIlyroUedinlor  ^^'         

](  k  ooDduotor-n 
pyu    n.  d.  PotMr.  Chief  1 

w»¥  Deputmsnt  of  tlu  Q . 

whioti  when  3.S  in.  wide  by  1  in.  hi^  will  wai^ 
4bout  98  lb.  to  (he  yard,  Thii  ■!■»«.  wiiiA  » 
■bown  ID  Vhi.  ISO.  may  b*  easily  rolled  in  any 
n  heavy  enough  to  attonpt  mp- 
iht.     A  dovetail  at  the  bottom 

sss 

(taeratad) 
pun  ha 


of  bond  may  a 

—  Manhattan  Railway  CoTonaoy  (taeratad) 
IntArborouch  Rimid  Tranat  Company 
').  of  New  YoTkCity,  both  .ptinhMed 


Kinneflinei 
.      Eaoh  n 


„^„„. 

AmJyii*. 

Analyrt.- 

Weicht  of  rail  .    .    . 
Areaoteroaaaeotlon 

HUCOD 

OOlba. 

"i" 

.03 

1 

.032 

8.98 
1,380,000 

,  ^»  "-1 
.SO-.70 

8.37 
t,12S.0OO 

IWie 

23=0. 

11.08% 

8.50 
1,100,000 

fflSSlciri^ 

8.31 
1. 500,000 

IdcattoK  •TTUninall.-T^ThehKiatiDn.ot  the  thbtl  rail  wjthnfv 

•ylvania.  li^Isullid,  New  York 

pSHuie  of  any  of  their  , _.__. .. —   _ . 

location  ii  ai  followi:  "The  third  or  conductor  rail  ahall  be  located  oi 

of  and  paralldl  to  the  truck  niiU  ao  that  Ita  center  line  ihall  be  27  inohee 
from  toe  track  sauce  line  and  ila  upper  face  3|  inchea  above  tha  tc^  of 
the  track  r^L" 


iterborouch  Kapid  T^nnat 
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Rklatiyb  Location  or  Third  Rail 

OIV  DVFERSNT  RaILWAT  StBTBMS. 


General  Eleoirio  Railroad,  Schenectady 
Met.  West  Side  Elevated,  Ghicaso  .    .    .    . 

Lake  Street  Elevated,  Chioago 

South  Side  Elevated,  Chicaso 

Northwestern  Elevated,  Chicago 

Brooklyn  Elevated,  Brooklyn 

Manhattan  Elevated.  New  York     .... 

Albany  dc  Hudeon,  New  York 

Boston  Elevated,  Boston 

Aurora,  Elsin  dc  Chicago,  III 

Columbus,  Buckeye  Lake  A  Newark,  Ohio 
Columbus.  London  A  Springfield.  Ohio  .    . 

B.  dc  O.  R.R.,  Baltimore      

N.Y..  N.H.  dc  H.  R.R..  Connecticut  .    .    . 
Central  London,  England 


From  Top  of 

Third  Rail 

to  Top  of 

TrackRaU. 


From  Track 
Gauge  line 
to  Center  of 
Third  Rail. 


< 


( 


'EBLMJBm  mULWJL  UrSlTI^ATOIUl. 

Tht  requirements  for  a  third  rail  insulator  are: 

(a)  That  it  shall  have  sufficient  strength  to  carry  the  weight  of  the 
rail  and  not  crush  under  the  vibration  of  passing  trains. 

(6)  That  its  insulating  body  shall  be  made  of  a  thoroughly  vitreous 
material,  practically  impervious  to  heat  and  moisture,  and  naving  its 
ezpoeed  surface  well  glased. 

^e)  That  its  resistance  shall,  when  wet  over  its  entire  surface,  be  1  megohm 
at  least. 

(d)    That  it  have  a  drip  edge  between  the  rail  and  uound. 

(«)  That  the  portion  upon  which  the  rail  rests  shaD  allow  free  move- 
ment of  the  rail,  laterally  and  k>mptudinally  to  allow  for  expanrion  and 
contraction,  ana  vertically  to  allow  for  depre8Bk>n  of  ties  during  the  passage 
of  trains. 

CO    That  it  must  be  capable  of  easy  and  quick  renewal. 

Those  here  illustrated  show  the  two  general  types  which  have  been  most 
widely  used  (Fig.  184  and  Fig.  185).  Fig.  184  conaisU  of  a  metal  base 
surrounded  by  an  insulating  body  of  vitreous  material  to  which  are  clamped 
the  clips  which  hold  the  rail.  Fig.  185  is  practically  the  same,  except 
Uutt  in  place  of  the  clips  clamping  the  insulating  body  there  is  a  metal 
cap  setting  over  it,  having  ears  which  may  or  may  not  be  bent  over  the  rail. 


Fia.  184. 


FiQ.  185. 


These  insulators  are  usually  placed  10  feet  apart,  except  on  sharp  curves. 
whes<e  they  are  generally  placed  on  5-foot  centers  in  order  to  keep  the  rail 
up  to  gauge,  to  allow  for  the  expansion  and  contraction.  The  rail  Is  usually 
anchored  at  the  two  center  insulatora,  any  movement  being  taken  up  at 
the  joints  where  a  sufficient  distance  has   been   left   between   rails   for 
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the  purpose.  This  is  either  done  (1)  by  makinic  the  portion  of  the  inia- 
lator  upon  which  the  rail  rests  in  suoh  way  that  it  may  be  bolted  to  the 
web  of  the  rail^  or  (2)  by  makinf^  the  portion  of  the  insulator  upon  which 
the  rail  rests  with  a  lug  that  fits  mto  a  slot  punched  in  the  bottom  flange 
of  the  raiL 

Where  the  shoe  or  current  collector  leaves  the  third  rail  at  the  ends 
on  straight  track  and  at  the  side  at  switches  and  crossovers,  suitable  in- 
clines must  be  provided,  because  the  shoes  normally  hang  lower  than  tha 
top  of  the  third  rail.     (See  Fig.  186.) 


Fra.  186. 

TUlrd  Rail  •!!•«.  —  These  shoes  are  of  practically  but  two  types 
▼is»  the  link  shoe  and  the  sUpper  shoe. 

Tlie  link  shoe  is  diown  in  Fig.  187,  and  is  attached  to  the  ooil  q;>ting  seat 
of  the  truck,  and  the  shoe  proper  is  suspended  by  two  links  from  the  yoke 


Fio.  187.    Link  Shoe,  used  on  Bfanhattan  Elevated  Railway. 

which  is  in  turn  bolted  to  castings  on  the  shoe  beam.  This  tjrpe  of  ahoe  U 
not  entirely  satisfactory  because  it  has  a  tendency  for  the  shoe  to  ride 
on  its  nose  when  the  apeed  is  high,  and  does  not  permit  of  adequate  pro- 
tection of  the  rail  from  the  weather. 


THIRD   KAIL   INSDIATORS. 


vUoh  iDtuni  !■  fMlKwd  to  tha  i^tig  nM.    Thii  typa  at  ihoa  i« 


bom,         i 
idMw         ■ 


DInet  SMtetlle 

Ib  tb*  tytiM  of  *hoM  ikovn,  by  ooppa  Umaiuit  bolted 

ifaiM,  tbiia  two  beinc  coiuwcMd ■■  -■' -"  ■-  ■' 

lUiibk  ooppar  Itmta. 


Fra.  180. 
ii  nulnUiDed  from  Uis  ibo*  to  ttw  mi 
'btduiuUb  bolted  lo  both  yoks 
otber  >od  to  the  molot  by  b 
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nil  b  the  idnt  iomition  of  V 
'm  noMd  in  tba  iUutnUoD,  ir 


—  Thig  unosmnent  of  eontKct 


lou  by  t  inc 


^y|3ST£r 


emwad  by  woodeo  (hMtliiiic  wbish  ii  spiilied  ia  thm  puti  uid  usUmI 
MC«Uur.  AE  the  joinU  where  the  third  nil  is  bonded,  ud  U  the  feeda 
t^.  the  wooden  aheathina  i*  mortieed.  Thii  lul  ii  cIveD  »  little  pUr 
in  the  inmiston  for  eipuiiion  sud  wntrnclion,  exoept  at  eettkin  aeatnu 
poinia,  where  it  ie  uiohored.  It  woghs  70  pouode  per  yvd;  ii  of  epedal 
•Ntion  kod  oompoaitloii;  Kiid  hu  b  minivily  ijMwecD  eeven  xad  eiabl 
time*  that  of  ocniper.  The  under  or  contast  aurfaee  ii  plaeed  3|  Inehei 
above  the  top  of  the  aerviea  nil.  and  iU  eantar  ia  4  feet  »|  Inohee  from 
the  ocnter  ttn*  of  tlie  nrvioe  traok,  or  2  [«M  6  loohai  from  the  c»uc<  iina 
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PROJUDHA!ra    BSVXMAiraD  COST  OS*  OMfl   MMMM 


(W.  B.  Pottul) 

6-Ingb  Channbl  Ibon  P^otbction. 

5260'  7ft-lb.  3'  X  2^'  oonduotor  mU  at  $43  pw  ton  QS0  tons)  .   .  $2340.00 
628  Baoonstruoted  snuiiee  insulators,  olamps  and  lAg  screws 

at  40  cents  per  set 211.00 

352  No.  0000  QE  0"  Fonn  B  bonds  at  38  cents 184.00 

$3,185.00 
5280^  31i-Ib.  6'  channel  iron  guard  for  conductor  rail  at  $45 

per  ton  (27.71  tons) $1,248.00 

792  HaUeable-iron  guard  supports  at  36  cents 286.00 

176  Malleable-iron  fish  plates  and  bolts  at  25  cent 44.00 

$1,578.00 
Approodmate  labor  for  installation,  including  drilling  rails  and 

channels 900.00 

Total  cost $5,663.00 

8-Incb  GBANmL  Iron  PnoracnoN. 

0280^  75-Ib.  3'  X  24^  conductor  rail  at  $48  per  ton  (66  tons)  .    .  $2,840.00 
528  Reconstructed  granite  insulators,  clamps  and  lag  screws 

at  40  cents  per  set 211.00 

352  No.  0000  GB  9*  Form  B  bonds  at  38  cents       134.00 

$3,185.00 
5280"  48-Ib.  8*  channel  iron  guard  for  raU  at  $45  per  ton  (42.24 

tons) $1,900.00 

792  UaUeable-iron  guard-rail  supports  at  36  cents 286.00 

176  ICaUeablc-iron  fish  plates  and  bolts  at  25  cents 44.00 

$2,230.00 
Approadmate  labor  for  installation,  including  drilling  rails  and 

channels 9(X).00 

Total  cost $6315.00 

8-Inch  Wood  pBorngcnoxf. 

5280^  75-lb.  3'  X  W  conductor  rail  at  $43  per  too  (66  tons)  .  .  $2,480.00 
528  Reconstructed  granite  insulators,  clamps  and  lag  screws 

at  40  cents  per  set 211.00 

352  No.  0000  GE  9*  Form  B  bonds  at  38  cents       134.00 

$3,185.00 
5280^  Ash  plank  W  X  S''  at  $48  (M  board  feet)  in  the  rough. 

5280  board  feet $253.00 

792  Blalleable-iron     guard-rail    supports    for    wooden    guard 

plank  at  39  cents 308.00 

176  Bialleable-iron  fish  plates  and  bolts  at  25  cents 44.00 

$605.00 
Approximate  l^bor  for  installation,  including  drilling  rails  .    .    .  750.00 

Total  cost $4,540.00 

COVDVIT  •TftTSHEft  OF  fllACXMC  HAUiWATS. 

Prsrious  to  1893  manv  patents  were  granted  on  conduit  and  other  4ub- 
■mface  systems  of  carrying  ihe  conductors  for  dectric  railways,  and  hun- 
dreds of  experiments  were  carried  on;  but  it  has  been  only  since  that  year 
that  capitaBsts  have  had  the  necessar/  coursfs  to  expend  enough  money 
to  make  a  really  successfully  operatmg  road.  The  work  was  put  into 
the  hands  of  competent  mechimical  engineers,  who  perfected  and  imprcred 
the  mechanical  details,  and  the  electrical  part  of  the  problem  was  by  that 
means  rendersd  yery  simple. 
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The  Metropolitan  Street  Railway  Company  of  New  York,  and  the  Metro- 

K»litaa  Kaili'oad  Company  of  Washingtoni  dedded,  in  19dL  (hat,  by  bnild- 
fl  a  oondnit  more  nearly  approaching  c»ble  oonetmction,  tne  nndergroond 
electrio  system  could  be  made  a  suooeae.  The  former  contracted  for  its 
Lenox  Avenue  line,  and  the  latter  for  its  Ninth  Street  line«  The  New  York 
road  was  in  operation  by  June,  1806;  the  Washincrton  road  by  August  of 
the  same  year ;  and  they  continue  to  runsucoessfuliy.  While  modi^atioas 
hAve  been  made  in  some  details  since  these  roads  were  started,  yet  the 
present  construction  is  subetantially  the  same.  These  roads  were  the  first 
to  avoid  the  almost  uAiversal  mistake  of  spending  too  little  and  building 
xmsubstantially  where  new  enterprises  are  undertaken.  The  history,  in 
these  particulars,  of  the  development  of  overhead  trolley  and  conduit  roads 
is  to-day  repeating  itself  in  the  third-rail  equipment  of  branch  and  local 
steam  roads. 

The  Metropolitan  Railroad,  in  Washington,  used  yokes  of  oast  ironplaced 
on  concrete  foundations,  and  carrying  the  track  and  slot  rails.  The  slot 
rails  had  deep  inner  flanges,  with  water  lips  to  prevent  dripping  on  con- 
ductors. The  conductor  rails  were  T  bars  4  inches  deep,  13  feet  6  inches 
long,  6  inches  apart,  and  were  suspended  frora  double  porcelain  corrugated 
insulators  filled  with  lead  and  mounted  on  cast-iron  handholes.    A  sliding 

{»Iow  of  soft  oast  iron  collected  the  current.  During  the  first  few  months  ot 
ts  operation  there  were  but  few  delays,  mostly  due  to  causes  other  than 
electrical  defects.  Some  trouble  came  from  short-circuiting  of  plows,  which 
was  remedied  by  fuses  on  plow  leads,  and  a  water  rheostat  at  the  power- 
house. The  floodixig  of  conduits  did  not  stop  the  road,  although  the 
leakage  was  300  to  550  amperes.  Under  such  circumstances  the  voltage  was 
reduced  from  500  to  about  300.  The  average  leakage  on  minus  side,  when 
tested  with  plus  side  grounded,  was  one  ampere  over  6,600  insulators.  The 
positive  side  always  showed  higher  insulation  than  the  negative,  possibly 
due  to  electrolytic  action  causing  deposits  on  the  negative  pole. 

The  Lenox  Avenue  line  of  the  Metropolitan  Street  Railway  was  the  first 
permanently  successful  underground  conduit  line  in  the  United  States. 
The  cast-iron  vokes  were  similar  to  those  used  on  their  cable  lines,  placed 
6  feet  apart.  Manholes  were  30  feet  apart,  with  soapstone  and  sulphur  ped- 
estal insulators  located  under  each,  carrying  channel  beam  conductors, 
making  a  metallic  circuit.  At  first  the  voltage  was  360,  but  it  was  gradually 
raised  to  600.  The  pedestal  support  was  afterwards  abandoned,  and  sus- 
pended insulators  used  every  15  feet,  at  handholes.  At  one  time  iron-tube 
contact  conductors  were  tried,  but  they  proved  unsatisfactory. 

The  details  of  track  construction  for  underground  or  sub-surface  trolley 
railroads  are  essentiallv  of  a  special  nature,  and  are  determined  in  every 
case  bv  the  local  conditions  and  requirements.  They  belong  to  the  civil  en- 
gineering class  entirely,  and  will  not  be  treated  here  in  any  way  other  than 
to  show  cuts  of  the  yokes  and  general  construction. 

The  requirements  of  the  conduit  for  sub«nrface  trolley  conductors  are 
first,  that  it  shall  be  perfectly  drained,  and  second,  that  it  be  so  designed 
that  the  metallic  conductors  are  out  of  reach  from  the  surface,  of  any- 
thing but  the  dIow  and  its  contacts.  Another  requisite  is  that  the  conduct- 
ing rails  and  their  insulated  supports  shall  be  strong  and  easily  reaohed  for 
repairs  or  improvement  of  insulation. 

The  conducting  rails  must  be  secured  to  their  insulating  supports  in  sueh 
a  manner  as  to  provide  for  expansion  and  contraction.  This  can  be  done  by 
fastening  the  center  of  each  section  of  bar  solid  to  an  insulated  siq>port  at 
that  point,  and  then  slotting  the  ends  of  the  bar  where  they  are  supported 
on  insulators.  The  ends  of  the  bars  will  be  bonded  in  a  manner  somewhat 
similar  to  the  ordinary  rail  bonding. 

The  trolley  circuit  of  the  sub-surface  railway  dllfers  from  the  ordinary 
overhead  trolley  system  in  that  while  the  latter  nas  a  single  insulated  con- 
ductor, and  return  is  made  by  the  regular  running  rails,  the  former  has  a 
complete  metallic  circuit,  local,  and  dlsoonnected  m  every  way  irota  traok 
return. 

The  contact  rails  must  be  treated  like  a  double-trolley  wire,  and  oalcolatlona 
fnr  feeders  and  feeding  in  points  can  be  made  after  the  methods  wtplained 
for  overhead  circuits  and  feeders  earlier  in  this  chapter.  Feeders  anotealns 
are  usually  laid  in  underground  conduits  for  this  work,  and  the  contact  rails 
may  be  kept  continuous  or  may  be  divided  into  as  many  seotiona  as  the  ser- 
vice may  demand,  taps  from  the  mains  or  feeders  being  made  to  the  eontaet 
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Flo.  IM.    Clip  uiil  Bm  [or  CoDdnlt^MropoUWn  RMlniad,  Waahlnctoo, 


niila  at  anob  points  lu  ma;  be  detflrmlnsd  a«  nwewarr.  All  tbe  lunlaUd 
condDDtDn  abould  be  or  tbe  hlgbeiil  clue;  any  be  toiolfttsd  Tlth  rnbbei:  or 

Super,  but  itiould  Id  any  cue  be  covered  wltb  lead.  Eipeclal  care  ihoald 
e  taken  In  maklnuJolDtg  belaeenlbe  cooducllng  rail  and  copper  condaotor 
•o  that  Jarring  wIH  not  dliturb  the  soutaol. 

Otber  Iban  Ois  abore  tew  general  facta  It  is  dllBcult  to  eai  IDOCh  r^aid- 

Inz  thle  type  ul  eleotric  railway,  (or  It  Is  so  eipeostTS  to  Install  that  II  san 

nied  In  but  a,  few  al  tbe  laraeel  cltlea,  and  In  every  case  vlll  be  apodal, 

equiro  speelsl  study  to  determine  and  meet  the  local  eondltlons.     The 

.1.  „, ^  .-  .V.  ., ^^  ,„^  oomphio 


and  requlrospet... , 

reader  It  referred  to  tba  fliee  of  tlie  street  rallvsy  Jou 
daMriptlon*  of  tbe  fev  luatslUtlons  of  this  type  of  eileet 
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Follovfng  ft»  a  nnmb«r  of  cat*  phowlnff  tha  ituicLkrd  ooiutmatloD  of 
■leetrfe  owdoll*  u  dialined  tad  bnlll  bv  (be  HetropoUtui  Street  RiUl«ftf 

„ ,«„«„u     ™n. ,^  „(  rmilmy  msfbeuld  [ouMsUlhe 

ijliig  oonilulu  Alone  ■'''*  <"  "odei  Ut 


r,  of  Maw  York.    Tb*  ■] 


JHet»  OWIOUBi    UHIUUU 

tTMka,  M  will  be  (MD  t .      

Tbo  ponwliiii  luulator  beta  ■bowu  for  ai 
far)' lobtUntUlln detlgD  uid  ootutrnotlon, 
hole  la  sully  reubad  for  sleAnlnc,  iw&ln,  w 
alio  reoalTaa  oaref  a)  attsDtlon,  and  tboaa  nc 
ropolltaii  Companr  laaTe  Uttla  to  be  i.^n^. 


apporUDE  tbs  ooDtaot  ralla  It 
and  bT  Tta  kwation  M  a  band- 
ilaoemeDt.    Tbejilour  bsa 


-jont.    Tl-r 

itandard  b;  Cbe  Hat- 


Hda  and  End  BIsratloD  ot  Plow,  MetTopoHUn  A 
ay,  Kvw  Totk. — StaDdaid  VoA.  im-m. 


ELECTRIC    RAILWAYS. 


Fra.  197.   Flan  vul  Blantlon  of  Flow  Snipentlon 
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Mune.  Most  of  these  failed  through  Ignorance  of  the  reqoiremente,  and 
timidity  of  capital  in  taking  up  a  new  deyioe  answers  for  others. 

The  westinghouse  Eleetnc  and  Manufacturing  Company  and, the  Qeneral 
Electric  Company  finally  took  the  matter  up,  and  being  equipped  with  vast 
experience  of  the  requirements,  and  the  necessary  engineering  talent  and 
apparatus,  have  each  dcTelopea  a  system  that  is  simple  to  a  degree,  and  is 
said  to  cost  but  half  as  much  to  install  as  the  conduit  system,  a:.d  to  offer 
adrantages  not  known  to  that  or  other  systems. 

I  Quote  as  follows  from  a  bulletin  iwued  by  the  Westinghouse  Electric 
and  Manufacturing  Company. 

Aoaie  Advaaisigpea  of  tlie  ftysteai. 

Ko  poles,  overhead  wires,  or  troublesome  switches  are  employed.  The 
streets,  3rards,  and  buildings  are  left  free  of  all  obstructions. 

The  facilltr  with  which  freight  cars  can  be  drilled  in  yards  and  through 
buildings,  without  turning  the  trolley  wheneyer  the  direction  of  a  motor 
ear  or  fooomotive  is  reversed,  and  the  absence  of  the  necessitv  of  guiding 
the  trollev  through  the  multiplicity  of  switches  usually  found  in  factory 
jrards  ana  buildings,  is  of  great  advantage,  permitting,  in  fact,  the  use  of 
electric  locomotives  where  otherwise  electricity  could  not  be  used. 

The  only  visible  parts  of  the  system,  when  installed  for  street  railway 
work,  are  a  row  of  switch  boxes  oetween  the  tracks,  flush  with  the  pave- 
ment, and  a  doable  row  of  small  contact  buttons  which  project  slightly 
above  the  pavement,  and  do  not  impede  traffic  in  any  way. 

This  system  can  be  used  in  cities  where  the  use  of  the  overhead  trolley  is 
not  permitted,  and  if  desired  the  continuation  of  the  road  in  the  suburbs 
can  be  operated  by  the  cheaper  overhead  system.  It  would  only  be  neces- 
sary to  have  a  trolley  base  and  pole  mounted  on  the  car,  the  pole  being 
kept  down  when  not  in  use. 

There  are  no  deep  excavations  to  make.  The  system  can  be  installed  on 
any  road  already  in  operation  without  tearing  up  the  ties. 

The  cost  is  only  about  one-half  that  of  a  cable  or  open  conduit  road. 

The  insulation  of  all  parts  of  the  line,  the  switches,  and  the  contact  but- 
tons is  such  that  the  possibility  of  grounds  and  short  circuits  is  reduced  to  a 
minimum. 

The  system  is  easy  to  install,  simple  in  operation,  and  reliable  under  all 
conditions  of  track  and  climate. 

Finally,  the  system  is  absolutely  safe.  It  is  Impossible  for  anyone  on  the 
street  to  receive  a  shock,  as  all  the  contact  buttons  are  "  dead "  except- 
ing those  directly  underneath  the  car. 


i 
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In  devising  this  system  the  following  requirements  of  successful  working 
were  carefully  considered. 

The  insulation  must  be  sufficient  to  prevent  any  abnormal  leakage  of 
enrrent. 

nie  means  for  supplying  the  current  to  the  car  must  be  infallible. 

The  apparatus  must  be  simple,  so  that  Inexperienced  men  may  operate  it 
without  difficulty. 

The  svstem  must  operate  under  various  climatic  conditions. 

Flnauy,  absolute  safety  must  be  assured. 


This  system  includes  the  following  elements. 

First.  Electro-magnetic  switches,  inclosed  in  moisture-proof  iron  cases. 
Baoh  switch  Is  permanently  connected  to  the  positive  main  or  feeder  which 
la  laid  parallel  to  the  track. 

Seoond.  Oast-Iron  contact  plates  or  buttons,  two  in  each  group,  placed 
between  the  rails  and  electrically  connected  to  the  switches.  A  separate 
switch  is  provided  for  each  group  of  buttons. 

Third.  The  conductor  forming  the  positive  main  or  feeder.  This  is  com- 
pletely inclosed  In  wrought-iron  pipe,  and  is  connected  to  the  various 
■vltohet. 
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Fdortli.  Metal  oontact  thoea  or  ban,  aiispended  from  the  ear  traeka ; 
two  bars  on  each  car. 

Fifth.    A  small  storage  battery  oarried  upon  the  oar. 

The  operation  of  the  system  is  described  as  follows,  and  is  illustrated  by 
outs  making  plain  the  text. 


RAIL 


M 


RAIL 


H— SMOHTCOIL-^^** 
I— SEMES  OOIL- 

JMON  FEEDER 


IL 


Fig.  100.  Diagram  of  Switch  Oonneetions. 
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D^STORAOe  BATTtRy 
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R    PICK  UP  BAR 


Fm.  200.   Diagram  of  Oar  Connectioas. 

Electro-magnetic  switches,  X„  X.,  X,.,  inclosed  In  water^tig^t  caalngi, 
are  installed  at  interrals  of  about  15  feet  along  the  track  to  m  operated. 
Each  switch  is  proTided  with  two  windings,  I  and  H,  which  are  connected 
by  the  wires  ^and  M  to  two  cast-iron  contact  buttons,  1  and  2,  which  are 
mounted  on  suitable  insulators  and  placed  between  the  rails. 

Each  car  to  be  operated  on  this  system  is  prorided  with  two  springs 
mounted  T  steel  contact  bars,  Qj  and  Q^,  and  a  few  cells  of  storage  battery 
in  addition  to  the  usual  controllers  and  motors.  The  oontact  bars  are 
mounted  at  the  same  distance  apart  as  the  contact  pins,  1  and  2,  so  that  as 
the  cars  advance  along  the  track  the  bars  will  always  be  in  contact  with  at 
least  one  pair,  as  the  length  of  the  bar  exceeds  the  distance  between  any 
two  pairs  by  sereral  feet. 

Suppose  a  car  is  standing  on  the  track  over  the  switch  X,,  the  contact 
bars,  Qi  and  Qt*  being  then  in  connection  with  the  buttons  1  and  2  reapee- 
tivelv.  The  nrst  step  is  to  **  pick  up  "  the  current,  i.e.,  render  the  buttons 
1  and  2  alive. 

Switch  A  is  first  dofted :  this  completes  the  circuit  from  the  stor^  bat- 
tery, D.  through  the  wiring,  R,  oontact  shoe,  Q,,  button  No.  1,  and  shunt 
coil,  H,  to  the  ground.  The  current  passing  through  H  magnetise*  the 
core,  S,  which  in  turn  attracts  the  armature,  P,  closing  the  switch  and  es- 
tablishing connection  between  the  BOD-V  main  feeder  K,  and  button  No.  2, 
through  Oie  contacts,  JJ,  coll  I,  and  wiring  N.  Switch  C  is  now  closed  and 
switch  A  opened ;  the  switch  X,  is  kept  closed,  however,  by  the  onrrsnt 
flowing  from  bntton  No.  2  through  bar  Q„  connection  T,  resistance  I^,  oob- 
nection  R,  bar  Qi,  button  No.  1,  connection  M,  coil  H  to  ground. 

The  car  now  proceeds  on  its  way,  cnrrent  from  the  main  pasaing  throng^ 
connection  T,  to  the  controller  and  motors.  When  the  ear  has  aavanoed  a 
short  distance  the  contact  bars  make  connection  with  the  pair  of  bnttoBs 
connected  to  switch  X,.  Current  then  passes  from  bar  Q,  through  the 
shunt  coil  of  this  switch.  The  operation  described  above  is  then  repeated. 
As  soon  as  the  bars  leave  the  buttons  1  and  2,  cnrrent  ceases  to  paas  through 
the  coUs  I  and  H  of  switch  X,,  and  this  switch  immediately  opens  by  grmv- 
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u  KlnudT  bMH  Mtabltihad  throng  ivitcli  X,,  (hare  will 


•Ulnr  at  tba  bntton  or  tha  ■vlloh. 


m  tha  fseder,  uid  n 


It  vill  ba  obMTTwl  ttutt  all  ths  < 
thronah  awttah  ovdUcU  J  J  pmiwa  tbnnigh  tha  ierlai  eoil,  I,  lioUini  tha 
iwiteCBrmlr  olcMMluid  preoluiliiis  mil  poulbUltj  ol  lu  oponlni  vhlls  cur- 
rant  k  pmiIpi  tbronih  the  oautaoH,  aTaa  ihoold  the  olreolt  threiuh  col]  B 
he  Interraptsd.    Altnongh  tha  not  of  "plaklBK  up  the  BiiiTeiit''^req(ilra 

.._.!_  . ..  .  ..  ..^      ._ -■-)  only  a  (o«  leoondi. 

lira  In  the  diagram;  but  In  praatioa 


ta  tboa  to  daaeriba,  It  takea  Id  praetlee  only  a  fe*  aa 
te  iwltsliea.  A  and  C.ar-  -■■ '-  "■-  •■■— 


TwoMparat 

ODa  apeoul  airltoh  ol  alronlar  lonn  la  proTided, , 

dou  reqntred  tor  "  pleklni  np  the  onrrent "  are  made  bj  one  rerolntlon 
the  awltoh  handle. 

Thabattarj  Daed<HilT  be  cmploTad  to  lift  the  Ant  *«ilofa|  tor  after  th 
bai  bawieloMd,  the  oontact  ahoeetnidn  the  main  voltage  oTer  from  onei 
of  plna  to  aDotber,  at  daaorlbed,  that  sloalng  tha  laooeulTe  aw1l«baa,  wll 

—  ' — ■' "eunon  from  the  moCorman. 

id  0  oloted  at  tlia  aai 


XfecBwHck. 


Flg.lOl  ihowa  the  gaoaral  amnfemeut  at  awiteh,  bell,  and  pi 
awltok  and  magnet  are  mounted  npon  a  marble  ilab,  which  it  ti 
the  bell  by  maant  ol  terewa  to  tba  tioaiaa,  B  B. 

neawlt(ihmaviet,lI,lio(thein>n-elaidlTp*.    It  la  aeenred  to  I 


The       I 

radio         \ 


I,  Bell,  and  Pan. 

■Ids  of  tha  marble  baas,  and  la  prorldad  vlth  a  line  <abnnt)  winding  for  the 
"  plok  op"  enrrant,  and  a  ooana  (lerlea)  winding  tbrongh  wblob  the  work- 
tnkamrept  paiaae. 

when  magnetUed  tba  polaa  attraat  an  amatnre  attached  to  a  bridge  pleoa, 
J^eaohaadof  whlBhaarrlMBearbDndlik,lI.  H,  R,  are  aatdaa  for  tha  bridge 
plaea,  J.  DIraetlj  abora  each  of  tha  eatbon  diakg,  N,  &  a  statlonarr  dlA, 
D,  mounted  opon  a  marble  ba«e.    One  of  the  dlika,  O,  li  penuanentlT  OOD- 

-  -■ -^     ~     -pa,  0„  aa  axptalned  later,  to  tha 

b  the  aartaa  ooll  and  cap,  a„  t« 


poaltlTe  main  cable,  and  the  other,  throogn  th 
ue  poaltiva  oontaet  botlon. 
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TbAWUi,  C,  ii  pnnldcd  iTith  four  bo«H.  S,  to  aupport  Uu  mtSoml  apllt 
plna,  F,  vMob  ftrs  luutated  from  tha  dul  Tbegc  pini  elide  Into  neepia- 
olw.  a,  as  tha  iwltah  bwe.  Tb«  plni,  F,  are  proiidsd  wilh  aoonaaton.  I, 
tortbs  purpoKaf  makiog  conned tlon  vlth  the  WTe»]  oablea,  U,  whtcbpua 
through  ths  hole*  In  the  under  (Ids  OC  thepan.  The  pan  licomplgtslT  Sled 
with  pamfflne  after  the  oanuactloni  ue  nude,  thu>  effeotonllr  keeping  out 

The  object  of  the  bell.  A,  and  the  pan,  C,  wtth  the  10111  plot,  F,  and  the 
capa,  O,  ia  to  proilde  a  readv  means  of  evuiilnattoa  of  the  iHitch  without 
dlaoonneotlng  iha  wiro*.  'Hie  ball  can  be  lilted  entirely  tree  of  the  pan. 
In  raplaolim  it,  it  !■  odIt  Deaeeaarr  to  »a  Chat  a  lug,  T,  on  the  aide  oT  the 
— ar,  flu  into  a  illda,  U,  on  the  frame.    When  in  thl>  position  the  aplil 


pina  make  eonueotlons  with  their  Borreepondlng  cupe. 

The  bell,  A,  la  provided  with  lusa,  L,  to  facilitate  ..- 
double  Up,  W.    The  inner  portion  of  thla  lip  AU  into  ai 


grooTa,  l3.  of  pan  C.  Thla  g[raDva  ia  fiiied  with  a  hea^  non-vaporiaing  oti. 
The  outor  portion  of  Up,  W,  preTenla  vater  from  entering  the  grooTe.  The 
object  of  the  grooia,  D.  and  the  Up,  W,  la  to  make  a  vaterprouf  Joint  to  pn>- 


le  grooia,  D.  and  mt  Up,  W, 
itoh  and  cable  lermlnala  vll 


vlthont  the  necesalty  of  aorev  JolBIa  oi 
(«•<,».  The  bella  are  all  teatud  Tlih  16  ponnda  air  preuure ;  thay  may  be 
entirely  lubmerged  in  aeveral  feet  of  water  without  alleollng  the  opention 

ThsOonMct  Hanauaremadaotcactlron.  Tbeyareabont^fnehM 
in  diameter,  and,  when  installed  on  paTed  atreeis,  project  atwut  BToidKhtha 
of  an  Inch  abore  Iha  paiemant  and  otter  no  obstruction  to  traOa.  llli  1* 
saOicleutly  high  to  enable  the  collector-ban  to  make  sontact,  and  at  the 
same  time  to  entirely  olsar  the  paTement.  For  opan-Uaek  Inatallatlou  tkaj 
an  substaotlall  J  mounted  in  a  oombluatlon  null  a*  deuribed  below. 


Fia.  W3.   Section  of  Combination  Unit. 


The  bell  and  pan  ar«  entirely  inclosed  In  a  cast-iron  iwitah-bot  ni.  box 
and  the  con  taaf  buttons  are  made  into  a  completo  nnlt  as  ahown  In  Fig  101. 
Each  unit  conslata  of  three  separate  casllnp.  The  cyllndrloal  eaai-lron 
box,  which  Incloses  the  switch.  ball,and  nan.Ts  bolted  Into  a  reoea* proridad 
(orthatnofposeinlhe  bottom  of  (he  sptder-Uke  struotuTB.  which  la  a  aep. 
arato  caatinlroonslstinB  of  bo.  rim,  receptacles  for  the  bntton  Inanlatora, 
andaupportLgarma.    TharemoTahloliaislhathirdeasltal. 

The  liulat^r,,  A.  Flg.aoa.aro  made  of  a  special  ""PP"'"™;"*,,  'p'^ 
nented  Into  the  Upered  cups,  B,  and  supported  by  "">'"".£' 'i?»nS"  -T^J 
eontaot  buttons,  K.  «a  mounted  on  top  o/ theM  Inaulatora  and  stand,  when 
Installed,  about  one  Inch  abOTB  the  rail.  .  .v.  h™_  h  .v, 

The  foir  arms.  Q.  are  seoured  to  Hie  tie*  by  means  of  the  boue*.  H.  thai 
redoelli  to  a  mlnllnnn.  U>e  Ubor  at  lerallng  the  boxes  and  aroldlng  Um 
uecaultj  of  special  tie*. 
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w  being  oil  oannsolod  b;  the  Iron  pipe,  u  per  oat  baloir. 
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Fj'>-20S.  Truk  Equipped  tor  Tnok  Baturn  Ciioidt. 

No  addltloasl  wIeh  are  n»d  to  InterBODneot  the  oolk  or  oootuti  of  kd- 

Tha  CeatwTt  Ban  mre  of  itHl,  of  ordlaur  T  Bectlon.  Ther  are  mp- 
portsd  from  tha  car  truekt  by  tva  flat  atul  sprluga  uid  adjiutiible  lloki. 
liiese  ban  are  liwUiied  at  tha  endi  to  Uwl  tbey  may  readily  allde  otw  th* 
bottoM  and  OTor  any  ordinary  obgtacle. 


It  la  conalderad  beat  d< 

to  Initall  aoolher  tow  <A  oonti 


iiU 


ill 


1^ 

FiO.  M4.  Tra< 


ulpped  tot  Inanlated  Betum  dnnlt. 


Hodl«c«tl<MU  •r  tka  CraMM. 

The  dcasription  elTan  oa  the  preceding  paoea  apptlea  Ui  Uie  ayatei 
_._... J  ■ r.j  -Jj  .i,_ri._  ,^ — 1,      "odiaoatloni  can  be  made  an 


arranged  acoordlng 


«rMt  lbaUwa.r  "VTorU. 

The  foregoing  deacriptlon  ^>p1iee  to  luatallatloHB  where  the  traok  1i  open 
<unpaTsd),aud  There  it  li  unneoeeaary  to  make  prorialon  for  traffic  oroaslng 
the  tracka  except  at  certain  points.  For  itreet  rallvay  work,  the  avltclH 
boxes  are  preferable  Innalled  ontilde  tha  track,  while  the  tiBtlona  Bra 
plaosd  betweeo  the  ralli  and  moanled  on  a  light  metal  tie,  aa  ihowD  In  Rg. 
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The  operation  of  the  system  is  exactly  the  same  as  in  open-track  wozIl 
Connecting  wires  pass  from  the  buttons  under  the  tie  to  the  switch-boiices. 
For  double-traok  work  the  switches  are  installed  between  the  two  traeks, 
and  the  boxes  may  be  built  to  hold  two  switches,  one  for  each  traok. 


UHi_orj5wiNO 


CHANNEL  mOK 


Fio.  205.  Seetion  of  Track  Equipped  for  Street  Railway  Serrioe. 

When,  as  is  sometimes  necessary,  the  buttons  are  placed  in  a  single  row, 
it  is  necessary  that  the'"  pick-up"  current  should  be  of  the  same  ▼oltage 
as  that  of  the  main  circuit,  and  consequently  the  oar-wlring  indicated  m 
]1g.S06is  used.  Instead  of  that  shown  in  Fig.  200. 


O    MOTOR  QENERATOR 


CONTTtOLLER 


6T0RA0B  SATTEIOr 


FiO.SDO.  Diagram  of  Car-Wiring. 


Referring  to  Fig.306,  the  method  of  "picking  up**  the  current  Is  aa  fol- 
lows :  Switch  A  is  first  closed ;  this  completes  the  circuit  from  a  storags 
battery  D,  through  a  small  600-Tolt  motor-crenerator  F,  whieh  immediately 
starts.  As  soon  as  it  is  up  to  speed,  which  only  requires  a  few  seoonds, 
switch  B  is  closed  :  current  then  passes  from  F  through  the  wiring  R,  to 
contact  shoe  Q.  and  then  through  the  switch  magnet,  as  explained  on  page 
538.  Switches  A  and  B  are  then  opened,  thus  stoppinf  the  motor-generator, 
which  need  only  be  used  to  operate  the  first  switch.  The  saocessive 
switches  are  closed,  as  described  on  page  842L 

This  arrangement  of  a  high-voltage  "  pick-up  *'  mav  also  be  used  adran- 
tageously  with  two  rows  of  buttons  where  the  track  is  liable  to  be  obstructed 
by  mud  or  snow. 


Aectlonal  Rail  ConatntcttoM. 

For  suburban  railway  or  similar  service  two  light  rails  may  be  subetitnted 
for  the  two  rows  of  contact  buttons,  as  shown  in  Fig.  907.  The  oars  are 
then  equipped  with  contact  shoes  Instead  of  bars.  These  rails  are  **iBTilatfrt1 
from  the  ground,  and  may  also  be  insulated  from  each  other  whererer 
desirable,  thus  breaking  them  up  into  sections,  which  are  each  controlled  by 
asingle  switch.  The  sections  may  be  made  of  any  desired  length  to  suit  the 
oonditions.  For  example,  between  stations  they  may  be  600  or  more  feet 
long,  while  near  stations  or  crossings,  where  anyone  is  liable  to  came  In 
contact  with  the  rail,  the  length  of  a  seetion  mav  be  reduced  to  60  feet  or 
less.  The  eleotrioal  operation  of  two-rail  installations  is  the  sam«  aa  when 
two  rows  of  buttons  are  used.  The  sectional  switches  along  the  tracks  are 
entirely  under  the  control  of  the  motorman,  and  the  rails  may  ba  raidered 
**  dead  '*  at  any  moment  should  occasion  arise. 
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Pio.SDT.  Ptt"""'  "■"  '—*■"•♦'"" 


'  the  larfsoa  coaUet  (ntem.  u  dsielopea  b> 
T,  uid  prutlul  ■pplIoMion  of  It  hH  beta 
ths  compsnj'l  workH  at  achanoct»dv.  Ths 
ule  by  V.  B.  Poller,  Ct.  Em(.  ol  lliB  HaUwBj 
7  Mr.  S.  B.  Stswart.  Jr. 

in  BMB,  by  tLs  olosed  eondnlt  lurfMO  plate  eoa- 

tt  tha  QeDeral  £l«trie  Compuni,  ihe  ourrent  it  coUecCed  lor 
rvlco  br  m«ni  of  two  llgbt  iteel  Abo«  oanied  under  the  i 
kot  with  K  serlM  of  metal  plaleg,  lotrodi      '     '-  "  ""-  '- 

alln,  imtonuilicalW  wid  r' ' 

•witohea   groapeJ  at  co 
e  BwLlch   eoatrol  l>eing 


itrodnced  along  tbe  tnuik 

energliad  or  de.enervl>«l 

'-!«■  along  the  Unei  the 

he  puflue  of  the  oar,  lb 


ear  praei 
«  apart,  poaltlre 


m  ordlDBTT  itre. 
matelf  ten  iMt  apart, 

■  buwninFlI.aOS.wUshailnilta  of  bi 

in  grouping  the  i 


□egatlve   plates  beiog  etaggered,  u 


1  either  Inranlti 


lit  or  olber  rwaptMle,  and  Ibe  amnunt  of  irire  with  doot*  b*. 
antact  platea  and  their  corresponding  fltrltche*. 
generator  feeder  1>  carried  t"  eachianlt  or  gronp,  anil  auiillarT 
o  it  are  dlatrlbotad  to  each  awitoh,  the  track  rail  being  ntUiaad 
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The  operation  or  perf ormanoa  of  tbis  system  oan  be  reedlly  traoed  out  by 
reference  to  Fig.  908.  It  will  be  seen  that  the  current  In  its  passage  to  the 
motor  from  the  positire  generator  conductor  passes  to  oontact  A(U  switch 
No.  2  through  the  carbons  on  its  magnet  armature  (which  has  been  lifted 
by  the  energised  coil  G)  to  oontact  piates  B  and  G,  through  the  oontact  shoe 
D  to  tile  controller  and  motor,  coming  out  at  contact  shoe  £  to  the  oontact 
plate  F,  when  it  passes  through  the  coil  of  the  automatic  switch  G,  enei^ 
gising  it  and  returning  by  the  track-rail  H ;  thus  maintaining  contact  st 
switen  Ko.  2  armature  carbons  as  long  as  the  shoes  remain  on  the  contact 
plates  O  and  F.    It  should  now  be  noted  that  oontact  plate  B  is  energised 


Fio.  908.  IMagram  of  Oonneotions  for  Snrfaoe  Oontaot  Railway  Plate 

System,  General  Electric  Go. 

as  stated  abore.  As  the  car  proceeds,  the  shoe  D  spans  the  plates  B  and  C* 
thereby  keeping  the  coil  of  switch  No.  2  energised  after  shoe  has  left  plate 
C,  and  until  shoe  £  comes  in  contact  with  plate  J,  which  immediately  ener^ 
gises  coil  No.  1,  thus  making  the  preceding  contaot  plate  energized,  prepara- 
tory to  the  further  advance  of  the  oar.  It  win  be  noted  in  the  abore 
description  of  the  performance  of  the  system,  that  we  hare  assumed  switch 
No.  2  on  Fig.9Q6as  dosed;  it  should  therefore  be  understood  that  an  aux- 
iliary battery  circuit  is  necessary  in  starting  or  raising  a  first  switch,  pie- 
paratory  to  its  armature  being  held  In  contact  position  by  the  generates 
current,  which  current  energizes  the  preceding  contact  plates  consecntirsly 
as  described  abore. 

The  battery  current  Is  brought  into  the  automatic  switch  circuit  momen- 
tarily during  the  period  of  first  raoyement  of  handle  of  the  controller  In 
starting  a  car,  the  transition  of  the  controller  evlinder  also  brlnolng  the 

generator  current  in  connection  with  the  battery  for  a  short  perioocf  time, 
tius  replenishing  the  elements  suiBciently  to  operate  the  switches.  Tlie 
battery  is  also  used  to  supply  current  for  lighting  the  car,  the  generator 
circuit  being  disconnected  while  the  car  is  at  rest. 

Avrftice   Contact   Plates. 

The  surface  contaet  plates  are  made  of  oast  iron,  with  wearing  snrfacei 
well  chilled,  designed  to  be  leaded  Into  east-iron  seats  in  such  a  maimer 
that  they  are  thoroughly  secure,  but  can  be  readily  removed  by  special 
tonn  for  the  purpose.  The  seat  is  imbedded  in  a  wooden  or  eompodtieii 
block  set  Into  a  oast-iron  box,  the  latter  being  spiked  or  screwed  to  the  tie. 
A  brass  terminal  is  fastened  to  the  seat  for  the  reoeptlon  of  the  oonnecting 
wire  from  the  switch.    See  Fig.  209. 
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Ai  itatod  abore,  tha  plate*  mn  uiull;  looMad  10  fMt  uart  tot  nnlalit 
nns  work,  tiut  ■ommrlut  bIoht  on  surfee,  depsDdlDS  upon  Chs  ndliu  of  th« 
eoTTO  Bud  langth  of  eontact  iluxi.  Tha  nagaliTa  and  poaltlra  oootaot  platva 
ara  aUgnrad  vlth  •  anltarni  aagDl*!  dlatasoa  b«m«D  tbem,  iltnated  not 
l«M  than  10  Inoha*  Irom  tha  tiaoE  ralla. 


■■rflM!*  Cm»*m9*  Swltak. 

The  antomatle  (witohM  are  oonatmetsd  on  the  aolanald  principle,  the 
re  ol  which  la  amplojad  In  doting  tha  aouMeta  m  inown  In 


Fio.  310.  A«loaMUeBwtMliforOp«mOoadalt.SilrliMFlUaContut8T^tam- 
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la  aiO>  Ilie  end  of  the  umMure  eon  li  prorldad  with  ■  pnaaed  ibHi- 
■taal  cmrboU'boldBr,  fgr  thepunKxeof  BupportLngthacArboiiooDtBalA  whl«ta 
ws  held  In  place  bj  bionte  clUn  and  coCCer  plnn  which  oui  eaailr  Ix  c*" 
moT«d.  The  pnaaed^tesl  auEon-holder  oau  alto  be  detached  with  Uttle 
trooble  bT  remoTliig  the  siid  holdlns  it  to  the  core.  Capper  plaUa  an  se- 
cured totlia  (laM  bus  (or  contact  lurfa -*  ■■•-  -•--'■ •  -•  '—■■— 

wiraa.    The  wire  of  the  BOleii<  ' ' 
a  belt^haped  tnagnel  frame, 


a  aeries  with  the  feeder  cmreDl.Bud  m  aitnated  that 

lea  iiuacd  to  rupture  an;  aia  that  mlghtbeformeil  while  the  awlKH 

Be.'aa  under  ordlnxr  oondltiong  there  is  no  arcing,  the  succeedinf 
Le  awitchdosLng  the  circuit  before  it  Lh  opened  by  tha  preCAding  one. 
ult  or  group  of  swUchee  should  be  provided  n-ith  cut-oaM  or  an 
le  olroult  breaker  to  protect  theui  In  the  event  ut  ihurl  dionlta. 

The  coDtaot  ihoea  are  made  of  "  T  "  steel  of  light  aectlon,  the  inipBnalOB 
tar  which  la  an  Iron  channel  beam  extending  longltudtDallf  with  the  track 

Uched  to  each  and  for  the  slioseupportlns  caatinc,  the  ihoa  being  attached 
to  these  supporting  casUnga  by  a  spring  equalizing  device  for  maintakning 
the  shoes  at  Che  proper  halicht,  and  also  lor  maklni  tbem  fleiibia  ennagh  to 
meet  any  alight  TarlatlonaTn  the  contact  platee  an<l  track  rmlla.  The  afaoa 
when  In  thefr  correct  poaitlon  should  nerer  drop  oier  one-fourth  Inch  below 
the  sorfaee  contict  plates,  and  are  designed  ao  that  (hay  maj'  rtlta  threa- 
tonrtha  of  an  inoh  or  more  abar*  them.    See  Flg^  311. 


crew  adjostment  ia  prorlded  to  lowei 
;e  care  of  any  other  diserepanclea  d' 
ilowad  to  drop  too  low  tbeT  will  Inte 


Aort  droults. 


rt  require*  for  eloalng  the  flrat  automatic  swltoh  when  itartlnB,  and  for 
lighting  the  oar  approiimatelT,  ten  storage  battery  elementa  eapabla  of  » 
amperes  rate  of  ducbarge  for  Bt«  hours. 
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The  batteries  are  only  slightly  ezhauBted  in  making  the  initial  oonneo- 
tions  through  the  automatic  switch,  as  it  only  takes  approximately  15  am- 
peres momentarily  to  perform  this  work,  the  battery  is  immediately 
recharged  by  current  which  has  passed  through  the  motors.  The  battery 
aerring  as  a  rheostatic  step,  this  momentary  charging  does  not  represent 
Any  extra  loss  of  energy. 

The  circuit  connections  of  the  battery  are  accomplished  in  the  oontroller 
and  require  no  attention  on  the  part  of  the  motorman. 

Car  lilgrlitiBr. 

The  amount  of  recharging  derived  from  the  motor  circuits  Is  sufficient  to 
operate  the  automatic  switches,  but  where  lighting  of  the  oar  is  done  from 
the  same  battexy,  an  additional  recharge  is  required. 

^ff^wmii^g  that  10  ao-yolt  lamps  are  used  for  lighting  a  car,  the  batteries 
will  need  to  be  recharged  every  night  about  fiye  nours,  at  an  approximate 
rate  of  25  amperes. 

It  is  customary  to  run  leads  from  both  the  positive  and  n^^tive  terminals 
of  the  batteries  to  char^g-sockets  attached  to  the  under  side  of  one  of 
the  ear  sills  in  a  convement  place  for  connection  to  the  charging-wlre. 

A  small  generator  of  low  potential  (30  volts)  driven  by  a  motor  or  other 
method  is  required  for  supplying  current  for  recharging  the  batteries  where 
the  desired  low-potential  current  is  not  accessible,  and  the  wiring  from  the 
charging  source  should  be  run  to  a  location  in  the  car-house  most  convenient 
for  connections  to  the  battery  sockets.  These  locations  may  be  fixed  either 
in  the  pits  or  on  posts  at  the  nearest  point  to  where  the  cars  will  be  sta^ 
tixmed,  and  there  should  be  flexible  lead  wires  attached  to  plugs  for  connect- 
ing to  the  battery  circuit  on  the  car.  In  wiring  the  car-nouse  for  the 
battery  connections,  it  would  be  found  convenient  to  designate  the  polarity 
of  the  various  wires  either  bv  different  colored  insulation  or  tags,  and  the 
plugs  at  the  ends  of  the  flexible  leads  should  be  marked  plus  and  minus  to 
avoid  mistakes  in  making  connections  with  the  car  battery  receptacle. 

Motors  aB«l  Coatrollera. 

The  motor  and  controller  equipment  used  with  the  surface  plate  contact 
system  is  standard  apparatus  as  ordinarily  employed  for  electric  car  service, 
with  the  exception  that  provision  is  made  in  the  controller  for  cutting  in 
and  out  the  storage  battery  while  starting  the  car. 


Care  of  Apparataa. 

As  success  in  the  operation  of  the  contact  plate  system  depends  largely 
on  the  care  of  the  apparatus,  a  few  general  remarks  on  the  subject  will  not 
be  out  of  place  here. 

Care  should  be  taken  that  the  contact  plates  are  kept  clean,  and  they 
should  be  frequently  inspected,  the  roadbea  being  well  drained.  Any  small 
quantity  of  water  temporarily  standing  over  Uie  tracks,  however,  would  do 
little  harm,  as  the  leakage  throughthe  water  would  not  be  sufficient  to 
create  a  short  circuit,  although  this  condition  should  not  be  allowed  to 
exist  any  length  of  thne. 

The  automatic  switches  should  be  carefully  Inspected  and  all  cast-iron 
parts  thoroughly  coated  with  heavy  insulating  paint,  and  a  test  for  insula- 
tion or  grounds  be  made  frequently,  and  all  the  parts  kept  clean  and  free 
from  moisture. 

The  contact  shoes,  in  order  to  prevent  leakage,  should  have  their  wooden 
supports  well  protected  with  a  coating  of  an  Insulating  paint,  and  should 
also  be  occasionally  cleaned. 

The  storage  batteries  should  be  properly  boxed  and  should  have  the  cus 
tomary  care  which  is  necessary  to  Keep  them  in  good  working  order. 


DETERIORATION  OF  UNDERGROUND 
METALS  DUE  TO  ELECTRO- 
LYTIC ACTION. 

RjoviBiD  BT  A.  A.  Knudbon,  ElectriccU  Engineer. 

ts  view  of  the  different  phases  and  effects  of  electrolj^io  action  ^ 
presented,  it  seems  essential,  where  a  clear  insight  of  the  subject  is  denred. 
that  a  reference  to  the  cauaet  which  underhe  the  principles  of  such  actsoa 
should  first  be  given. 

To  this  end  the  following  is  abstracted  from  the  Report  of  C/h«  Bledrieal 
Bureau  of  the  National  Board  of  Fire  UnderwriierMt  Pamphlei  No.  6,  daied 
AtH^usf,  1896,  vis :    This  deals  with  earl^  discoveries  and  representa  the 

¥'st  of  opinions  given  bv  several  authorities  on  this  subject  at  that  time, 
he  balance  of  this  article  is  treated  in  a  purely  practical  manner. 
Recent  reports  show  that  the  destructive  effects  of  electrioal  currenta  on 
subterranean  metal  pipes  are  becoming  sufficiently  marked  in  many  parts 
of  the  country  to  seriously  interfere  with  the  service  the  pipes  are  intended 
to  perform. 


Underground  water  mains  have  broken  down,  because  of  faults  unoues- 
tionaUy  due  to  electrolytic  action;  and  smaller  service  pipes  have  been 
weakened  to  such  an  extent  as  to  break  at  critical  moments,  when  exoess 
pressure  is  jput  upon  them  at  intervals  during  a  fire.  Measurements  show 
that  conditions  unquestionably  exist  in  nearly  every  district  in  the  United 
States  covered  by  a  trolley  road,  which  are  favorable  for  destructive  su^tioa 
on  the  subterranean  metal  work  in  the  vicinity,  and  pipes  taken  up  in  ntany 
of  these  districts  show  unmistakable  signs  of  harmful  effects.  The  genend 
nature  of  this  action,  and  the  causes  which  bring  it  about,  are  too  often 
seen  to  need  elaborate  description.  Briefly  it  may  be  compared  to  the 
action  which  takes  place  in  an  electroplating  bath. 

The  current  which  enters  the  bath  through  the  nickel  or  silver  metal  sus- 
pended therein,  flowing  through  the  bath  and  out  through  the  object  to  be 
plated,  ultimately  brings  about  the  destruction  of  the  suspended  piece  of 
metal.  Similarlv,  the  ciurent  from  a  grounded  trolley  system  flowing 
through  the  earth  in  its  course  from  the  cars  back  to  the  generating  station 
selects  the  path  of  least  resistance,*  which  is  generally  for  the  whole  or  a 
part  of  the  way  the  underground  mains,  and  at  points  where  it  leaves 
the  pipes  to  reach  the  station  the  iron  of  the  pipe  wastes  awav  nntU  at 
points  the  walls  become  too  thin  to  withstand  the  pressure  of  the  water, 
and  a  breakdown  ensues.  The  difference  of  potential  necessary  to  bring 
about  this  action  is  very  small,  —  a  fraction  of  a  volt,  —  and  consequently 
in  all  districts  where  potential  differences  are  found  between  watex^|»pes 
and  the  surrounding  earth,  such  actions  can  be  assumed  to  be  taking  place, 
for  dampness,  and  the  salts  necessary  to  produce  electrolysis,  are  present  in 
idl  common  soils. 

Whenever,  then,  a  reading  is  shown  by  an  ordinary  portable  voltmeter 
registering  tenths  of  a  volt  with  the  positive  binding-post  in  dectrical  eon- 
nection  with  a  water-pipe  or  hydrant,  and  the  negative  binding-^sost  in  elec- 
trical connection  with  an  adjacent  lamp-post,  car  track,  or  metal  rod  driven 
in  the  earth,  electrolytic  action  will  be  found  upon  examination  to  be  tak* 
ing  place  at  that  point  which  will  ultimately  result  in  the  dratruction  of  the 
water-pii>e,  provided  that  the  resistance  of  the  soil  is  sufficiently  low  to 
conduct  current. 

Referring  to  the  diagram  shown  in  Fig.  1,  it  is  seen  that  the  current  will 
pass  from  tne  generator  out  over  the  trolley  line,  through  the  motor  to  rul. 
Back  to  the  power  house.    There  are  obviously  two  paths  open   for  the 


•  The  correct  statement  would  be  that  the  current  follows  the  law  cf 
divided  circuits  taking  all  paths  offered,  rails,  earth,  pipes,  etc.,  in  inverse 
proportion  to  their  respective  resistances. 
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eurrent.  One  a  ratorn  through  the  rail,  the  other  a  ratum  through  the 
earth  and  any  existing  gas-pipes,  water  mains,  or  other  metallic  structures 
that  may  be  in  its  path  in  the  earth.  The  oiunrent  flowing  through  these  two 
paths  in  parallel  is  plainly  inversely  proportional  to  the  resistance  of  these 
two  paths.  Therefore,  in  a  general  way  the  current  will  leave  the  rails  at 
A.  flowing  into  the  waternoipe  at  B,  and  will  again  leave  the  waterrpipe  at 
G  and  entw  the  rails.  Here,  then,  is  an  electric  current  flowing  between 
metallic  structures  that  may  be  called  electrodes  at  places  in  the  return 
path  from  the  motor  to  station.  All  that  remains,  then,  to  promote 
electrolytic  action  is  the  presence  of  some  solution  which  will  act  as  an 
electrolyte. 

ObservaUon  has  shown  that  the  earth,  espedally  in  the  larger  cities,  con- 
tains a  large  peroentago  of  metallio  salts  in  solution,  which  will  readily  act 
as  electrolytes  upon  the  passage  of  electric  current.  It  can  be  seen,  then, 
referring  to  this  dia^pam,  that  if  there  exists  in  the  ground  sufljicient  moist- 
ure of  some  metalho  salt,  electrolytic  action  will  take  place  between  the 
electrodes  A  and  B,  and  between  the  electrodes  C  and  the  rails.  In  the  earlier 
electric  roads  the  positive  terminals  of  the  generators  were  connected  to 
grouml.  This  arrangement  of  the  polarity  of  the  street  railway  has  a 
tendency  to  distribute  the  points  of  danger  on  water-pipes,  gas-inpes,  cable- 
sheathing,  or  any  other  underground  metallic  structure  throughout  a  large 
and  bartended  territory.     By  reversing  the  polarity  of  the  railway  generator. 


Fio.  1. 

bringing  the  positive  terminal  to  line  and  negative  to  ground,  the  points 
wtkflre  the  current  leaves  these  metallio  structures  will  be  brought  much 
nearer  the  power  station,  and  will  be  localised  in  a  much  smaller  area. 

From  the  electric  railway  standpoint,  the  prohibitive  expense  of  the 
requiate  addition  of  copper  to  make  a  complete  drouit  is  advanced,  to- 
gether with  the  impracticability  of  a  double-trolley  Byttem  that  is  appar- 
ently a  necessary  concomitant  of  the  metallic  return;  and  these  arguments 
have  a  certain  weight.  There  is  no  question  but  that  the  complete  metallic 
return  is  in  the  bennning  a  more  expensive  installation,  but  per  contra  few 
railway  companies  nave  any  idea  of  the  energy  now  expended  in  returning 
the  energy  delivered  by  the  jpower  station  through  the  poor  conductivity  of 
tbeaverage  railwaytgick  with  its  surrounding  earth. 


•  —  In  the  process  of  eleetrolyris  upon  under- 
(Toond  pipes  there- are  two  distinct  phases  of  action  conndered  as  follows: 
A,  the  taUral  elfeeA  which  is  most  common,  illustrated  by  Figs.  2,  3,  4  and 
Bt  ihib Joint  effect  as  shown  in  Fig.  6. 

A.  Where  the  current  is  leaving  a  cast  iron  main  and  passing  into  the  soil 
the  iron  is  usually  removed  in  spots,  causing  pittings  of  varied  sise  and  depth, 
and  in  aggravated  cases,  furrows  and  holes.  The  pittings  are  small  at  first, 
beiny  1-10  to  i  inch  in  depth  and  varying  in  diameter  at  the  surface  from  \ 
to  1  in.;  those  more  advanced  are  from  i  to  i  in.  or  more  in  depth,  with  corre- 
spondingly lai^^  surfaces. 

When  a  section  of  cast  iron  pipe  containing  such  pittings  has  been  removed 
from  the  soil  and  exposed  to  the  sun,  the  graphitic  carbon  and  impurities, 
of  which  the  pittings  are  filled,  become  dry  and  hard  and  drop  out  or  are  easily 
removed.  In  appearance  they  are  flat,  or  nearly  so,  at  the  surface  of  the 
pipe  and  oval  in  depth,  as  in  Fig.  2. 

These  are  }  of  the  actual  sise  and  shape  taken  from  a  pipe.  In  weight 
theyare  about  the  same  as  dry  wood  of  equal  dimensions. 

Where  deotrolytic  action  has  been  severe  and  the  main  has  burst,  the  most 
of  these  impuritiea  will  have  become  detadied  or  waahed  out  by  the  foroe  of 
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•MkCJnc  mtw.  asd  ths  spot*  and  holn  ars  plainly  raraded.  Fie.  3  la 
■o  Honipla  ol  aav«re  action  anrj  repraieiiti  a  MCtian  of  a  e4n.  can  iroa 
wata  main  ulua  from  a  streM  in  Brooklyn,  N.  Y.     The  mi 


leakaacapad  Into  a  canal,  did  not  appear  on  the  it 
diamvand  by  accident.  Ths  lenoth  of  time  lbs  < 
!■  not  known.  Fif .  1  li  a  S-io.  uelJoD  from  Rea< 
Saadinc  Pa.,  rapCiMd  Fis.  i  and  failad  acaiii  in  i 


en.  and  the  leak  ma  only 
ing.  Pa.    Fif.  6,  aUo  fnun 


PM.  8.     Saotion  at  Unch  Cait  Iron  Water  Uijn  Dntroyed  by  "Baotratr- 

«ii,"  tvmovad  from  Waaabout  Plaoa,  Eaat  of  WailiiDston  Annua, 

BroDklya,  N.  Y„  January  31,  IMS. 
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B.  Joint  KUaeL  —  TUa  ii  aaiund  by  elsctrio 

tb«  inpel  Imcthwiae,  sod  by  rsuon  nf  i 

ion  tkkea  plkcc.     R«i«l»n™  ii  c»u 


arrwilv  flowlnc  through  or 

li  pvtly  by  Ibe  ooatins  of 
if  the  gnpe,  aukini  ■  Hrlia] 


troWtiB 

•^£alt    .     _  _    ,  

iiimlmtion;  uid  iwrtJy  by  ourroft 

opoD  tha  iiuide,  and  moiituie  u 

■biinti  tbe  Kaai.  the  damage  o- 

Eatdngi  in  the  iran  cLoh  la  the  li 

Ti^.  8  —  the  ipiiot  €nd  of  s  CMl 

dIaiJitepBtJOD  of  the  iron  nqir  tL^  .-.-- 

between  ehalk-marlu  — extend  half  way  jltuudu  toe  pipe:  me  i«i  ena  oi 

the  pipe  aoft*ned  three-eichibi  of  su  inch  deep  was  cut  with  a  pocket  knife. 

The  aUnl  at  joint  damage  depend!  upon  the  Mrencth  of  current  flowioc  in 


hd,  KQitAiiDg  of  the  lead,  rceultJDf  in  leaks, 
iron  pipe  —  shows  cauH  of  a  leak  Ihroinh 
llfad  of  thejoinl:  theturrowaf  pittinfs  — 


In  tbe  taduetioD  of  wrouc 


t  iniD  by  tha  procaM,  than  la 


i 


•  wmy,  or  shredded  appearanea,  with  but  little  reiidnal  carbon,  tlpoa 
ateel  nch  u  ttie  baia  of  steel  rails,  or  nil  diairs  (the  latter  no*  little  used), 
the  effect  is  a  meltiDgavavof  tbe  metal,  ieaving  ifaafp  edges  at  tJMir  bottocn 
portioiu.     This  eDed  is  found  where  nils  are  poHtive  to  pipes. 

TheactioD  upon  lead  service  pipes,  or  lead  eoyerins  upon  cables,  iasoma- 

eemed,  but  instead  of  the  graphitic  midue  there  is  IcA  in  the  pittiD(s  and 
Iba  svirrnundinc  soil  a  whitish  matter  consaling  of  the  oiide  or  neidae  of 


e  of  CBrr«at  rlei 


flowing  throui^  a  fl*'  n 
Tha  Oov^lB  i^^*^ 


a  under  varying  aindllions  et-o*  tbf  In- 
Q&ini  after  bonding  the  mains  to  the  rails, 

L^'wheA  ^mAra'ma'^'num  -ita  Ipund 

I  negative  with  result  of  over  150  amperes. 
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The  following  tables  repreaent  actual  meaauremeDte  made  in  dilTereot 
oaties.    Measurements  made  near  the  bonds,  except  in  No.  3,  Table  1. 


T<a»Ie  I. 


Flow  in 

Amperes. 

No.  of 

Notes. 

Test. 

Normal. 

Connected. 

1 

21.0 

41.7 

2 

21.0 

60.2 

3  bonds. 

3 

30.5 

4.3 

3000  ft.  from  bond. 

4 

5.0 

128.0 

In    nesative   district    5 
fromP.H. 

milef 

5 

6.0 

32.0 

Geneva,  Switserland. 

6 

11.6 

37.5 

7 

80.0 

125.0 

8 

27.7 

45.1 

9 

9.8 

30.5 

10 

6.6 

10.5 

Table  n. 


Three  Cases  Difference  of  Potential  in  Average  Volts. 


No.  1 
No.  2 
No.  3 


Connected. 


0.26 

0.8 

2.5 


In  one  city  examined  by  the  writer  two  water  mains  in  front  of  a  power 
house  were  connected  by  copper  cables  directly  to  the  negative  bus  bar  of 


the  switchboard.   The  estimated  amount  of  current  flowing  by  this  path 

found  at  times  to  be  over  1000  amperes;  a  very  much  smaller  flow  has  been 
known  to  damage  the  joints  of  mains. 

Cvrreat    Movemeata    «poB    UadgryrowiJ    HatMa.  —  The 

flow  of  current  upon  imdergrotmd  mains  is  proportional  to  the  traffic 
upon  the  car  lines.  When  railway  traffic  is  heavy  mornings  and  evenim^ 
more  current  output  is  required  at  the  power  house  than  during  hours  ot 
light  loads.  Such  changes  are  faithfully  reflected  by  current  flowing  in  the 
mains.  This  is  illustrated  in  curve  sheet.  Fig.  7,  where  the  load  line  of  a 
24-hour  log  of  a  power  house  is  shown,  and  oireotly  above  it  is  placed  the 
line  of  current  strength  flowing  through  a  36-indh  water  main.  It  win  be 
noticed  that  the  rise  and  fall  of  eurrent  strength  upon  the  water  main  takes 

Klace  at  the  same  hours  of  the  twenty-four  as  the  load  changes  at  the  power 
ouse.    This  effect  is  more  or  less  common  in  ail  cities  where  electric  railways 
with  the  usual  ground  return  prevail. 

Many  instances  of  railway  currents  flowing  through  and  across  waterways 
have  been  discovered,  where,  as  is  often  the  case,  the  power  bouse  is  located 
upon  the  banks. 

One  instance  of  such  action  was  discovered  at  Bayonne,  N.J.,  November, 
1904.  At  that  time  current  was  supplied  from  the  power  house  in  Jersey 
City,  five  miles  from  the  central  part  of  Bayonne.  The  city  is  nearly  sui^ 
roiuded  by  salt  water.     Mains  in  streets  near  the  shore  and  in  salt  marsh 
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hftve  heea  destroyed  by  the  retuminf  railway  currents  delivering  at 

groundB,  cauBing  a  heavy  lose  in  piping  property  to  the  city  by  eleetrQl>'m. 
There  was  no  point  in  the  dty^  where  mains  were  positive  to  the  nihi 
the  flow  was  from  rails  to  mains,  thenoe  to  shore  and  to  power  hoos*. 
A  similar  case  was  discovered  by  the  writer  in  1906  during  a  aurvey  m 
the  city  of  Toronto,  Canada,  where  mains  adjacent  to  the  shore  of  Lab 
Ontario,  2  to  4  miles  distance  from  the  power  house,  were  badly  damaced 
The  conditions  in  Bayonne  have  been  changed  by  the  placing  of  a  sob 
power  station  in  that  city. 

Such  returning  currents  usually  enter  the  power  house  through  puw 
used  for  condensing.  Cases  have  been  founa  where  much  damagehtf 
been  caused  to  apparatus  in  the  steam  plant. 

Other  current  movements  may  be  cited  where  metal  bridges  cross  a  xins 
as  in  map.  Fig.  8,  as  was  discovered  in  the  dtv  of  New  York. 

The  power  house  is  located  near  the  Navy  Yard,  in  Brooklvn.  A  portxn 
of  the  returning  currents,  as  shown  by  arrows,  flows  over  the  New  York  and 
Brooklyn  Bridge  to  Manhattan,  thence  north  to  the  new  Williamsbuig 
Bridge  by  way  of  underground  mains,  subway  structures  and  other  inetali» 
and  passes  over  that  bridge  back  to  Brooklyn,  thence  through  mains,  to 


Fig.  8. 


rails  and  negatives,  to  power  house.  In  this  ease  damage  may  be  eapeeted 
at  three  points,  vis.,  where  currents  leave  bridge  metals  on  the  Manhattan 
side,  where  they  leave  pipes  to  enter  Williamsburg  bridge,  where  they  leave 
same  bridge  for  pipes  on  Brooklyn  side.  When  the  two  bridge  structures 
are  connected  in  Manhattan  as  proi>oBed,  then  there  will  be  further  changes 
in  thin  direction  of  current. 

Before  the  new  bridge  was  built^  these  currents  recrossed  through  the 
river  bed,  leaviruf  mains  all  along  the  docks  on  the  Bianhattan  ade,  tor  the 
river,  and  leaving  the  river  for  mains  or  other  metals  along  the  docks  of 
the  Brookljrn  side.  Traces  of  these  ciirrents  have  been  found  as  far  north 
as  23d  St.,  a  distance  of  over  two  miles  from  the  Brooklyn  Bridge. 

Since  the  Williamsburg  Bridge  has  been  built,  nearly  all  traoea  of  these 
currents  flowing  north  of  it  have  disappeared,  showing  that  the  mass  of 
metal  composing  the  structure  acts  as  a  "short  drcuit"  or  path  of  lower 
rnastance  and  now  carries  practically  all  of  the  returning  currents  flowing 
"Om  Manhattan  back  to  Brookljoi. 

^  Klectrolytic  ISffiecia  upon  fixator  IVf «t«m.  —  This  is  a  compara- 
tively recent  discovery,  and  is  due  to  the  location  in  which  many  meten 
are  placed.  Those  found  damsged  by  electrolysis  in  one  cttv  examined  have 
in  every  case  been  taken  from  pits  in  the  collar  bottoms  of  dwellings,  stores, 
stables,  and  near  water  fronts,  where  tide  water  had  access. 

The  meter  pits  in' many  cases  are  constructed  of  boards  at  the  bottom 
and  sides,  with  a  loose  fitting  wooden  cover;  this  pit,  being  the  lowest  point 
In  a  cellar,  acts  as  a  catch  oasin  and  collects  the  drainage  when  water  is 
present,  partially  or  wholly  submerging  the  meter  very  often  in  stagnant 


BLBCTBOIiYTIC  ACTION.  869 

TM  aualtiy  of  such  liquid  makes  ft  convenient  electrolytic  for  any  currtnt 
of  elertriclty.  lUilvay  or  other  current  pas«u»«  to  the  meter  ihrouch 
Se  sOTioe  pipes,  and  out  of  the  meter  into  this  liquid,  m  time  causes  a 
rupture  of  theSin  iron  sheU  of  the  smaU  bi  see  where  the  top  is  won. 

TTie  actual  weight  of  iron  lost  through  electrolysis  by  a  4-mch  meter  located 
in  ft  ferry  house  and  subject  to  tide  water  was  m  about  six  years  16  pomi^. 
'ni  nJter  was  near  a  power  house  where  the  p.  d.  at  times  reached  85 
4olts.  with  mains  positive  to  rails.  These  severe  eleotncal  condiUons  have 
2noe  been  modiaecfby  the  raUway  comtwoy  unproving  their  track  return. 

£ters  constructed  of  bronse  have  had  holes  eaten  through  their  base 
where  icsting  on  damp  soU  in  ceUara.     Such  grounds  often  attract  trolley 

eunent  through  the  service  pi^-*,     ^  r,  *        *    .      w„-w«— 

DaaiC^r  irmm  Wire  or  JBxploaiotta.  —  Currents  entering  buildings 
whichoontain  explosives,  through  water  or  gas  mains,  are  dangerous  owmg 
to  sparks  when  gas  mains  are  separated  or  the  cross-connecting  and  dwcon- 
neeting  of  pipes  containing  current,  by  movable  metals  is  made. 

Theusual  course  of  such  currents  is  to  enter  a  building^  one  pipe  and 
nass  out  upon  another  when  a  cross-connection  is  made  betweai  the  two 
mtems  anywhere  inside  of  a  building.  When  thecotmecjioo  is  bn>lM«.tito 
spark  appMTS,  and  it  may  appear  at  any  pomt  m  the  building,  possibly 

^BS^tiSSTtSte^SS^^  where  they  «nt«  the  building  has  proved 
effective  as  a  temporary  remedy  in  some  cases.  As  no  *^  <«^J^.  ^"••^ 
particular  rule  can  be  laid  down  as  a  remedv.  Whwe  the  conditions  are 
oonsidered  dangerous  the  services  of  »  specaaTuit  '>^^^^^.^^f^'^^  ^, 
Xaectrolyrts  In  Steel  frame  BulldlM*.  ~  While  no  iMt»nj»j' 
■erious  damage  to  a  steel  structure  through  the  disintegration  of  supporu 
eaused  by  electrolytic  action  can  be  dted.  still  tlus  Question  is  now  r«wing 
attention  by  arcKtecte  and  others,.  Mid  "oft^ods  for  eaieguwdm^^^ 

such  corrosive  efifects  are  being  appUed.  One  w«^»?**«»ff  :°*,P?^?k1  fo? 
the  new  New  York  Timea  bundin|5.  In  one  of  their  pubhcations  the  fol- 
lowing is  stated  in  reference  to  this  structure:  ^:^«*-«^*;nn 

"The  danger  that  in  case  of  the  steel  frame  rusting  the  $«;*2p»«^° 
of  electro^  would  hasten  the  process  of  dissolution  »  ™«<^*a  *°,W! 
structures  of  this  kind  prematurely  unsafe  through  the  a»**^«SrL  L  ♦?! 
supports,  was  recognized  in  time  to  permit  of  ample  safeguarding  in  tbe 
ease  of  the  steel  frame  of  the  Timu  Building.  .  y^ 

"  It  is  axiomatic  that  columns  to  which  moisture  has  »©  •S*^J!?H.!2i^ 
impaired  by  rusting,  and  that  those ,  effectually  V^^^^J^'^T^^ 
electrical  currente  InW  not  be  affected  by  electrolysis.  ^^^^.^^^^^ 
tion  was  to  keep  the  basements  dry;  h«ice  J*|«  ^^^o^ugh  watCTproofinj 
and  draimmr  of  the  retaining  walls  already  described,  ^*»1<^^  Wt^^? 
under  the  floor  of  the  preesroom.  occupying  the  P^L*5!?*?*kS  «t^ 
basement.  As  a  further  safeguard,  aU  the  ^eel  membew  up  to  the  st^ 
level  are  incased  in  Portland  cement,  mortar  to  the  "'i^";?^  ^S??^^^! 
three-fourths  of  an  inch.  This  is  effectual  P.^t^JtiOT  agjnst  ™  ."^Jj 
oration.  Under  these  conditions  electrolytic  ,^«'»*«8;2S^l:c  dSSS 
impossible,  but  the  probability  of  its  occurrence  i?  «^  ™>2?^^rov33L 
is  rendmS  stiH  further  remote  by  as  perfect  insulation  "^.'^fS^nS 
There  is  sufficient  grounding  to  relieve  any  «l«<^'*«^Vi^SSSnr  at  poinU 
exist  in  any  part  St  the  steel  frame  by  'J"^'^?.<>S  *^1, SS  ft  ifghSSgl 
where  electrolytic  action  cannot  be  s^  up.  .  TT>«  "J^  ."I'^Shv  to  a  biS^ 
proof  to  the  extent  to  which  it  is  possible  to  impart  that  quality  lo  a  uuu 

"*^or  results  of  experiments  by  the  writer  upon  ™«*»f"JStW  ^ElwtS 
Febmaiy.  1907,  Pr6wKlin«8  of  the  A.I.E.E.  in  a  PaP*''.  «®**"j^„umbSr 
bSic  oSSosion  in  Iron  or  St^in  Concrete,"  f  ««""'^£»°  ijfhe^r^ 
"^  C«rr«at  Swap|rt«r.—  The  transfer  of  '^^Z^'^^^^^^Ly  ol^Sm. 
different  companies  through  underground  routoj.  ^«S,^yJ2Vra  Sort 
{«  of  frequent  occurrence,  particularly  if  the  hnes  parallel  even  lor  a  «.« 

*  TVsli  more  noticeable  at  the  terminus  of  suburban  Mnes,  but  also  pre- 
irails  in  cities.  ^ 

•  Oms  fflustrated  in  abstract  of  the  writer's  report  for  Providence,  R.I. 
In  ITafsr  ttntf  Qa»  Rwimp,  N.Y..  BCareh,  1907. 
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One  oase  in  a  dty  where  the  termini  of  two  difPerant  fines  were  but  a  few 
feet  epart,  showed  upon  meaaurenient  a  heavy  dedivery  at  times,  leaTinc 
tracks  of  one  company  for  tracks  of  another,  soil  conditions  oontinuafly 
wet,  consequently  a  large  percentage  was  flowing  throu^  soil  and  the 
water  mains.  Another  case  near  suburban  terminals  of  two  railway 
lines  about  000  feet  of  6-inch  water  main  with  a  number  of  service 
pipes  ware  practically  destroyed  by  electrolysis;  the  main  acted  as  an  inter* 
mediate  conductor;  the  pipes  vntn  destroyed  under  the  tracks  of  one  road 
by  the  eurrmUt  from  the  othir.  An  attempt  to  remedy  was  made  by  bonding 
the  two  tracks  together.  This  method  out  the  potential  differenoe  be- 
tween mains  and  rails  from  6.7  volts  down  to  about  2  volts.  After  six 
months'  standing  no  further  breaks  in  the  mains  have  occurred.  This  plan 
was  considered  of  value  in  affording  temporarv  relief,  but  is  not  now  of 
importance  as  the  tracks  of  the  two  lines  nave  been  joined  by  new  tracks 
in  a  cross  street. 

Current  swapping  is  more  frequent  than  generally  supposed,  and  is  caused 
largely  by  local  conditions,  such  as  swamps,  rivers  or  othsr  waterwaya  to 
which  a  company's  tracks  connect  and  are  grounded,  offering  paths  which 
attract  their  own  as  well  as  foreign  currents.  In  the  case  cited  of  damased 
mains,  the  flow  was  -from  newly  conatrueted  trackt,  seeking  grounds  on  anotAsr 
road  where  rails  were  in  wet  soil.  Usually,  however,  tne  cause  is  due  to 
opposite  reasons,  via.  currents  seeking  a  track  return  of  lower  resistance. 

A  well-constructed  road  bed  on  suburban  lines  will  often  avoid  eadi 
opportunity  for  grounds,  and  current  swapping. 

AltemAttng'-Ciirrent  Klectrolyala. 

The  possibility  of  damage  to  underground  structures  by  altematinr 
currents  has  been  investigated  by  seyeral  authorities  both  in  this  and 
foreign  countries.  As  no  actual  damage  has  yet  been  discovered  so  far  as 
known  to  the  writer,  these  Investigations  are  necessarily  confined  to  labor- 
atory experiments.  The  following  abstracts  from  a  few  papers  give  a  ^Ir 
id^a  of  what  is  known  of  the  subject,  and  where  further  information  may  be 
obtained. 

The  UlHmate  Soltition  of  the  Eleotrolyeia  Problem  by  S.  P.  Okaob,  paper 
before  the  Pittsburg,  Pa.,  Branch  A.I.S.E.,  read  December  12, 1906: 

"  Our  many  hundreds  of  laboratory  tests  have  shown  us  that  the  electrol- 
ysis to  be  expected  from  alternating  currents  is  by  no  means  negUgfblo, 
and  that  while  ft  is  far  less  than  that  encountered  with  direct  currents,  in 
practice  we  should  anticipate  that  it  is  onlv  a  question  of  time  until  ita 
action  would  destroy  many  millions  of  dollars  of  underground  metallio 
structures.** 

From  transactions  of  the  Farady  Society,  Volume  I,  February,  1906,  Part  4. 
AltemaHnff'Charrent  Slectrolytie  as  shown  by  Oscillograph  Meoords, 
by  W.  B.  OOOPEB,  M.A.B.  Sc,  read  October  31,  1906: 

Photoffraphlo  reproductions  of  oscillograph  records  are  given  illustrating 
results  of  his  investigations.  The  author  also  gives  results  of  several  other 
investigators  of  this  subject. 

From  transactions  of  the  Farady  Society,  Volume  I,  August,  1906,  Part  3. 
AUemcUe  Cfurrent  Blectrolyeie  by  PBor.  BaKSflT  Wiuox,  paper  read 
July  8,  1906: 

The  author  gives  results  upon  dtfTerent  metals  at  different  f requanolas 
and  in  different  solutions,  and  begins  by  saving,  *<  It  is  well  known  that  If 
an  alternsrte  current  be  passed  between  metal  electrodes  in  an  eleotrolTte, 
electrolysis  may  take  place.'* 

The  Sleetrolyeie  Problem  firm  the  Cable  Mannfactwrere*  Stamdpainiy  by 
H.  W.  FiSHBR,  paper  before  A.  I.  E.  £.,  Pittsburg,  Pa.  Branch,  read 
December  12,  1906: 

"  My  experiments  have  not  been  very  comprehensive,  but  I  have  found 
under  certain  conditions,  destructive  electrolytic  action  may  occur  with 
alternating  currents  operating  at  a  frequency  o'f  00  cycles  per  second. 

The  solution  I  employed  for  the  electrolyte  was  water  containing  oonunosi 
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salt  and  salammoniao,  all  of  which  may  oeonr  In  and  around  duct  systems.  I 
found  that  with  a  current  density  of  0.1  ampere  per  sq.  in.  of  lead,  there 
was  no  eleetrolytio  action. 


Amperes  per  sq.  in. 
of  Surface. 

Lead  Destroyed  per 

Ampere,  per  hour, 

per  Bq.  in. 

3.04 
11.8 
17.9 

.004  Grammes. 

.136 

.237  •     " 

with  a  frequency  of  25  cycles  per  second,  the  alternating 

Aurrent  action  would  probably  be  greater  than  shown  by  my  tests.'*  This 
latter  statement  agrees  with  Prof .  Wilson's  tests  above  referred  to,  where 
l&e  si^s,  "  It  will  be  seen  from  the  table  that  the  total  diminution  in  weisht, 
which  was  equally  distributed  between  the  two  plates,  in  a  given  cell  is 
nearly  twice  as  great  at  low  frequency  as  it  is  at  high  frequency." 

Iftemediea.  —  Several  methods  have  been  suggested  for  counteracting 
the  evU  effects  of  electrolysis. 

7*he  innUated  metallic  circuit. 

The  underground,  known  as  the  "slotted  conduit,"  has  been  in  success^ 
fnl  practical  use  in  the  borough  of  Manhattan,  city  of  New  York,  some 
ten  years,  and  for  a  still  longer  time  in  the  city  of  Washington,  D.  C. 

The  double  overhead  trolley  has  been  in  successful  practical  use  in  the 
suburbs  of  the  dty  of  Washington  for  some  years,  and  in  the  city  of 
Cincinnati,  Ohio,  since  1889,  ana  more  recently  has  been  established  in  the 
city  of  Havana,  Cuba. 

fioth  outgoing  and  return  conductors  of  either  construction  are  insu- 
lated; where  there  is  no  connection  to  the  rails  or  ground  the  currents  which 
propel  the  cars  are  confined  to  their  respective  conductors,  coosequently 
no  damage  to  underground  metals  is  possible. 

Improved  Track  Return. 

Next  to  the  double  trolley,  this  method  is  probably  the  best,  although 
a  modifioation  of  the  trouble. 

In  some  cities  a  large  amount  of  copper  for  returns  has  beenjplaced  for 
this  purpose,  as  well  as  heavy  double  bonding  at  the  rail  joints.  The  expense 
invDlved  in  providing  copper  returns  sufficient  to  give  a  fair  degree  of  pro- 
tection to  isqains,  would  m  most  cases  be  considered  unnecessary  by  the 
railway  companies,  unless  compelled  by  law. 

Bondino  Main§  to  (he  Track  CireuiL 

fThis  has  been  done  in  some  cities  for  the  purpose  of  protecting  a  positive 
area  where  electrolysis  was  foimd  to  be  acute;  usually  this  is  near  a  power 
housa.     Some  effects  of  such  bonding  have  been  mentioned. 

While  this  may  protect  from  injury  the  immediate  area  where  such  con- 
nections are  made,  it  is  likely  to  aggravate  joint  corrosion  by  the  increased 
flow  which  has  been  pointed  out. 

HVeters.  —  A  remedy  for  exterior  dectrolysis  upon  meters  is  to  place 
ihenn.  in  iron  or  other  receptacles  under  a  sidewalk  where  they  will  be  free 
from  liquids  or  damp  soil.  Such  methods  are  used  in  the  cities  of  Cleveland, 
Ohio;  Hichmond,  Va.;  and  Louisville.  Ky.  Official  reports  show  in  such  case 
they  axe  in  no  danger  from  electrolysis,  or  from  freesing,  and  are  easily 
aocessible  for  reading,  and  removing  when  desired. 

MmmmktUiutt  J'^wta  In  Maine. — This  is  a  further  attempt  at  remedy, 
and  mueh  attention  has  been  given  to  this  phase  of  the  sumect  by  rail- 
way companies  in  Boston,  Mass.,  with  the  Metropolitan  Water  Works 
eoOperating. 

Tbt&  Metropolitan  Official  Report  dated  January,  1905,  contains  much 
infoffmatioB  on  this  and  other  attempts  to  stop  the  current  action  which 

■  .  -  I  -      -  -  in  I  — ^ 

e  In  this  ease  a  laree  hole  was  eaten  through  the  lead,  and  the  surface 
exposed  to  eleetrolytio  action  was  nearly  a  square  inch. 
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was  causing  great  damage  to  thmr  mains.  Sevwal  insulated  joints  hanre 
been  set,  and  are  found  to  be  fairly  efficient  in  arresting  the  flow  of  euireot 
through  a  main.  Usually,  however',  it  is  at  the  expense  of  diverting  flow 
into  other  mains. 

In  one  case  an  experiment  was  tried  of  two  joints  in  a  48-ineh  main,  one 
insulated  with  wood  and  the  other  with  rubber.     A  measurement  i^oade 
when  the  writer  was  present  showed  the  one  with  wood  insulation 
than  that  of  the  rubber  after  six  months'  use. 

The  following  sketch  will  illustrate  the  tests. 


POST  6CAEW 


^ 


No.  I  r 


WOOD 
INSULATION 


No.  2 


V 


RUBBER 
INeULATION 


V* 


Fro.  9. 

Ammeter  test  between  A  and  C  gave  60  to  110  amperes,  representing 
the  flow  if  there  were  no  joints.  Between  A  and  B,  flow  passing  throoi^ 
No.  2  (rubber)  0.6  to  1.0  ampere.  Between  B  and  C,  flow  passing  through 
No.  1  (wood)  0.1  ampere.  This  reading  should  not  be  taken  as  the  true 
value  for  all  cases  owing  to  varying  conditions.  The  efficiency  of  either  one 
for  stopmng  current  was  in  this  particular  case  very  good. 

Fig.  10  represents  a  pair  of  insulated  joints  ready  to  place  in  a  6-inch  main. 
They  are  made  up  of  wood  slats  driven  in  the  hubs;  a  flange  of  wood  rests  at 


Fro.  10. 


the  bottom  of  the  hub.  The  three  screw  posts  are  for  wires  which  are  led 
to  the  surface  for  testing  efficiency  of  each  joint. 

Fi^.  11  shows  the  same  joints  connected  in  the  main  at  the  bottom  of 
the  pit,  and  wirec  run  to  ammeter.  Before  the  pit  was  filled  in,  wires  were 
run  through  small  pipe  to  the  surface  of  the  street,  the  ends  b^ng  seeored 
by  cap,  for  future  testing. 

A  test  with  low  reading  ammeter  failed  to  show  any  sign  of  current  pass- 
ing through  either  joint,  when  first  set.  After  two  years  one  joint  shows 
leak  of  0.1  ampere;  the  other  perfect,  short  circuit  around  both  joints  shows 
6  amperes. 

A  water  pressure  of  1 10  lbs.  to  the  square  inch  was  put  on  this  main,  and 
neither  joini  leaked.  Two  joints  were  used  in  case  one  failed,  and  to  pio- 
▼ide  oppprttmity  for  testing  efficiency  of  either  one. 

Experience  in  Boston  is,  joints  of  wood  are  preferable  to  those  of  rubber. 


burlap 


on  the  ground  of  expense,  and  equally  efficient  for  stopping  eurrent  flow. 

Surface    Insulation.  —  Wrapping    a    48-inch  main   with 
saturated  with  asphalt   cement   appliea  hot,  is  another^  attempt  to  stop 
electrolytic  action  near  a  power  house. 

After  two  years'  trial,  results  show,  after  careful  examination,  this  metliod 
to  be  unsucceesful,  and  it  has  been  abandoned.  This  class  of  insulation  has 
long  been  known  by  eleotrioians  to  be  no  protection  to  metdU  vthtrt  eybitti  to 
vmiinval  moUtvr: 
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li*  nuy  be  by  wsy  of  other  tracks,  by  nay  of  UDderEround  mmtis,  or  by 

3.  BondLoff  rails  to  majna  ajt*aya  jnvitn  hcaviw  flow  of  currvota  to  tbQ 
maiiu.  with  oorrapoodtng  incroaae  of  damo^  at  joints. 

4.  A]]  flotmbJishnuntfl  rruumfActaring  or  carrying  explosivca  should  ba 
ofMn  fEounined,  particuJvly  if  contiguoun  to  elennc  njlwsys.  and  if  metal 
[ilH  of  aoy  kindpaai  to  theto  the  paining  of  «trmyine  curmita  into  and 
tlVDUah  nioh  wtabGahmenls  is  quits  passible  and  oftentrm»  dangerous. 

offics  buildings,  bridEa,  etc.,  from  electiotytic  action  should  be  well  oon- 
ndertd  before  their  construction  and  occosionnll}'  Icsted  ufler  constmclion. 

5.  Carmat  SwapplBr-  —  The  muse  for  cuirent  swapraDg  between 
railway  tracks  ihould  r>e  nriuht  out  and  removed  where  posaible,  eapecially 

miductorG  to  their    detriment.      In    one  cufla   bonding  of  Irarks  oE  two 
companies  togolber  afforded  relief. 

not  flow  in  some  :&ses.  but  often  at  Che  expense  of  lUvBrting  it  (o  other 

S.    No   complete  cure  tor  elaotnilyaa  hai  bean  dUooTwed  where  th* 


TRANSMISSION  OF  POWBB. 

Bbyibkd  bt  F.  a.  G.  Pebkinb. 

The  term  "  Trantmisnon  of  Power"  as  used  by  electrioal  engineers,  has 
oome  to  have  a  oonyentional  meaning  whiob  duferentiatee  It  from  what 
must  be  considered  Its  full  meaning.  Any  transmission  of  electric  oorrent, 
for  whateyer  practical  purpose,  whether  for  lighting,  heating,  traction,  or 
power-driving,  must  of  course  be  a  transmission  of  power ;  but  the  conTen- 
tioual  meaning  of  the  term  as  now  used  hj  electrioal  engineers  and  others 
eliminates  many  of  these  objects,  and  is  held  to  mean  simply  the  trans- 
mission of  electric  current  from  a  more^r  less  distant  point  or  station  to  a 
center  from  which  the  power  is  distributed,  or  to  power  motors  at  different 
I>oints  in  a  factory  or  other  installation.  While  the  distances  orer  which 
electric  current  is  transmitted  for  arc  lighting  in  some  laige  cities  and  in 
many  small  places  far  exceed  the  length  of  line  of  the  ordinary  or  average 
power  transmission,  yet  the  former  is  never  alluded  to  as  transmission  of 
I>ower.  The  same  condition  obtains  with  traction,  the  transmission  of  cur- 
rent covering  miles  of  territory,  and  yet  it  is  only  alloded  to  as  power 
transmission  when  the  current  is  transmitted  from  a  central  point  to  vari- 
ous sub-stations  from  which  it  is  distributed. 

Many  engineering  features  of  transmission  qf  power  will  be  found  treated 
under  the  separate  neads  in  their  respective  ohaptwst  '^^  ^o  following  is 
a  short  risumi  of  the  subject  matter. 

Structural  conditions  and  material. 

MotlTe  Power. 

Water  power :  Turbines,  etc. 
Steam  power :  Boilers  and  appliances. 
Engines  and  appliances. 
Shafting  and  pulleys. 
Belting  and  rope  drive. 


Dynamos :  Direct  current. 

Alternating  current. 
Double  current. 


imlitlBir  i^ppllancea* 

Switchboards. 

Transformers,  step  up. 

Botarles. 

Cables  and  polclines. 

Ck>nduits,  etc. 

]Hatrtl»attBg>  ApplUusoea. 

Sub-stations  and  terminal  houses. 

Transformers,  step  down. 

Switchboards,  high  tension  and  secondary. 

Botary  converters. 

Direct  current  motors. 

Synchronous  motors. 

Induction  motors. 

Frequency  changers. 

Distributing  circuits. 
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Much  hma  been  written  regarding  the  relatlre  yalnee  of  the  dlfferen 
methods  of  transmitting  power,  and  comparison  is  often  made  between  th' 
following  types,  i.e., 

a.  Wire  rope  transmission. 

b.  Hydraolio  transmission,  high  pressure, 
o.  Hydranllo  transmission,  low  pressure. 
d.  Compressed  air  transmission. 

s.  Steam  distribution  for  power. 

/.  Gas  transmission. 

g.  Eleotrioal  transmission. 

All  of  the  first  six  methods  listed  hare  so  many  limitations  as  to  distanee, 
ef&cienoT,  adaptability,  elasticity,  etc.,  that  eleotrioity  is  fast  becoming  the 
standard  method.  Tue  matter  of  efficiency  alone  at  long  distances  is  one 
of  the  best  arguments  in  its  faror,  and  we  take  from  Prof.  Unwin's  book, 
"  Derelopment  and  Transmission  of  Power,"  the  following  table  of  the  effl- 
eleneles  such  as  hare  been  found  in  practice. 


System. 


Wire  rope 

Hydraulio  high  pressure 

Hydraulic  low  pressure ...... 

Pneumatic 

Pneumatic  reheated  rirtusJ  efficiency 
Electric 


Per  Gent  Efficiency  at 


Full  Load 

Half  Load 

96.7* 

93.4* 

66 

46 

60 

60 

61 

44 

76 

04 

73 

66 

For  short  distances  out  of  doors,  transmission  by  wire  rope  is  much  used 
both  in  the  United  States  and  Europe,  and  where  but  few  spans  are  neoes- 
•arr,  say  less  than  four,  it  is  obvious  that  the  efficiency  is  yery  high. 

Hydraulio  transmission  is  in  considerable  use  in  England,  but  except  for 
•lerator  (lift)  senrloe  is  in  little  use  in  the  United  States. 

Pneumatic  transmission  is  in  wide  use  in  Paris,  but  not  so  for  general 
distribution  In  the  United  States,  although  for  shop  transmissions  ror  use 


has  been  pushed  forward  by  so  good  talent,  a  not  small  factor,  that  its  pro- 
gress and  growth  have  been  simpW  phenomenal.  In  one  place  alone,  that 
of  trayelinff  cranes  for  machine  snops,  it  has  revolutionised  the  handling 
of  material,  and  has  cheapened  the  product  by  enabling  more  work  to  be 
done  by  the  same  help.  Indeed  the  great  increase  in  size  of  units  which  is 
•noh  a  distinguishing  characteristic  of  modem  engineering  has  been  ren- 
dered possible  by  tM  eapaoity  of  the  electric  traveling  crane  for  lifting 
great  weights. 

JUwtric  Power  TranmnUaUm  may  be  divided  into  two  classes,  i.e.,  long 
distance,  for  which  high  tension  alternating  current  is  exclusively  used ; 
and  local  or  short  distance  transmission,  for  which  either  direct  current  or 
polyphase  alternating  current  are  both  adapted,  with  the  use  of  the  former 
largely  predominating  owing  perhaps  to  two  factors:  a,  the  much  earlier 
dovelopment  of  direct  current  machinery,  and  b,  to  the  fact  that  a  large 
niunbcnr  of  manufacturers  are  engaged  In  the  building  of  direct  current 
maehinery.  Both  types  of  eurrent  have  their  special  advantages,  and 
engineering  opinion  is,  and  will  probably  remain,  divided  as  to  wnioii  has 
the  greater  vslue. 


*  Per  span. 
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Long  dittance  transmission  is  now  accomplished  br  both  thre»-phas« 
three-wire,  and  by  the  two-phase  four-wire  systems,  with  the  former  pre- 
dominating for  the  greatest  distances,  owing  to  economy  of  copper. 

Svery  case  of  electric  transmission  presents  its  own  problem,  and  needs 
thorough  engineering  stady  to  decide  what  system  is  best  adapted  for  the 
particular  case. 

Limitationt  of  Fo^ta^/e.— While  10,000  Tolts  pressure  was  used  with  some 
distrust  for  a  time  previous  to  1898,  since  that  time  Toltages  up  to  70,000 
volts  have  been  and  are  still  in  use  with  substantial  satisfaction,  and  plants 
using  voltages  of  80,000  and  100,000  are  under  construction. 

Properly  designed  glass  or  porcelain  insulators,  made  of  the  proper 
matenal  and  tested  under  high  pressure  conditions,  cause  little  trouble 
from  puncture  or  leakage.  The  latter  is  its  own  cure,  for  the  reaeon  that 
the  leakage  of  current  over  the  surface  of  the  insulator  dries  up  the  mois- 
ture. Dry  air,  snow,  and  rain-water  are  fairlygood  insulators,  and  offer  no 
difficulties  for  the  ordinary  high  voltages.  JDlrt,  carbon  from  locomotive 
smoke,  dust  from  the  earth,  and  such  foreign  material  tliat  may  be  lodged 
on  the  insulators,  are  sure  to  cause  trouble.  In  the  West  and  some  sections 
of  the  East  many  insulators  are  broken  by  bullets  fired  by  the  omnipresent 
marksman. 

At  the  lower  voltages  glass  makes  a  satisfactory  insulator,  as  the  eye  can 
make  all  necessary  tests j  but  it  is  so  fragile  that  porcelain  is  more  com- 
monly used*  It  is  not  safe  to  accept  a  single  porcelain  insulator  without  a 
test  with  a  pressure  at  least  twice  as  great  as  that  to  be  used. 

Mr.  Ralph  D.  Mershon  of  the  Westinghouse  Electric  &  Manufacturing 
Company  made  a  long  series  of  tests  at  Telluride,  Col.,  on  the  high-pressure 
lines  in  use  there.  With  a  No.  6  B.  &  S.  copper  wire  he  found  that  at  50,000 
volts  there  will  be  a  brush  discharge  or  leakage  from  one  wire  to  the  next 
that  can  be  seen  at  night,  and  makes  a  hissing  noise  that  can  be  heard  a 
hundred  feet  or  more.  This  brush  discharge  begins  to  show  at  about  20,000 
volts,  on  dark  nights,  and  increases  very  rapidly,  as  does  also  the  power 
loss  at  50,000  volts  and  higher.  This  loss  depends  upon  the  distance  apart 
of  the  conductors  and  their  size.  For  these  reasons,  wires  should  be  kept 
well  apart  and  be  of  as  large  size  as  other  properties  will  allow. 

The  wave  form  of  E.M.F.  used  also  influences  the  brush  discharge,  being 
the  least  in  effect  for  sine  wave  curves  of  E.M.F.,  and  being  much  increased 
by  the  use  of  the  sharp,  high  forms  of  curve. 

In  regard  to  the  frequenev  to  be  adopted  for  power  transmission,  one  has 
to  be  governed  by  the  case  in  liand,  and  the  commercial  frequencies  avail- 
able at  economical  cost. 

APCCIAX.  fCATlURfiS  OF  DESXAlf  DUS  TO  TAJLIT*- 
MILASILOltf  I^IlffC  ncaUUKMCJVXA. 

While  the  general  requirements  for  the  design  of  a  pow^  plant  and  line 
for  long  distance  power  transmission  are  practically  similar  and  theoreti- 
cally i&ntical  witn  those  for  other  electrical  installations,  at  the  same  time 
special  features  are  important.  These  are  due  to  the  character  of  serriee 
required,  the  size  of  the  plants,  high  voltage,  and  location  of  the  plants. 
The  general  features  of  design  have  already  been  considered  in  this 
book,  and  a  short  resum^  is  given  on  page  864.  Below,  attention  is  called 
to  special  requirements  to  be  considered  in  power  transmission  imtal- 
latlons. 

Bntldlnpi.— Transmission  generation  stations  are  commonly  located 
in  relatively  inaccessible  locations,  and  the  size  of  unit  Is  therefore  limited, 
whereas  the  total  capacity  of  the  station  may  be  great  and  the  current  is 
transmitted  at  high  potential. 

Transportation  and  labor  conditions  must  be  carefully  studied,  aa  the 
neglect  of  this  precaution  may  readily  involve  an  underestimate  of  no  lea 
than  26%,  and  has  often  so  resulted  in  estimates  otherwise  correct.  This 
is  especially  true  as  regards  the  use  of  patented  or  special  building  con> 
structlon,  which  might  result  in  savings  where  competent  workmen  are  to 
be  had,  but  which  actually  result  in  excessive  cost  where  the  amount  of 
work  to  be  done  is  not  sufficient  to  import  men  familiar  with  the  type  of 
constructloiu 
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llj>aM  TTin  buildingB  sboiild  be  entirely  fireproof,  mod  wbereaa  thii 
le  easily  taken  care  of  by  aroidlng  wood  altogether  in  the  interior  oonatrno- 
tion,  lapportB  and  valla  of  the  boilding,  a  mistake  is  often  made  In  choos- 
ing a  roofing  which  must  be  laid  upon  planks.  Saoh  construction  has 
frequently  resulted  in  disastrous  fires  at  power  plants  otherwise  inde- 
structible. 

HetttlMC.— Where  temperatures  do  not  fall  to  less  than  10^  F.  the 
waste  of  energy  from  the  machines  is  commonly  sufflcient  for  heating ; 
where  lower  temperatures  are  encountered,  special  provisions  must  be 
made  for  heating.  Boilers  for  steam- or  water-heating  fired  in  cellars 
accessible  from  the  outside  of  the  building  only  are  the  best. 

Oatl«tii  for  Hig'Ik-TeBalon  ll¥lr«e.— In  buildings  where  the  tem- 
perature falls  below  freezing,  sewer  pipes  with  large  openings  for  high- 
tension  wire  outlets  should  not  be  used  on  account  oz  the  exoeesire  draft 
through  these  openings.  A  number  of  systems  for  high-tension  wire  out- 
lets are  described  in  Tran^aetiont  of  American  InsiitutB  of  EleetriccU 
EngineerSt  Vol.  22,  p.  313 ;  YoL  38,  p.  578 ;  Vol.  25,  p.  866.  Special  methods 
for  carrying  out  some  of  these  plans  haye  been  designed  and  are  described 
in  the  catalogues  of  the  porcelain  insulator  manufacturers. 


boring  enclosure  especially  erected.  Arresters  are  to  be  considered  as  a 
means  for  preventing  line  disturbances  entering  the  power  house  in  any 
manner.   ' 

Scpawrti«y  C^enemtor  »nd  Traaaformer  Ilooma.— The  only 
reason  for  attempting  to  separate  generator  and  trahsformer  rooms  is  on 
account  of  the  oil  contained  in  the  transformers  which  may  become  the 
source  of  fire  hasard.  If,  however,  the  oil  transformer  is  properlv  enclosed, 
separate  buildings  are  unnecessary.  See  Trcuuactiona  q/  Amefioan  Iruti' 
Me  ftf  Electrical  EngineerSt  Vol.  23,  p.  171. 

jLnxillarj  BolldlngiM.  —  No  estimate  on  an  isolated  transmission 
power  house  is  complete  which  does  not  include  booses  for  the  married 
employees,  a  central  mess  house  with  reading  room,  assembly  room  and 
ofBces,  and  stables  for  the  accommodation  of  horses.  Unless  these  features 
are  properly  taken  care  of,  it  will  be  diflicult  to  retain  satisfactory  em- 
ployees and  to  operate  the  plant  economically  and  continuously. 

IVater  Pttwer.— Load  factor  and  total  capacity  are  closely  related 
in  questions  of  design  and  revenue. 

Tne  effect  of  yearly  load  factor  on  revenue  is  shown  by  the  curves  below. 

By  reducing  all  yearly  load  rates  to  a  K.W.H.  basis  we  are  enabled, 
through  the  use  of  these  curves,  to  determine  the  total  revenue  to  be 
derivM  when  we  know  the  total  yearly  K.IY.H.  that  any  variable  water 
Bxtpply  may  sell  when  applied  to  the  operation  of  any  set  of  variable  loads, 
ana  hence  the  value  to  the  plant  of  an  annual  storage. 

In  variable  loads  there  is  a  variation  in  the  daily  load  factor  as  well  as  in 
the  annual  load  factor. 

ST01IA«S  IVBSSJRVOnftS. 

Apart  tfWk  PUmt.— These  reservoirs  serve  to  aid  in  properly  sup- 
plying variable  annual  load  factor,  but  on  account  of  plant  distance,  cannot 
take  care  of  daily  variation  in  load  factor. 

A4|siceat  to  Plaat.— When  a  dally  variation  of  load  factor  is  to  be 
met,  revenue  may  be  Increased  bv  reservoirs  near  the  plant  that  may  be 
ealled  upon  for  conserving  water  flowing  at  low  power  periods  and  deliver- 
ing It  at  peaks,  which  cannot  be  done  by  distant  storage. 

AaxlUsftry  Power.  — The  value  of  anv  plant  should  be  based,  not 
upon  the  total  maximum  or  minimum  capacity,  but  upon  the  K.W Ji.  sala- 
ble, and  in  obtaining  the  maximum  K.w.H.  capacity  it  is  often  possible  to 
Inorease  this  by  auxiliary  machinery  to  be  used  at  the  low  water  periods  or 
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■t  psiiodi  ol  cnatomar'i  p«ak.    Scgleotlns  tba  itodTof  this  taatorid 

riBiilH  In  HtlmatM  of  plut  Tslna  nnnscaumrUT  lov. 

Aoiillftn'  power  mnT  b«  obtalnsd  Irom  Bteun,  water,  or  gu,  •■  li  abt 
■bl«  at  the  most  aatlgfactorf  coat,  not  neceaurlly  the  lowHt  pries, 
moat  utlifMtot;  oo«t  1>  that  whl  ii  rtelda  thg  paMMt  anniul  K.V.H. 
OQtpat  trom  the  totkl  p  ant  at  the  lowaat  ccwt. 


s    a    ;    s    R    B   a    - 
Carre  tor  redadDg  poat  ol  power  per  niailmam  hone-power  pw 


—  CoDttroctlDn  of   ddk 

„ rally  Iha  ohup«t  laelhDd  where  w&terli  to  be  cattied  » loaf 

dlitaooe  o*er  groond  IiUrW  DniConn  and  oapable  ot  being  mads  tMit. 
Dltchaa  arc  dlatlngnlahed  from  canali  malnlr  br  gtis  ;  the  t«in  '■  eual- 
bslng  ai^lied  to  Urge  open  water  catiiera.andtapartlcnlarlj  applied  vhm 
the  tldea  And  bottom  are  rvUi^oroed  for  rednalng  oiotlon  or  "^■^ntalntrif  the 
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stroctnre.  Where  groiuid  is  of  saoh  eb*raoter  m  indaoes  leakage,  or  where 
•nrfaoe  evaporation  is  exoeesive,  it  is  neoeasary  to  oarry  water  through  pipes 
or  through  enclosed  oondoits.    In  such  case  the  conduit  is  run  fall  and  under 

{tressure,  which  means  that  the  top  of  the  conduit  must  always  lie  below 
he  hydraulic  gradient.  Economy  in  construction  is  obtained  by  running 
elose  to  the  hydraallo  gradient  and  concentrating  the  fall  near  the  power 
house. 

Plp«  Iilnes  •r  Peniitticka. — Pipe  lines  near  the  power  house,  where 
a  rapid  fall  greatly  exceeding  the  slope  of  the  hydraulic  gradient  is  allowed 
for  useful  head,  are  generally  called  penstocks.  Such  lines  are  built  at  as 
rapid  a  fall  as  possible  and  constructed  of  Tarious  thicknesses  or  strengths 
to  conform  to  the  increased  water  pressure. 

Viah  liadidere.  — In  all  streams  where  there  are  any  flsherieB  or  where 
the  goTemment  is  introducing  spawn  or  small  fish,  the  law  requires  the  use 
of  flih  ladders,  which  must  be  included  in  the  estimate  on  any  such  plant. 
No  standard  type  of  ladder  has  eyer  been  permanently  adopted,  and  the 
eonstmction  must  depend  upon  the  character  of  fish  they  are  intended  to 
senre.  Salmon  will  go  up  Isuiders  requiring  jumps  of  from  two  to  four  feet; 
bat  smaller  fish,  shad,  trout,  etc.,  must  be  proviued  with  ladders  with  Jumps 
not  over  one  foot.  These  ladders  consist  of  flume  boxes  risins  from  the 
rlrer  to  the  point  above  the  dam,  e&oh  box  rising  slightly  above  the  preced- 
ing one  from  the  river,  and  each  allowing  a  relatively  quiet  flow  near  tilie 
dam  into  the  next  one. 

■fleet  ef  Allt  •»  Stonig«*  —  Most  streams  oarry  more  or  less  silt. 
and  have  been  known  to  carry  as  high  as  13  tons  of  silt  per  second  foot  of 
water  per  day.  Under  such  circumstances  the  capacity  of  the  storage  is 
often  reduoea,  and  where  such  conditions  are  encountered,  only  a  small 
proportion  of  the  total  storage  area  can  be  relied  upon,  unless  special  means 
are  provided  for  removing  the  silt.  Dams  will  fill  less  rapidly  with  silt  if 
the  surplus  water  during  floods  is  carried  olf  through  the  bottom  of  the 
dam  rattier  than  over  the  crest. 

Chelce  ot  Head.— It  is  an  error  to  subdivide  heads  which  are  not' 
more  than  2^000  feet  in  h^ght,  since  pipe  can  be  readily  obtained  to  handle 
2,000  feet  head,  and  sub-division  of  the  head  not  only  increases  the  cost  of 
installation,  but  also  the  cost  of  operation.  This  is  true,  not  only  for  high 
heads,  but  for  low,  as  the  building  of  a  high  dam  in  place  of  two  low  ones 
more  tlian  doubles  the  available  storage.  Exception  to  this  is  when  rela* 
tively  constant  load  is  to  be  operated,  in  which  case  the  increase  of  storage 
does  not  Increase  the  total  yearljr  K.  W.Hs.,  and  the  cost  of  the  high  dam, 
which  is  about  double  that  for  two  low  dams,  is  unwarranted.  Here,  as 
always,  the  construction  of  the  plant  should  depend  upon  the  total  yearly 
K.W.H8.  salable,  without  especial  reference  to  the  total  yearly  K.W.Us. 
available  for  sale,  unless  it  may  definitely  be  shown  that  the  surplus  yearly 
K.W.HS.  salable  at  the  time  of  construction  can  be  increased  by  reason  of 
haTing  a  greater  available  quantity  of  energy. 

■aumate  of  IVater. — Exoeptim^at  the  head  waters  of  streams  or 
where  an  actual  gauginff  is  obtainable,  it  is  unwise  to  estimate  any  stream 
in  the  United  Sciates  m  a  minimum  greater  than  .25  per  second  foot  per 
square  mile  of  drainage  area.  In  the  east  and  south  this  minimum  is  pro- 
duced by  the  summer  <fat>u£ht,  which  is  also  true  on  the  Pacific  Coast.  In 
the  west  and  north  this  mmlmum  is  produced  by  the  cold  winter  weather 
when  the  streams  are  frozen  and  flow  diminished  below  that  of  any  other 
period  of  the  year.  The  best  <y timate  of  water  flow  can  be  obtained  where 
accurate  gaugings  have  been  made  bv  a  careful  and  experienced  govern- 
ment office.  Even  these  must  be  modified  by  a  study  of  the  local  conditions 
and  of  the  rain  fall.  Where  gaugings  for  a  considerable  period  of  time  are 
not  obtainable,  an  approxiaiate  estimate  of  the  water  flow  can  be  obtained 
by  a  study  of  the  rain  fall  and  then  compared  with  gaugings  in  a  similar 
locality,  tuough  the  extreme  minimum  cannot  be  obtalnea  in  this  manner, 
and  a  minimum  considerably  below  that  Indicated  by  the  rain  fall  should 
betaken. 

Cottl  Pevrer.— Coal  power  fur  transmission  is  only  practical  in  one  or 
two  conditions;  First,  where  waste  coal  is  obtainable  ;  and  secondly,  where 
inaccessible  coal  can  be  marketed  by  transmission.  Coal  is  primarily  a 
domestic  fuel  and  material  for  chemical  reduction.  Its  continued  use  for 
power  is  only  a  question  of  relatively  few  years,  excepting  where  coal  can 
be  obtained  which  is  not  adapted  to  other  purposes,  or  where  it  cannot 
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readily  be  made  available  by  otber  means.  As  an  auxiliary  power  material 
It  Is  well  adapted  for  supplementing  the  deficiencies  of  water  power  plants, 
or  for  handluxg  the  peaks  of  loads*  thereby  enabling  a  greater  total  yearly 
K.W.H.  output  from  any  glren  iustollatlon. 


Vreqiienctea.— This  subject  Is  much  confused  at  the  present  time. 

Twenty-flre  cycles  has  been  a  standard  frequency  for  power  work  as  It  to 
well  adapted  to  use  of  the  present  type  of  synchronous  rotary  oonTerter. 
It  has  never  been  well  adapted  to  lighting  work  or  to  the  Induotion  motor, 
and  at  the  present  time,  with  the  strong  development  of  single-phaee  rail- 
road working,  it  is  a  questionable  frequencv  for  that  service.  A  frequency 
of  60  cycles  is  perfectly  adapted  to  all  lighting  needs,  motor  generator 
sets  for  conversion  to  direct  current,  and  for  Inductor  motor  converters,  as 
well  as  the  newer  types  of  synchronous  rotary  converters.  The  effect  of 
Increasing  the  Impeaanoe  of  the  line  at  60  cycles  has  not  given  added 
trouble  over  that  found  when  low  frequeixies  are  used,  exoeptini^  In  the 
case  of  lines  delivering  over  10.000  R.W.  In  any  case  of  transmission  the 
frequencies  must  be  determined  by  the  market  to  oe  served,  both  for  the  in- 
mediate  future  and  the  distant  future,  where  power  is  available  to  ooa- 
template  Increased  development.  A  cnoioe  of  frequency  different  from 
00  cycles  must  be  well  warranted  by  the  circumstances,  or  not  adopted. 

Voltage.  —  Direct  generation  of  high  voltage  should  not  be  oontem- 
plated,  excepting  where  the  present  and  future  market  can  be  reached  at 
not  over  600  voUs  per  mile.  When  direct  generation  Is  not  contemplated, 
standard  2300  volt  generation  ia  to  be  preferred,  unless  the  plant  to  be  in- 
stalled contains  great  capacity,  in  which  case  0600  volt  generation  is  pref- 
erable. 

Reralation.— Close  regulation  for  Inductive  loads  should  at  aU  times 
be  preferred,  but  in  large  stations,  where  the  load  is  relatively  steady,  it 
should  be  remembered  that  a  change  to  1,000  K.W.  on  a  10,000  K.  W.  »na<*<»<>y* 
represents  only  one-tenth  the  variation  of  what  the  same  change  in  load 
means  in  a  1,000  K.W.  machine. 

Ape«d. — High  speed  is  always  preferable  in  power  houses  tot  tranamls- 
slon  work.  It  snould  be  rememoered,  however,  that  for  impulsewheels  the 
correct  speed  of  the  wheel  buckets  is  about  one-half  spouting  veloeftr  of 
the  water,  and  in  consequence,  all  machinery  should  be  instafled  to  aliow 
a  speed  practically  equu  to  full  spouting  velocity  of  the  water  when  the 
load  goes  off. 

For  turbine  wheels  the  speed  is  approximately  70%.  the  spouting  velocity 
of  the  water,  and  for  no  load  does  not  increase  more  than  50%. 

ftlse  of  iTntts.— While  larse  sized  units  are  preferable,  nnits  shoold 
not  be  chosen  which  are  greatly  underloaded  for  long  periods  of  the  day, 
nor  should  units  be  adopted  which  do  not  allow  the  installation  of  at  least 
one  spare  at  the  maximum  load. 

Use  of  Direct  Cnrreat.  —  In  the  United  States  direct  current  to-day 
is  practically  unused.  In  Europe  it  is  somewhat  used  in  Italy  and  Switaer- 
land.  The  success  obtained  by  the  use  of  direct  current  where  it  has  been 
employed,  and  the  recent  developments  in  the  design  of  direct  current 
machines  warrants  its  future  employment,  bu^  as  direct  current  is  only  used 
in  constant  current  circuits  the  line  loss  is  constant,  and  is  only  warranted 
where  there  is  constantly  flowing  a  surplusage  of  water  whicn  cannot  be 
conserved. 

!UiAir«Hmxnr«  apjpahatits. 

AwftcMM»sivda«>-For  transmission  plants  which  nm  to  very  high  line 
voltage,  it  is  preferable,  even  in  comparatively  small  stations,  to  tnsMll  the 
high  tension  oil  switches  in  such  a  manner  as  will  not  tend  toward  the 
destruction  of  the  plant  should  they  fail  and  bum.  The  lower  tension  gen- 
erator switches  may  be  installed  in  the  line  of  generator  leads  without 
attempting  to  bring  the  generator  leads  to  one  central  point  for  rchdistribch 
tion  ox  the  current  from  that  point.    These  provisions  can  be  carried  out  by 
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means  of  the  installation  of  centrally  located  distant  control  switches, 
while  keys  or  switches  are  installed  for  operating  the  high  and  low  tension 
switches,  without  bringing  any  current  abore  UO  YOlts  to  the  operating 
board. 


Mafle  •¥  MvlM-PhsMC  —  In  large  installations  multi-phase  tran»- 
fbrmers  reduce  the  number  of  units  to  be  taken  care  of  and  the  complexity 
of  the  wiring.  In  the  smaller  installations  they  involve  a  greater  pro- 
portion of  spare  units.  Accordingly  multi-phase  transformers  are  to  be 
considered  preferable  to  single  phase,  excepting  where  their  size  calls  for 
too  much  added  machinery  in  the  spare  units. 

Protectt^n  tsmiauit  JFIre.— A  large  majority  of  the  transformers 
used  in  transmission  plants  to-day  are  oil  filled.  Experience  seems  to 
indicate  that  this  does  not  Increase  the  fire  hazard,  ezceptlne  in  so  far  as 
this  is  due  to  the  presence  of  a  large  quantity  of  oil.  When  oil  can  be  kept 
«ool  and  within  the  cases  of  the  transformers  it  does  not  increase  the 
Are  risk.  It  may  be  kept  cool  bv  circulating  water  rapidly  through  the 
oooling  coils  in  the  transformers,  though  a  separate  enclosure  of  each  trans- 
jformer  within  a  space  where  water  may  be  sprayed  on  the  outside  of  the 
oase.  or  the  enclosure  filled  with  water,  is  a  surer  means  than  that  of 
relyinff  on  the  circulating  pipes,  whenever  any  serious  accident  has  occurred. 
Acooroingly  transformers  snould  be  enclosed  where  water  can  readily  fiow 
on  them  without  damaging  the  remainder  of  the  machinery.  Transformers 
through  which  the  oil  is  circulated  and  the  oil  cooled  outside  the  trans- 
formers constitute  a  greater  fire  hazard  than  those  in  which  the  water 
droulating  coils  are  immersed  in  the  oil  within  the  case. 

Another  way  is  to  provide  a  laree  tank  into  which  the  oil  from  the  trans- 
formers may  be  drained  in  case  ox  fire. 

nigrht  of  If  AT.  —  For  high  tension  work  private  rights  of  way  are 
to  be  preferred  ana  result  in  final  economv  in  operation.  Bights  of  way 
adjacent  to  steam  railroads  result  in  difficulty  with  the  insulation  on 
•eoount  of  the  coal  smoke  and  are  not  to  be  sought.    It  is  not  generally 

Firaotical  to  obtain  a  right  of  way  so  wide  that  in  case  the  pole  or  tower  line 
aU  it  will  fall  entirely  within  the  right  of  way.  Width  of  from  60  to  100 
feet  is  entirely  practical,  provided  the  additional  right  is  given  to  cut 
diseased  trees  within  an  additional  60  feet  on  either  side  of  the  right  of  way. 
Character  of  construction  has  already  been  described  under  the  following 
headings :  Wood  poles,  towers,  cross-arms,  pins,  insulators,  attachment  oS 
inaulators. 
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Reviasd  by  Lamak  Lyndon*. 

■1«aft«Bte.  —  The  form  of  storace  battery  now  in  geoeral  use  is  that  in 
which  the  electrodes  are  of  sponse  lead  (rb)  and  lead  peftudde  (FbQi) 
which,  when  immersed  in  dilute  sulphuric  aoia,  form  a  voltaic  couple.  Its 
action  differs  in  no  wise  from  that  of  the  ordinary  primary  batteiy,  exoept 
that  when  it  has  given  out  all  the  energy  that  the  chemicals  present  enaoM 
it  to  supply,  instead  of  having  to  put  in  new  chonicals,  the  cell  can  be 
regeneratea  or  brought  back  to  its  original  condition  by  nassing  curreat 
into  it  in  a  direction  opposite  to  that  in  which  the  flow  took  place  on  dis- 
charge. Obviously,  there  are  many  combinations  which  can  be  used  as 
storage  batteries,  out  with  the  exception  of  the  lead-eulphurie  add  batten^, 
none  has  proven  oonmiercially  practical,  unless  it  be  possibly  the  E<£aoB 
buttery,  which  has  latelv  appesJwd.  This  battery  has  for  one  of  its  ele^ 
trodes.  nickel  oxide,  and  for  the  other,  findy  divided  iron  or  iron  t^iij* 
these  being  immersed  in  a  solution  of  sodium  hydrate.  Up  to  the  present, 
however,  these  cells  have  not  been  used  for  power  work,  and  therelore  the 
discussion  will  be  confined  to  the  lead  battery. 

The  plate  on  which  the  lead  peroxide  is  carried  is  termed  the  positive 
plate,  and  the  lead  sponge  plate  is  termed  the  negative,  the  reason  being 
that  on.  discharge,  current  nows  from  the  lead  peroxide  plate  and  returns 
to  the  battery  via  the  lead  sponge  plate.  The  condition,  however,  is  the 
opposite  of  this  inside  the  cell,  as  the  cumnt  flows  from  the  lead  sponge 
plate  to  the  lead  peroxide  plate.  Therefore,  considered  as  a  voltaic  coupfe, 
the  lead  sponge  plate  is  the  positive;  considered  as  a  source  of  etoctrio 
current,  however,  the  lead  peroxide  plate  is  the  posftive,  since  it  is  from 
this  ^ectrode  that  the  current  flows  out. 

Vli«orl«s. — The  first  and  oldest  theory  U  that  on  discharge  hydrogen, 
which  is  released  at  the  lead  peroxide  plate  (PbOa),  combines  with  some  of 
the  oxygen  in  the  peroxide,  forming  water,  and  reducing  the  oxidisation 
of  the  PbOf  by  one  molecule  of  oxygen,  brining  it  to  a  state  of  lead  oxide, 
or  PbO.  At  the  sponge  lead  plate,  oxygen  is  released  (these  released  gases 
ooming,  of  course,  from  the  electrolytic  decomposition  of  the  water  in  the 
electrolyte),  and  this  oxygen  (O)  oomlxnes  with  the  sponge  lead  (Pb).  and 
oxidises  it,  causing  it  also  to  become  lead  oxide  (PbO).  Thus  the  two 
plates  tend  to  approach  the  same  chonical  composition.  If  lead  oxide 
(PbO)  be  immersed  in  sulphuric  acid,  it  will  be  chemically  attacked,  inde- 
pendently of  any  current  now,  and  change  into  lead  sulphate,  the  chemical 
reaction  being 

PbO  +  H^04  -  PbS04+HjO. 

Thus  the  active  material  on  both  the  plates  tends  to  i4>proach  the  condi- 
tion of  lead  sulphate. 

On  charge,  the  reverse  condition  takes  place,  the  hydrogen  being  rrlraord 
at  the  n^:ative  plate  and  the  oxygen  being  released  at  Uie  positive,  the 
hydrogen  rediicin|c  the  oxide  in  the  negative  plate  and  canying  it  back  to 
its  original  condition  of  sponge  lead,  and  the  oxygen  at  the  positive  increas- 
ing the  oxidization  of  the  positive  plate  and  returning  it  to  its  condition  of 
lead  peroxide.  PbQ^ 

The  later  theory  is  that  the  plates  do  not  pass  through  the  intermediate 
stage  of  being  changed  to  lead  oxide,  but,  on  discharge,  change  directly 
from  their  respective  states  to  that  of  lead  sulphate.  This  theory  is  doubt- 
less the  correct  one,  for  the  reason  that  in  the  chemical  change  from  lead 
oxide  to  lead  sulphate,  heat  is  released,  which  represents  lost  energy,  and 
if  this  energy  loss  should  take  place  it  would  be  impossible  to  get  from  the 
storaee  battersr  a  large  proportion  of  the  amount  of  energy  whieh  tni»i»^ 
have  oeen  put  into  it  on  charge. 
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The  foregmng  U  set  forth  by  the  following  ravenibla  equation,  whi<di 
shows  the  action  that  takes  place: 

charge 


(1)  PbOi+HjS04-Pb804  +  HjO  +  0 

(2)  Pb  +  H^04     -     Pb804-fH« 


(8)    -  (1)  +  (2) -PbO,+Pb+2H^04-2PbS04  +  2HjO. 

discharge 

The  firrt  equation  shows  the  reactions  which  take  place  at  the  positi 
plate;  the  second  shows  those  which  occur  at  the  negative:  and  the  s 
of  these  two,  the  third,  is  the  comlMned  e£fect  and  is  the  fundamental  equa- 
tion of  the  storage  battery.     Reading  from  left  to  rig^t  the  reactions  are 
those  which  take  place  on  dischaiige,  while  read  from  rig^t  to  left  the 
reacttons  are  those  which  take  place  on  charge. 

CkMMM  tM  SI«ctroljte.  —  The  reversible  equation  of  the  storsge 
battenr  shows  that  some  «f  the  80s  in  the  sulphuric  add  (which  masr  Be 
looked  on  as  being  made  up  of  H2O  +  SO3)  goes  into  chemical  combina- 
tion with  the  plates  on  discharge,  and  a  definite  amount  of  SOs  is  abstracted 
from  the  electrolyte  from  each  ampere  hour  of  discharge,  and  therefore  the 
concentration  of  the  electrolyte  decreases  and  is  lower  at  the  end  of  dis- 
charge than  at  the  beginning.  The  amount  of  SOs  abstracted  per  100 
ampere  houn  is  208  grams,  and  therefore,  with  a  given  quantity  of  electro- 
lyte and  acid  density,  the  final  density  at  the  end  of  discharge  after  a  cer- 
tain number  of  ampere  hours  has  been  taken  out,  can  be  computed. 

The  fonnula  for  computing  the  quantity  of  electrolyte  required,  when 
the  initial  and  terminal  densities  are  given  is 

«       1290-  10.53  d 

^ D-:^ — 

X  ■-  number  of  ounces  avoirdupcns  of  electrolyte  per  100  ampere  hours 

of  discharge. 
D  ■■  percentage  m.  H9SO4  in  the  electrolyte  at  the  beginnina  of  discharge. 
d  ">  percentage  of  HgS04  in  the  electrolyte  at  the  end  of  uscharge. 

For  discharge  other  than  100  ampere  hours,  multiply  the  computed 
value  of  X  by  the  actual  discharge  and  divide  by  100. 

Also 
and 

flwlpllAte*  —  Lead  sulphate,  which  is  a  white  substance,  has  no  con- 
ductivity whatever,  and  if  too  much  sulphate  be  allowed  to  form  on 
discharge,  it  is  difficult  to  bring  the  battery  plates  bcMsk  to  their  original 
condition  because  the  regenerating  current  cannot  be  made  to  flow  through 
the  sulphated  masses.  Jf  the  plates  are  only  oartially  sulphated,  the  hifdi 
conductivity  of  the  active  material  with  wtucn  the  sulphate  is  mixed  will 
afford  a  path  for  the  current  which  can  easily  reduce  the  sulphate  back  to 
spon^  lead  or  lead  peroxide. 

This  is  one  of  the  reasons  why  ^soharge  should  never  go  beyond  the 
point  where  the  voltage  per  cell  is  1.8  with  normal  outflowing  current. 

Cbiang«  1b  Volume.  —  Another  reason  for  avoiding  overdischarge 
lies  in  the  increase  in  volume  of  the  active  material  when  converted  into  lead 
sulphate.  If  too  much  of  the  active  material  be  converted  into  lead  sulphate, 
the  increase  in  volume  sets  up  strains  in  the  plates,  tending  to  buckle  them, 
and  causes  the  active  material  to  crack  or  shed  ana  fall  awi^y  from  the  sup- 
porting grid,  thus  reducing  the  amount  of  available  active  material,  the 
capacity  of  the  plates,  and  shortening  their  life. 


D- 

1290  +d(X- 

'  10.53) 

X 

d- 

1290  - 
10.53 

XD 
-X' 
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VoltoflT*.  —  The  voltage  of  lead  peroxide  a^^ainst  sponge  lead  in  dflnts 

sulphuric  add  is  about  2  volts,  varyioc^  with  the  oonoentration  of  the  acid. 
The  actual  voltaee  for  any  concentration  may  be  computed  by  Streints's 
formula:  B  -  1.^  +  0.017  (<S-8),  in  which 

E  -  E.M.F.  of  cell. 
8  ■■  Specific  gravity  of  the  electrolyte. 
a  »  Specific  gravity  of  water  at  the  temp^Bture  of  observattoa. 

In  practice  it  is  generally  aaeumed  as  2.05  volts,  this  being  the  E.M.F. 
on  open  circuit  when  the  battery  is  fully  charged;  that  is,  both  electrodes 
being  free  from  any  lead  sulphate.  As  the  battery  discharges,  the  voltage 
fEradually  decreases,  so  that  when  the  battery  is  nearly  discharged  its  voltage 
IS  less  than  at  the  beginning  of  discharge.  The  reasons  for  this  will  appcar 
hereafter. 

App«ansMC«  of  Plates.  —  The  battery  plates  are  distinguishable 
both  oy  their  appearance  and  hardness^  the  peroxide  plate  being  of  a  reddiA 
brown  or  chocolate  color  and  hard  like  soapstone,  and  the  siponge  lead 
plate  is  a  grayish  color,  and  can  readily  be  cut  into  with  the  thumb  nan. 

Recpilreiiieiita.  —  Neither  lead  sponge  -nor  lead  peroxide  possess  any 
mechamcal  strength,  and  therefore  in  order  to  make  them  into  suitable 
electrodes  it  is  necessary  that  they  be  attached  to  a  supporting  plate  or 
grid,  and  since  lead  is  the  only  metal  except  the  so-called  "noble  metals*' 
which  resists  the  action  of  sulphuric  acid,  the  supporting  grid  is  always 
made  of  it. 

In  order  that  a  storage  battery  should  work  satisfactorily  the  corroit 
must  be  distributed  equally  over  the  surface  of  the  plate  and  pass  throu^ 
practically,  all  the  molecules  of  the  active  material  both  on  char^  and 
discharge,  and  it  is  essential  that  batteries  be  so  designed  as  to  attain  tliis 
condition;  otherwise  [>ortions  of  the  plate  wiU  be  overworked  and  will  dis- 
integrate, while  other  portions  may  be  left  in  good  condition. 

Typ«a  of  Plates. 

In  the  production  of  battery  plates  there  are  three  general  methods: 

One  is  known  as  the  Plante  process*,  which  consists  in  chemically  or 
electrochemicallv  forminsf  sponge  lead  or  lead  peroxide  directly  on  the 
surface  of  a  lead  plate,  this  active  material  being  produced  from  the  lead  of 
the  plate  itself. 

The  second  method  consists  in  taking  certain  oxides  of  lead,  prindpaUy 
litharge  and  red  lead,  and  mechanically  applsdng  them  to  a  previously 
prepared  leaden  grid  —  generally  under  pressure  —  and  afterwards  reduo- 
mgthese  oxides  to  sponge  lead  or  lead  peroxide. 

The  third  method,  which  is  not  much  used  now,  is  to  prepare  pellets  of 
sponge  lead  or  other  lead  compounds  which  may  easily  be  reduced  to 
sponge  lead,  placing  them  in  a  mould,  and  casting  the  supporting  grid 
around  them. 

In  the  Plants  type  of  battery  the  layer  of  active  material  produced  is 
comparatively  thin,  and  in  order  to  obtain  a  suffidently  large  quantity  to 

e've  each  plate  a  reasonable  capacity,  it  is  necessary  that  the  area  exposed 
i  made  as  large  as  possible.  This  is  accomplished  by  some  method 
which  raises  grooves  or  webs  in  the  plate,  or  by  making  up  the  plate  of 
narrow  ribbnons  of  lead,  which  are  folded  backwards  and  forwards  until  an 
electrode  is  finally  produced,  the  thickness  of  which  is  eciual  to  the  width 
of  the  lead  ribbon,  the  length  and  breadth  of  the  plate  bdug  an>'thing  that 
may  be  desirable. 

The  comparative  value  of  these  different  types  of  batteries  will  be  taken 
up  after  discussion  of  various  characteristics  of  batteries  in  operation. 

Capacity.  —  The  unit  of  storage  battery  capacity  is  the  ampere  hour, 
that  is,  the  ability  to  discharge  one  ampere  continuously  for  one  nour. 

The  capadty  is  dependent  on  the  rate  of  discharge;  the  temperature;  the 
quantity  of  active  material  present;  the  quantity  of  electrolyte  in  the  cell, 
and  the  exposed  surface  of  the  plate. 

Theoretically,  .135  oz.  of  active  material  per  ne^tive  plate,  with  .156 
OS.  per  positive  or  .201  oz.  for  both  electrodes  will,  in  the  preeenoe  of  suffi- 
cient electrolyte,  give  a  discharge  of  one  ampere  hour.     In  practice  about 
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five  timflB  this  much,  or  1.45  es.  for  both  plates,  is  required.  The  >««w/u 
of  this  is  that  the  active  material  is  not  completely  reduced,  the  discharge 
being  stopped  before  the  point  of  zero  voltage  is  reached,  and  the  gradual 
formation  of  sulphate  as  discharge  proceeds,  tends  to  close  up  the  pores 
and  prevent  access  of  the  electrolyte  to  the  mass  of  active  material. 

Tnie  capacity  increases  with  increase  in  temperature,  being  about  1  per 
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cent  for  each  degree  Fahrenheit  increase  in  temperature, 
the  ampere  hour  capacity  of  a  battery  should  not  vary  with  the  eurrcBt 
rate.  If  a  battery  discharge  continuously  100  amperes  for  8  hours,  siviiic 
800  ampere  hours  at  this  rate,  theoretically  it  should  ditfcharge  800  lunperts 
for  one  hour.  As  a  matter  of  fact,  however,  the  ampere  hour  capacity  of 
a  battery  decreases  rapidly  with  increase  of  rate  of  current  flow.  The 
reason  for  this  decrease  m  capacity  is  due  to  several  causes,  the  most  iznpor> 
tant  one  being  that  as  discharge  proceeds,  the  active  mateiiaJ  b^ins  to 
turn  into  lead  sulphate.  The  volume  of  the  lead  sulphate  is  very  much 
greater  than  the  volume  of  the  active  material  from  which  it  is  formed,  aad 
since  the  action  takes  place  most  rapidly  on  the  surface  of  the  plates  when 
they  are  in  contact  with  the  elect  rohrte,  the  formation  of  the  sulphate  also 
takes  place  most  rapidly  at  the  surface,  and  this  increase  of  volume  teedi 
to  fill  up  the  pores  of  the  plate  and  prevent  access  of  the  electrolyte  to  the 
active  material  which  lies  beyond  this  shielding  layer.  If  the  discharfs 
rate  be  very  rapid,  the  masking  layer  of  sulphate  is  rapidly  built  up,  and 
the  shielding  effect  takes  place  more  qiiickly.  In  a  battery  discluungea  at  s 
low  rate  the  formation  of  this  sulphate  layer  is  so  slow  that  the  c^eetxolartc 
can  reach  the  innermost  portions  of  the  porous  active  nuiterial,  the  chemi- 
cal action  takes  place  more  thoroughly,  and  a  greater  amount  of  current 
can  therefore  be  taken  out. 

Curve  No.  1  shown  in  Fig.  1  gives  the  variations  in  capacity  with  vanricut 
rates  of  discharge  in  percentages  of  the  eight-hour  rate,  and  curve  Ko.  3 
shows  the  increase  in  ampereB  output  with  increa8€>d  dischanse  rates. 

Thus  if  a  battery  have  a  capacity  of  400  ampere  hours,  it  will  diadbargs 
60  amperes  continuously  for  aght  hours.  If  the  total  capacity  be  takes 
out  in  one  hour,  the  discharge  rate  will  be  200  amperes,  and  the  ampere 
houra  will  be  200,  this  being  50  per  cent  of  the  eight-hour  rate  as  indicated 
by  the  curve.  If  the  ampere  hour  capacity  of  the  battery  at  the  eig^t-boir 
rate  be  known,  its  capacity  at  any  other  rate  can  be  determined  from  this 
curve,  or  if  its  capacity  at  any  rate  be  known  its  capacity  at  the  ei^t-hour 
rate  can  be  also  determined.  The  curve  is  an  average^  and  applies  approxi- 
mately to  nearly  amr  type  of  battery,  althous^  different  characteis  of 
batteries  will  give  dinerent  curves,  but  none  of  them  will  depart  m*teriaUy 
from  that  shown  in  the  figure. 

Voltage  VartatloB. 

As  stated,  the  voltage  depends  on  the  character  of  the  electrodes  and 
the  density  of  the  electrolyte.  The  available  [>otential  at  the  battery  ta>- 
minals  is  further  dependent  on  the  internal  resistance  of  the  cell.  These 
facts  explain  the  drop  in  voltage  as  discharge  proceeds,  as  indicated  hy  the 
ourves  in  Fig.  2. 
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The  eleetrodes  graduAlly  change  from  pure  active  material  to  a  mixture 
of  active  material  and  sulphate;  the  formation  of  the  sulphate  increases  the 
reaietance  from  the  surface  of  the  electrodes  to  their  conducting  grid, 
thereby  increasing  the  internal  resistance,  and  the  surface  layer  of  sulphate 
prevents  access  of  electrolyte  to  the  interior  pores  of  the  active  material, 
and  the  small  amount  of  electrolyte  imprisoned  in  these  pores  has  its  S0| 
rapidly  abstracted  from  it,  greatly  reducing  its  concentration  and  there- 
fore the  voltage  of  the  cell.  To  this  cause  nearly  all  of  the  fall  in  voltage 
may  be  attributed. 

Klectrolyto. 

Tile  resistanoe  of  the  electrolyte  varies  vnih.  the  density  of  the  acid, 
bcinx  a  minimum  when  30  to  35  per  cent  of  the  mixture  is  acid,  ana 
increasing  if  a  greater  or  less  percentage  of  acid  be  present. 

Parte  of  the  plate  surface  may  do  more  than  their  share  of  the  work  if 
the  plates  be  very  long  and  the  containing  tanks  deep,  this  condition  aris- 
ing from  a  difference  in  the  density  of  the  electrolyte  at  the  top  and  bottom 
of  such  tanks.  The  containing  cells  should  therefore  never  be  deeper  than 
20  inches,  unless  some  artificial  means  of  acid  circulation  be  used,  such  as 
compressed  air  introduced  into  the  bottom  of  the  tank  through  small  rubber 
tubes.  With  such  circulation  the  electrolyte  density  is  maintained  con- 
stant in  different  portions  of  the  tank,  and  the  plates  will  then  be  worked 
at  equal  current  densities  over  their  entire  surfaces. 

Conductivity  also  changes  with  the  temperature,  being  greater  for 
increase  of  temperature.  The  table  on  page  1229  under  caption  "Electro- 
chemistry" shows  the  changes  in  electrolyte  resistance  with  variations  in 
density  and  temperature. 

The  density  of  electrolyte  in  storage  batteries  should  never  exceed  1.200 
whm  the  batteries  are  fully  charged,  and  there  should  be  ten  pounds  or 
more  of  electrolyte  per  100  ampere  hours  of  battery  capa6ity  on  a  basis  of 
the  eifsht-hour  rating.  The  final  density  at  the  end  of  discharge  with  this 
quantity  of  acid  and  1.200  initial  den^ty,  will  be  about  1.134. 

In  inotor  car  batteries  about  four  pounds  of  electrolyte  per  100  ampere 
hours  is  sufficient,  and  because  of  the  small  amount  of  acid  present  the 
initial  density  must  be  higher.  If  the  initial  density  be  1.265  at  beginning  of 
discharge  it  will,  with  this  amount  of  acid,  fall  to  about  1.137  at  the  end  of 
discharge.  Since  there  is  a  definite  change  in  density  for  a  given  amount 
of  discharge  taken  from  a  cell,  the  density  of  the  electrolyte  is  one  of  the 
best  indications  of  the  state  of  charge  of  a  battery,  provided,  of  course, 
that  no  internal  discharge,  due  to  local  action,  takes  place.  If,  when  the 
cell  ia  charged,  it  shows  a  density  of  1.200  and  when  discluwged  1.130,  the 
difference,  .07,  r^resents  the  total  changa.  If  at  any  time  the  density  is 
1.165,  just  one  half  the  amoimt  of  capacity  has  been  taken  from  the  cell. 
In  order  that  these  observations  may  be  reliable,  however,  it  is  necrasary 
to  stir  the  electrolyte  well,  so  that  the  density  is  the  same  all  through  the 
tank:  also  if  the  discharge  has  taken  place  at  a  high  rate,  the  cell  must 
stand  for  an  hour  or  more  before  the  electrolyte  will  completely  diffuse  so 
that  the  density  readings  are  correct. 

The  electrolyte  must  be  made  of  dther  distilled  or  rain  water,  mixed 
with  pure  brimstone  add.  Ordinary  cit;^  or  well  water  will,  in  all  prob- 
ability, ruin  the  batteries,  and  pyrites  acid  will  most  certainly  do  so. 

The  electrolyte  should  always  be  tested  to  discover  if  harmful  impuritiet 
are  present,  which  are  platinum,  iron,  chlorine,  nitrates,  copper  and  acetic 
acid. 

The  tests  for  these  are  as  follows: 

PliatlMiiiii.  —  A  complete  test  for  this  substance  can  only  be  made  by 
an  experienced  chemist  with  proper  appliances.  A  good  rough  test  for 
traces  of  platinum  is  to  pour  electrolyte  into  a  cell  and  note  if  passing  takes 
place  on  open  circuit.  If  it  does,  and  continues  for  some  time,  it  is  an 
mdication  of  the  presence  of  platinum,  and  the  suspected  electrolyte  should 
then  be  sent  to  a  chemist  tor  analysis.  Never  use  chemically  pure  sul- 
phuric acid  which  has  been  refined  in  platinum  stills. 

Iron. — Take  a  sample  of  the  electrolyte  and  neutralize  with  ammonia. 
Boil  a  small  portion  with  hydrogen  peroxide,  which  process  will  change 
whatever  iron  may  be  present  into  the  ferric  state.     Add  ammonia  or 


STORAGE  BATTBSIBS. 


duiitta  polasta  Mlutioii  uolil  (bs  mixtara  baoamM  alkkHiM.      Iran  iril  ht 
IndicatU  by  ft  brawniih  red  prndpitAte  whioh  wiU  thflo  form. 

CU«rla«>  —  TKka  ■  im*U  BunpkB  of  the  elMtnlyu,  utd  a  f«w  drofa  of 

dpit»to  will  BidieatB  dJorine.^  This  preeipitAiB^  wiU   be^r--"-'— '  "— 

traMa.  — Plue  iome  of  thB  etootrolyte  in  _  .__. 

s  »u!pha»  solution.     Then  carefully  pour  dawn  the  iiile  of  the  H 
It  of  ohemioAlLy  pure  oouceotrBtod  Bulphunc  :    '  ' 

'■•"■'      If  nitric  Kid  be  prt „   . 

DWQ  coiar,  which  will  fonn  bMWMo  Uw  d 

*  A  cBWejieidT^Addl 


JUical  Acllfn.  —  C( 

may  be.  on  iharp,  carried  over  (o  i 

then  e^stfl  of  the  epoDt^e  lead  pLat« 
ti^iluii.      If  the  vollaiie  of  such  a  i 


ully  cl 

When   diichsr^   takn  place,  this  voltapi   iraduallj'   reachea , 

which  a  potential  be^na  to  rise  in  the  oppoeite  direction,  gradually  it 
ing  with  diicharEe.     whon  the  voltage,  afi«r  pagBtng  ihnu^  »»>    ' 
■  value  of  .26  volt,  the  full  amount  of  diaoharn  haa  been  u 
negHiive  plate,  and  th<  current  ahould  be  cut  oO  reganlleei  til 

Fiffure  3  ahftwa  the  w 
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plate  and  the  cadmium  ehan4:eB.  The  cadmium  undergoing  no  diacharge 
does  not  change,  and  its  line  of  potential  is  therefore  horisontal  and 
unchanging,  as  indicated.  The  negative  j^late,  however,  is  discharging, 
and  its  potential  decreases  so  that,  though  it  begins  to  discharge  at  a  poten- 
tial of  .18  volt  above  the  cadmiimi,  it  soon  reaches  a  point  at  which  it  is 
the  same  as  the  cadmium,  the  voltage  between  them  then  being  sero.  As 
the  potential  of  the  negative  falls  further,  a  potential  begins  again  to 
appear  between  the  two,  but,  as  is  obvious,  it  is  in  the  reverse  direction, 
as  the  potential  of  the  negative  plate  is  now  lower  than  that  of  the  positive. 

On  charge,  the  voltage  between  the  cadmium  and  the  negative  plate 
should  be  brought  up  to  at  least  .17,  even  if  continued  overcharge  after^the 
cell  has  reached  2.6  volts  is  necessary  to  do  it. 

Batteries  are  so  designed  that  the  negative  plates  work  through  their 
proper  range  of  potential  with  normal  change  in  the  cell  £Jf  .F.,  but  over- 
sulphation.  reduction  in  amount  of  active  material,  or,  most  of  all,  local 
action,  will  destroy  this  balance,  and  these  cadmium  tests  are  useful  in 
keeiMng  watch  over  the  condition  of  batteries  in  service. 

Pola  rlxifttloit. 

If  the  voltage  of  a  battery  on  open  circuit  be  a  given  amount,  say  2 
volts,  and  char^g  current  ia  sent  into  it^  it  would  be  natural  to  assume 
that  the  potential  rise  at  the  battery  terminals  would  be  equal  to  the  drop 
due  to  the  internal  reastance  of  the  battery.  It  is  found,  however,  to  be 
very  much  greater  than  this  amount  —  the  actual  internal  resistance  of 
large  cells  being  practically  negligible.  This  increase  in  drop,  when  cur- 
rent passes  through  a  cell,  comes  from  a  phenomenon  known  as  polariza- 
tion, which  is,  in  effect,  the  production  of  a  counter  E.M.F.  which  opposes 
the  flow  of  current,  and  which  always  takes  place  whenever  current  passes 
from  one  electrode  to  another  immersed  in  an  electrolyte.  This  effect  also 
opposes  the  flow  of  discharging  current,  and  causes  the  voltage  drop  at  the 
eell  terminals,  which  is  observable  when  current  is  taken  from  a  battery. 
Tlie  principal  polarising  agent  is  hydrogen,  which  may  be  considered  as 
an  electro-positive  element.  It  always  forms  at  tlM  negative  electrode 
and  sets  up  an  E.M.F.  opposing  current  flow. 

In  cells  of  the  same  type  the  drop  at  any  given  time  rate  of  charge  or 
discharge  is  the  same  for  any  size  of  cell. 

Tlt«  Voltafr«  nrop  m  cells  of  a  given  type  is  mdependent  of  the 
size  of  the  collVDut  varies  with  the  state  of  battery  charge  and  the  rate 
of  discharge.  This  drop  is  also  fairly  constant  for  various  types  of  cells. 
The  following  table  gives  the  fall  or  rise  in  voltage  from  the  open  circuit 
C.M.F.  when  discharge  or  charge  takes  place: 

8-hour  rnte 06    volt 

6     "       "  066    ' 

4    "       "  00 

3    ••       "  11 

2     '•       ••  14 

1     "        "  2 

■fldeacy. 

The  efficiency  of  the  storage  battery,  similarly  to  that  of  any  other 
device,  is  the  ratio  of  the  watts  output  to  the  watts  input.  If  current  be 
taken  out  at  a  hi^  rate,  and  a  resulting  small  capacity  be  obtained,  it 
doee  not  follow  that  the  efficiency  has  been  lowered  corresponding,  as 
it  will  be  found  that  the  amount  of  current  required  for  succeedins  charge 
will  not  be  so  great  as  if  a  lower  rate  of  discharge  bad  been  used,  and  a 
greater  amount  of  energy  taken  from  the  battery.  In  other  words,  there 
u  a  relaticA  between  the  amount  of  energy  derived  on  discharge  and  the 
amount  of  energy  required  on  subsequent  charge  to  bring  the  battery 
back  to  the  condition  at  which  the  discharge  began.  The  efficiency  of 
batteries  which  discharge  only  a  few  moments  and  immediately  after 
notiw  charge,  that  is,  in  which  the  charge  and  discharge  fluctuate  rapidly, 
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and  the  net  amount  discharged  from  the  battery  in  an  interval  of  time  ■ 
small,  is  about  90  to  02  per  cent.  Where  used  for  power  storage,  a  kn( 
continuous  charge  being  sent  into  the  battery  and  foUowed  by  a  long  e^ 
tinuous  discharge,  the  efficiency  is  from  75  to  80  per  cent. 

The  losses  in  a  battery  are  made  up  of  the  PR,  and  the  gasstns  at  theecd 
of  charge,  in  which  the  constituent  gases  wliich  are  released  by  the  actmi 
of  the  electric  current  do  no  chemical  work  on  the  electrodes,  but  escape 
into  the  air,  the  energy  required  for  this  dissociation  bein^  loot.  Iltere  ii 
also  the  further  loss  due  to  the  counter  E.M.F.  of  polarixation«  aa  faaa  ' 
explained. 


ComparlaoB  of  Plaato  and  Paated 
El«ctroclea. 

Of  the  two  types  of  cells  mentioned,  the  Plants  and  the  pasted,  each  has 
its  particular  place,  and  one  is  more  suitable  than  the  other  for  its  partky 
ular  class  of  work. 

The  jMtted  negative  plate  is,  in  general,  the  best  tyi>e  for  nearly  ereiy 
class  of  work.  Pasted  positive  plates  are  necessary  in  batteries  when 
tight  weight  is  reguired,  such  as  in  automobile  and  train  lighting  batteries. 
Tlbey  are  also  suitable  for  battery  plants  which  recdve  long  charse.  sioft 
the  energv  and  discharge  over  a  considerable  length  of  time,  such  as  resi- 
dence and  isolated  plants,  and  central  lighting  stations.  The  Planti  posi- 
tive is  most  suited  to  those  conditions  where  the  battery  discharse  taka 
place  for  short  intervals  at  very  high  rates,  such  as  regulation  of  raihray 
and  elevator  loads,  and  also  when  prolonged  overcharge  ia  likely  to  ocat 
frequently. 

Cltaivliic. 

In  charging,  the  voltage  gradually  risea,  as  shown  by  the  upper  cuire  ia 
Fig.  2,  until  about  2.5  volts  are  reached,  when,  at  both  the  positive  and 
negative  plates,  gases  are  rapidly  released.  Charge  should  alwa^  be 
continued  until  both  {)latea  gas  freely.  Full  charge  will  also  be  indicated 
by  the  electrolyte  density  rising  to  its  proper  value. 

The  be»t  way  to  charge  is  to  send  in  current  rapidly  at  the  be^inzusg 
and  gradually  decrease  it  until  at  the  end  of  charge  the  curoent  flow  is  rerj 
small.  For  instance,  in  charging  a  1,000  anipere  hour  cell  for  ei|^t  hours, 
the  average  rate  of  flow  is  125  amperes.  The  proper  rates  at  which  to 
charge  this  cell  would  be 

250  amperes  for  1  hour 
200        •*         *•    1      " 
150        "         ••   3      " 

76        "         "    1      " 

25        "         "1      '* 

For  rapid  charging,  when  a  battery  has  to  be  charged  in  four  houia.  the 
current  should  vary  as  follows: 

40  per  cent  of  total  1st   hour 

25        2d 

20        *'         "      "     3d 

15        • 4th      " 

For  quick  charging  in  three  hours  the  rates  should  be: 

50    per  cent  1st  hour 
33|    *•      "     2d      " 
lol    "      "     3d      " 
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Whatever  the  rapidity  of  chajrape,  never  aend  a  heavy  current  into  a  battery 
toward  the  end  of  charge.  The  rapid  rates  can  only  be  need  during  the 
early  part  of  charge. 

In  case  of  lose  of  eleotroljrte  from  the  oelb  from  evaporation  or  spraying, 
add  only  pure  water  to  maintain  its  level,  as  the  adoition  of  normal  elec- 
trolyte will  gradually  increase  the  density  of  that  in  the  cells,  because  the 
added  liquid  merely  takes  the  place  of  that  which  has  been  carried  off  as 
saa  or  lost  from  evaporation,  which,  in  either  case,  is  pure  water  only.  High 
electrolyte  densities  tend  to  accentuate  all  the  troubles  that  can  befall  a 
battery,  and  accelerate  the  formation  of  sulphate.  The  water  should  be 
introduced  throu^  a  rubber  hose  or  lead  pipe  extending  nearly  to  the 
bottom  of  the  ceil^  so  that  it  will  diffuse  and  mix  with  the  electrolyte^  If 
the  water  be  poured  in.  it,  being  lighter  than  the  electrolyte,  will  float  and 
take  a  long  time  to  diffuse  with  the  liquid  in  the  cell. 

Reaaaral  firoaa  0«rTioe* 

To  take  a  battery  out  of  commission  it  should  first  be  fully  charged, 
then  given  a  good  overcharge,  and  then  discharged  down  to  1.7  volts  i>er 
cell  in  the  electrolyte,  immediately  after  which  the  electrolyte  should  be 
drawn  off,  and  either  distilled  or  rain  water  put  in  the  cells.  The  dia- 
charge  should  then  be  continued  until  the  volta^  comes  down  practically 
to  aero.  In  most  cases  it  is  neceuary  to  short-circuit  the  cells  in  order  to 
get  them  down  nearly  to  sero  with  pure  water  as  the  electrolyte.  Di»- 
eharging  them  in  the  water  has  no  injurious  effect,  however,  as  no  sulphate 
can  form.  Upon  complete  discharge  the  water  should  be  poured  out  of 
the  cells,  and  the  plates  thoroughly  washed,  generally  by  running  water 
continuously  through  the  cells.  All  water  is  then  drawn  offend  the  plates 
ma^  then  stand  for  any  length  of  time  without  injury.  When  the  bat* 
tones  are  again  to  be  used,  it  is  only  neoessaiy  to  poiu:  in  the  electrolyte 
and  gpre  a  long  overcharge. 


Battovy  TvMiblca. 

Hie  principal  troubles  which  are  encountered  in  battery  operation  are 
■8  of  capacity,  buckling,  shedding  of  active  material,  sulpbation  and 
loea  of  voltage. 

Iioea  of  Capaci^  usually  comes  from  clognng  of  the  pores  in  the  plate 
with  sulphate  which  la  not  visible  to  the  eyebecause  the  surface  of  the 
plate  is  maintained  in  proper  condition  but  the  interior  i)ortions  of  the 
active  material  have  not  been  thoroughly  reduced.  This  condition  can  be 
remedied  by  prolonged  overcharge  at  low  current  rates,  say  about  one- 
fourth  the  normal  eight-hour  chargins  rate. 

lioea  of  Acitlve  Material  will  also  reduce  the  capacity  of  a  plate, 
and  this  takes  place  continuously,  but  slowly,  in  every  storage  battery,  and 
may  be  considered  as  the  normal  depreciation.  If  the  battery  be  over- 
worked, however,  and  especially  if  discharge  be  carried  too  far,  me  amount 
of  sulphate  formed  will  so  expand  the  active  material  as  to  cause  it  to  crack 
or  shed  off  very  rapidlv. 

Buckllag'.  —  Undor  the  action  of  unequal  expansion  of  the  two  sides 
of  the  plate,  or  certain  portions  of  the  plate,  the  strains  may  distort  it  and 
cause  it  to  assume  a  buckled  shape,  that  is,  bent  so  one  side  is  concave  and 
the  other  convex.  This  is  due,  in  every  case,  to  over-discharge  on  either 
the  whole  or  some  portion  of  the  plate,  and  consequent  over-sulphation  and 
over-esrpansion.  In  certain  battery  plates,  which  are  designed  to  aUow  this 
expansion,  buckling  cannot  take  plaoe,  but  in  most  of  them  the  active 
material  is  on  an  unexpanding  framework,  and  over-discharge  is  therefore 
to  be  avoided. 

Aalpliatloa*  —  This  is  practically  the  cause  of  every  storage  battery 
trouUe,  and  can  only  be  avoided  by  stopping  the  discharge  Before  the 
voltage  of  the  cells  has  fallen  too  low,  namely,  at  l.S  volts  per  coll,  with 
normal  discharge  current  flowing,  and  by  occasional  boiling,  that  is,  over- 
charge which  should  be  given  at  intervala  of  about  three  or  four  weeks. 
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In  giving  this  oreroharge  the  battery  should  be  fully  charoed  at 
rates  until  it  shows  about  2.6  volts  per  cell.  The  current  should  Chen  be 
decreased  to  about  one-half  its  normal  eijdit-hour  rate,  and  the  cliarii 
continued  until  the  cells  show  about  2.65  volts,  and  about  twmty  minutes 
after  this  potential  is  reached.  This  will  effectually  reduce  any  snilpliate 
which  may  have  accumulated  in  the  pores  of  the  active  material.  A  bat- 
tery should  never  be  allowed  to  stand  idle  or  uncharged  after  disehans^ 
as  the  plates  wiU  sulphate  very  rapidly.  A  charge  should  be  started  ~ 
diately  afterdischarge,  or  as  soon  thereafter  as  possible. 

found 


of  Voltogr**  —  It  will  frequently  be  found  that  one  or  more  of  a 
ntunber  of  cdls  will  show  a  lower  voltage  than  the  others.  This  gfntnBf 
occurs  because  of  lou  in  capacity  ^  so  that  a  cell  having  this  lower  capadty. 
and  in  series  with  the  main  battery,  would  discharge  the  same  amoont  ss 
the  other  cells  having  a  higher  capacity,  and  in  this  way  its  voltage  w<Nild 
drop  more  rapidly  and  always  be  lower  than  that  of  the  other  odls  on 
discharge. 

TeatlBir* 

There  are  two  classes  of  storage  battery  tests.  One  is  to  deCenmns 
whether  a  battery  which  has  been  installed  meets  the  conditions  of  the 
specificati(xis;  the  other  is  to  determine  all  the  constants  of  a  bsittenr  as 
compared  with  others  on  the  market,  either  for  purposes  of  improving  the 
product  of  tlM  factory  or  determining  its  commerdal  value. 

The  first  class  of  tests  will  not  be  gone  into  here,  as  they  will  be  indicated 
fay  the  conditions  of  the  contract  and  specifications.  In  the  second  elMS 
of  tests  the  following  are  the  points  to  be  deteimined: 

1.  Weight  of  complete  cell. 

2.  Weight  of  the  sepamte  component  parts,  namely,  elements,  elect r»» 
lyte,  separators  and  containing  cell. 

3.  Dimensions  of  component  parts  of  the  cell. 

4.  Rates  of  charge,  mazimimi  and  normal. 

5.  Rates  of  dischaige,  maximum  and  normaL 

6.  Capacity  at  low,  nonnal  and  rapid  dischargs  rates. 

7.  Voltage  curves  of  charge  and  discharge. 

8.  Internal  virtual  resistance. 

0.  Variation  in  density  of  electrolyte. 
10.  Loss  on  ohargs  with  time. 

These  are  all  deteimined  by  test  and  observation,  and  from  them  are 
deduced: 


11.  Charge  and  discharge  rates  per  square  foot  of  positive  plate  siirfj 

12.  Charge  and  discharge  rates  per  pound. 

of  complete  oeU. 
'  element. 


(gsf 


13.  Capacity  per  pound. 

oomi^ete 
element. 

14.  Efficiency  at  various  charge  and  discharge  rates. 


(a)  of  oomi^ete  oelL 
(6)  of   - 


troIrM  of  €oaipl«te  Coll  tmA  Conspo 


The  weif^t  of  complete  cell  is  of  course  found  by  means  of  the  soaks, 
and  in  order  to  determine  the  weight  of  the  component  parts  the  etomenti 
should  be  partly  discharged,  then  removed  from  the  eleotroljrte  and  dried 
with  blotting  paper^  after  which  they  are  weighed.  Do  not  ke^  the  negs- 
tive  plates  in  the  air  any  lon^^  than  necesiiary.  The  weifl^t  of  the  elec- 
trolyte is  equal  to  the  total  weight,  less  that  of  the  elements  and  jar. 
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These  are  detennined  by  usual 
are  dumantled  for  weighing,  and 


meaaurements  at  the  time  when  the  oeUi 
should  include  dimensions  of  separators. 


eURMNT  SUPPLY 
FOA  CHAIMINO       n 

— VWWNA/ 


OMCHARQJNO  RESISTANCE 


Fie.  4. 
and  F  is  a  low-reading  Toltmeter 


jar  and  plates 

Also  area  of  plate  surfaces  and  <»  con- 
ducting lujfs.  This  latter  for  the  purpose 
of  detennming  if  current  denuties  are 
within  usual  practice|,  namely,  about  150 
amperes  per  square  mch.  The  cell  may 
then  be  reassembled,  given  a  prolon^^ed 
overcharge,  and  connected  up  for  testing. 
CoBitcctlOtts  for  TeatlBs^. — Re- 
ferring to  Fig.  4, 1^  is  an  adjustable  resist- 
ance Dy  means  of  which  the  current  to 
the  battery  may  be  kept  constant.  B  is 
the  oell  imder  test;  S  a  D.P J>.T.  switch; 
Rt  a  variable  resistance  through  which 
discharge  takes  place  and  is  maintained 
at  a  constant  value;  A  is  a  two-way 
leading  ampere  meter  which  measures 
both  mfiowing  and  outflowing  cunent 
across  the  cell  "       ~-'- 


•f  €Jluarg9 

The  charging  rates  are  usually  given  by  the  manufaeturers,  but  if  with- 
out this  data,  sue  amperes  per  square  foot  of  positive  plate  surface  may  be 
taken  as  a  trial  rate,  and  after  a  few  charges  and  discharges  may  be  deter- 
mined by  the  length  of  time  required  to  rally  charge  or  discharge  the  cell. 
The  eight  hour  is  the  standard  nonnal  rate.  The  maximnm  charge  and 
discharge  rates  are  usually  taken  as  the  one  hour  rate,  althouf^  the  current 
flow  should  never  be  so  rapid  on  charge  as  to  heat  'the  cell  more  than  26*  F. 
above  surrounding  atmoaphere  or  oause  eacoessive  gassing. 


Capadtj  at  irarl««a  IHacluurg«  KAtca. 

These  are  detomined  on  taking  out  a  constant  current  on  discharge  at 
say,  the  eight  hour,  the  four  hour  and  the  tw^iriiwiim  rate,  whatever  the 
latter  may  be,  and  noting  the  length  of  time  during  which  this  discharge 
continues,  the  battery  having  been  charged  up  to  2.5  volts  before  beginning 
discharge,  and  being  cut  off  when  a  voltage  of  1.8  is  reached,  except  in  the 
caae  of  the  maximum  rate,  when  the  voltage  can  be  carried  down  to  1.7D. 
Since  the  capacity  will  change  with  temperature,  it  is  necessary  to  note 
the  temperature,  and  keep  it  constant  throui^  any  one  determination. 


IToltogr*  Cvrrea. 

During  charge  and  discharge  —  both  of  which  should  take  place  at  the 
eonstant  rate  for  testing — frequent  observations  should  be  made  of  the 
▼oltage  across  the  cell  terminals.  From  this  the  regular  charge  and  dia- 
charge  curves  are  plotted  with  voltages  as  ordinates  and  time  as  ~*~~~ 


1  irirtnal  jBeatataBce. 


Xnte 

There  are  many  methods  of  determining  the  iirtemal  ohmte  resistance  of  a 
eell,  but  this  has  no  bearing  whatever  on  practice.  Furthermore,  it  is  not 
constant,  but  changes  with  the  state  of  charge  and  discharge.  What  an 
enfldneer  requires  to  know,  is  the  drop  at  various  discharge  rates  due  to 
wh»tev«r  intecnal  effeots  may  take  place.    The  net  result  of  all  the  factors, 
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ctamdy.  Internal  ohmlo  resiaUuice,  polarisation,  inorease  in  normal  intaml 
ohmio  reeistanoe,  due  to  the  paasajge  of  ^ses  tlirou^  the  electrolyte,  etc^ 
are  all  included  in  the  term,  "  Virtual  Keeistance.  To  detennme  thk, 
note  the  voltage  of  the  cell  (mi  open  circuit.  Then  dose  the  ^acbmngt 
switch  miickly,  allowing  a  heavy  discharge  current  to  flow.  The  volt- 
meter will  immediately  mdicate  a  lower  value  than  when  the  batteiy  was 
open  circuited.  Read  the  voltmeter  within  four  seconds  after  cdoeinc  the 
discharge  switch.  The  difference  between  the  discharge  voltage  and  the 
open-Kurcuit  voltage,  divided  by  the  amperes  flowing  on  discharge,  is  equal 
to  the  virtual  internal  resistance.  Several  tests  should  be  made  at  diffei«Dt 
rat«3  of  discharge,  and  also  several  tests  in  which  charging  current  is  sent 
into  the  battery;  the  rise  in  volta^  above  that  on  open  circuit  not€>d,  and 
the  difference  between  the  open  circuit  and  the  observed  charging  volta^i; 
divided  by  the  inflowing  current,  will  give  the  internal  virtual  resistance. 
Owing  to  the  small  changes  it  is  diflicult  to  get  accurate  reaolts,  and  the 
average  of  a  number  of  testa  both  on  charge  and  discharsB  ahonld  be  takm 
as  the  actual  value. 

WtuefttU^m  in  neasitgr  of  Blectr^ljte* 

Hiis  should  be  noted  as  discharge  proceeds,  by  reading  ths  jtwH^fa 
0avity  on  a  regular  flat  bulb  hydrometer  immersed  in  the  cell  ita^.  At 
the  end  of  charge  the  hydrometer  should  be  allowed  to  stand  in  the  add 
for  about  four  hours  before  taking  the  final  specific  gravity  in  ordo-  to 
allow  the  dilute  acid  in  the  interior  pores  to  mine^e  with  the  main  body  of 
add  in  the  jkr.  If  the  gravity  be  taken  without  allowing  this  time  to 
elapse  it  will  be  found  hie^er  than  the  actual  gravity  will  be  after  oomplete 
diffudon. 

liiiMa  of  CliAive  with  Tiaae. 

This  is  determined  by  subjecting  a  battery  to  several  ovelea  of  charga 
and  dischai^,  until  its  capadty  becomes  constant  at  toe  given  rate. 
Knowing  this  capadty,  if  the  cell  be  fully  charged  and  set  aade  for  several 
days  and  then  discharged  at  the  normal  rate,  the  difference  between  its 
capadty  when  immediately  dischar^^,  and  that  after  the  interval  of 
time  has  el^^sed,  shows  the  loss  which  may  occur  from  leaka^  or  local 
action.  The  cdlis  should  be  k^t  perfectly  dry  and  well  w«i«V*^  to 
prevent  any  leakage  whatever  when  set  adde. 


Cliavve  mmA  IHacliavve  Rates  mad  Cai^adljr* 

These  aie  computed  from  a  knowledge  of  the  dimendcms  and  the  chan^ 
ing  rates,  determined  during  the  test. 

■fldeacj  at  Varloaa  Cliarrc  aad  mackavgw  Hatra. 

Effidency  is  determined  at  the  various  charge  and  discharge  rates  hf 
dividing  the  output  on  discharge  by  the  input  on  charge.^  In  all  cases  tb 
diacharge  should  precede  the  charge  against  which  the  ratio  is  to  be  taken, 
and  in  every  case  the  cell  should  be  brought  back  to  its  oriipnal  oondilMMi 
on  charge.  In  taking  effidency,  if  a  charge  be  given  and  a  <hscharse  foDov 
it,  to  compare  these  would  give  no  reliable  results,  as  it  is  the  chMve  wbioh 
succeeds  a  given  discharge  that  bears  the  proper  relation  to  it. 

Failure  to  recognise  this  fact  has  been  the  cause  of  the  eoctraonfiiiaiy 
results  which  certain  tests  have  shown,  in  which  the  effidency  baa  ben 
over  100  per  cent,  though  in  most  cases  the  erroneous  method  of  oompariag 
a  charge  with  its  succeeding  discharge  will  give  a  result  below  the  aetuu 
eflSdenoy  of  the  battery. 

■rectloa  of  Batterlee. 

Storage  batteries  should  always  be  installed  in  a  oool  xoonok  wUch  ii 
well  ventilated.  The  floor  should  be  of,  cement,  tiles  or  biioka,  and  it 
should  slope  slightly  to  one  or  more  drains,  so  that  water  or  elucUulyle 
which  is  spilled  or  leaks  may  easily  run  off  and  the  floor  be  kept  diy. 
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An  exposed  iron  work  should  be  covered  with  some  good  mcid-proof 
paiDt,  and  all  exposed  copper  should  have  a  coating  of  lead  or  tin,  to  pre- 
vent the  corrosive  action  of  acid  fumes. 

Provision  should  be  made  for  easy  and  thorough  inq)ection  ci  the  cells. 
They  i^uld  therefore  be  accessible,  and  hand  lamiMi  connected  to  kmg, 
fleaoDle  conductors  provided  so  that  each  cell  may  be  inspected. 

In  the  installation  of  larae  station  batteries  consisting  of  a  number  of 
large  platen  in  lead  Uned  tanks,  it  is  usual  to  set  these  on  4X6  inch  stringers 
which  nm  imdemeath  a  row  of  cells.  Four  or  more  porcelain  insulators 
are  placed  between  the  stringers  and  the  cells,  and  in  many  cases  it  is  usual 
to  ooubty  insulate  the  cells  by  putting  under  each  one  a  wooden  frame- 
work which  is  the  size  of  the  bottom  of  the  cell,  above  the  stringers,  resting 
it  on  insulators  which  are  supported  on  the  stringers.  The  cell  rests  on  a 
second  set  of  insulators  which  are  in  turn  supported  by  the  framework. 
The  number  of  insulators  depends  on  the  size  and  weight  of  the  cell  to  be 
•apported.  The  positive  plates  in  each  cell  are  connected  to  the  negative 
plates  in  the  adjacent  cell  by  burning  each  of  the  plates  separately  to  the 
leaden  bus  bw,  as  shown  in  Fig.  6.    In  the  ■mailer  aaea  of  cells  whieh 


HEe.  ilLATE  LUO 


BURNCO 
JOINT 


BUS  BAR 

>P0S.  PLATE.  LUO 

BURNED  dOmr 


NEO.  PLATE  LUO 


S  BAR 


OLASS  SUPPORT  PLATE 
LEAD  UNINQ  LEAD  LINING 

WOOD  TANie  WOOD  TANK 

Fio.B. 


buRned 

JOINT 


httve  lead  Uned  tanks,  th«y  are  generally  set  on  a  fhunework  from  twenty 
to  twenty-four  inches  high  and  rest  upon  four  insulators.  Tlie  plates  of 
eaeh  odl  may  be  joined  to  those  of  the  next  succeeding  cell  either  by  burn- 
ing to  a  oonunon  bus  bar,  as  above  mentioned,  or  by  bolting^  together  lead 
straps  which  form  the  cell  terminals,  the  bolts  and  nuts  bang,  of  course, 
lead  oovered.^  If  the  containing  vessels  are  glass  jars,  it  is  usual  to  set 
esteh  of  them  in  a  shallow  wooden  box  about  1^  inches  deep  and  filled  with 
fine,  dry,  sand.  The  glass  cell  beds  itself  in  this  sand,  giving  an  equal 
distribution  of  pressure  over  the  bottom  of  the  jar,  and  the  sand  also  catches 
and  absorbs  such  dectrolyte  as  may  be  spilled  or  sprayed  out  with  escape 
ing  nses.  Each  sand  tmy,  as  these  are  termed,  rests  upon  four  porcelain 
insulators,  and  the  cells  are  placed  on  a  framework  in  one  or  two  tiers,  as 
may  be  desired.     Fig.  6  shows  this  method  of  installing. 

!«••*  !Biir«l«flr»  —  The  hydrogen  flame  has  the  special  property  of  not 
oxidising,  or  otherwise  soiling  the  lead,  and  is  therefore  used  for  melting 
together  two  lead  surfaces,  notably  that  between  cells  and  the  sheet  lead 
limng  of  the  tanks. 

HydRMmn  gas  is  generated  in  a  vessel  from  sulphuric  acid  and  sine.  The 
g»a  is  oopected  and  passed  through  a  water  bottle  to  a  burner,  where  it  is 
mixed  with  air  that  has  been  forced  into  the  burner  by  a  pump  or  bellows, 
the  mixture  bein^  ignited  for  the  welding. 

The  use  of  this  burner  requires  some  skill  and  praotice.  especially  in 
ioimng  the  edp»„of  sheet  lead,  as  it  is  very  apt  to  bom  away.  All  plate 
ienmnals,  and  all  lead  connections  of  any  kmd.  i         ~ 


bsfore  connecting  up. 


any  kind,  must  be  scraped  clean 
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PLATB8 


-<»LAM  JMI- 


PLATES 


-OLAM  JAR- 


[lik^ivjii^it^i:^^  |Ti^;}:<J;J^fe;^;>J4>;a^te;^ 


aANOTBAY 


•AND  TRAY 


FlO.  6. 

lTfl«s  of  Battorle*. 


The  principal  uses  are : 

(1)  For  propelling  electrically  driven  motor  can. 

(2)  For  railway  train  lighting. 

(3)  Ab  a  subatitute  for  the  ordinary  primary  battery  in  telephone  and 
telejeraph  work. 

(4)  To  carry  the  load  peak  on  a  supply  system. 

(5)  To  carry  the  entire  load  during  the  periods  of  light  demand,  the 
generating  equipment  being  shut  down. 

(6)  To  regulate  the  load  on  systems  where  the  demand  fluctuates 
widely. 

(7)  To  act  as  an  equaliser  on  three-wire  systems  in  which  the  gener- 
ators are  connected  across  the  outsides  of  the  system  and  give  a  oorr^ 


sponding  voltage. 

(8)  To  red 
variable  loads. 


reduce  the  amount  of  oopi>er  required  for  ss^stems  eupplyiag 


(0)  To  insure  continuous  service. 

(10)  As  auTriliaries  to  exdter  dynamos  in  large  altematinc  eimsDi 
stations. 

(11)  Ck>mbinations  of  any  of  above  from  (4)  to  (8). 

The  first  three  applications  involve  no  special  engineering  knowledge. 

(4)  In  case  of  a  supply  svstem  on  which  the  load  rises  neatly  during 
certain  hours  of  the  day.  as  shown  by  the  load  curve  A,B,€,  £>.  B,  F,  0,0, 
in  Fig.  7,  it  is  often  advisable  to  install  a  battery  to  receive  oharm  during 
the  period  of  light  load,  as  shown  by  the  shaded  area  in  whieh  we  heavy 
curve  is  the  demand  on  the  station  and  the  lii^t  curve,  the  load  an  the 
generating  equipment,  the  difference  going  into  the  battery;  and  to  die- 
eharge  in  parallel  with  the  genemtora  during  the  heavy  output  on  peak 
d,  fr,  e,  as  shown  by  the  cross-hatched  area.     Such  a  oatteiy  aaaute  to 
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malaUia  a  reasannUy  oonstutt  load  on  ths  dynanun.  mdu«a  tha  eoot  at 

tbe  fFQcrmling  «<]uipinen1,  and  ia  oiwaya  roidv  to  take  up  any  fxccsa  ki*d 
on  tan  system,  luch  aa  loay  come  from  a  ■uddejiLy  o\'ercaAt  «ky  or  fltann, 

additional  fmsitia,  aa  would  be  tbe  case  ji  tCa  entire  load  wen  canied  br 
genera  ting  machinery. 

(6)  After  tb«  peak  diacharct  is  ejided  and  tba  load  on  the  ayKtan 
decreaoea  below  tbe  generator  capacity,  the  batteriea  may  be  fully  charged 
by,  say.  niidni«bt,  and  the  entire  plant  idiut  down  during  the  periofTDf 
li^t  load  until,  Bay,  Bve  or  ax  a.h.  This  is  also  indicated  in  Fig.  7,  where 
the  shaded  area  e,  I,  a.  A,  F.  represents  charge  put  in  alter  tbe  pnlc  dis- 
cbarge, while  tbe  cross-hatched  aiea  h,  k,  m,  n,  indicatea  battery  diecharge. 
If  the  battery  ia  large  enough  to  do  this,  tbe  cent  of  the  fuel  and  the  depn- 
ciation,  for  the  time  of  shut-down,  an  saved,  and  two  shifts  of  sikiiou 
attendanta  only  are  required  instead  of  three. 

(6)  In  case  of  a  syatem  on  which  tbe  load  fluctuates  rapidly  and 
between  wide  limits,  such  as  an  electric  railway  or  elevator  load,  the  form 
of  lo<ul  diasiMD  will  be  aa  shown  Id  Fig.  8.     Here  it  wiD  be  aeeo  thmt  tha 


lUBd  vmil V  from  SOO  to  1.000  ampaces,  thoo^  tbo  ovanv*  load  takes  am 
in  diagram  ihowD  is  S33  amprree. 

If  theeystem  be  without  a  battery  the  senemting  enuipment,  iocluding 
■team  plant  gtngratora  and  acceosoriee.  will  have  to  be  of  sufGdent  canaaty 
to  carry  tlw  majrimum  load,  and  the  moving  machinery  will  be  subieDtod 
to  ezcodv*  Bboeks  and  slraim  due  to  the  sudden  loads.  The  fuij  ««■ 
»umpti<m  l«  alao  much  more  than  it  would  be  if  the  enginea  eould  work 
under  iteady  load.  If  a  reKulatlng  battery  be  used,  the  geneialiug  eqiii|>- 
meat  need  00I7  be  gnal  enou^  to  supply  the  average  load,  as  tbe  battery 
will  abforb  ali  fluotualions.     Vfhen  the  current  required  to  Bun>l};  tbe 


put.  tha  sxeeas  ti  tumished  by  the  battery  discharge. 

lliua  tba  battery  malotalna  a  constant  load  on  the  noesrating  eqidprnanl 
ngardlaM  of  tha  vsriationa  in  the  extemsl  load,  and  tbe  attmdaat  advan- 


lage*  of  fnd  eeonomy,  noimal  duty  only  OJ 
depraoiation  and  repairs  •.~™i>ir«— I 

17)  In  three-wire  syit 
batwean  the  outride  mai. 
tbe  unbataodog  wliich 
lU  ODtMa*  wHli  a  Pifl 


ive  a  voltage  aqua]  to  that 


<t?e^"a?ii^  are  at 
e.  If  a  battery  b« 
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equal  to  that  of  the  «yBtem,  and  the  neutral  be  connected  to  the  middle  of 
the  battery,  any  ezceee  of  current  flow,  on  one  side  of  the  lystem,  will  be 
8up];>lied  by  discharge  from  the  half  of  the  battery  connected  across  that 
outside  and  the  neutral,  while  the  half  of  the  battery  on  the  other  side 
Mill  receive  an  equivaleot  amount  of  charge.  This  is  a  widely  used 
arrangement,  as  all  the  other  advantages  of  storage  batteries  are  obtained 
in  adcution  to  the  balancing  effect. 

(8)  In  cases  where  current  is  transmitted  over  a  considerable  distance, 
and  the  load  varies  either  at  diflfercnt  periods  of  the  day,  such  as  a  lighting 
load,  or  rapidly,  as  a  railway  load,  a  storage  battery  located  far  away 
from  the  station,  near  the  point  where  the  loud  comes  on  the  system,  may 
be  made  to  maintain  the  voltage  at  periods  of  heavy  load  when  the  feeder 
drop  would  be  excessive,  and  the  useful  potential  too  low  for  satisfactory 
service.  This  is  accomplished  by  the  discharge  of  the  battery  when  the 
heavy  load  comes  on,  reducing  the  amount  of  current  transmitted  and 
therefore  the  drop.  The  battery  is  charged  during  the  time  of  light  load 
when  sufficient  current  is  transmitted  to  supply  the  load,  and  also  charge 
the  battery.  In  other  words,  the  battery  equalizes  the  load  over  the  line, 
causing  the  continuous  flow  of  average  current,  and  reducing  the  cost  of 
feed  or  copper. 

In  certain  classes  of  rapidly  fluctuating  loads  this  effect  is  automatic 
and  produced  by  slight  changes  in  line  drop,  with  small  chan^^  in  the 
load  over  the  line. 

(9)  To  insure  continuous  operation  of  any  electrical  plant  a  storage 
battery  is  necessary.  No  matter  what  may  happen  to  the  generating 
part  of  an  eqidpment,  if  a  storage  battery  be  connected  to  the  mtem  it 
will  immediately  take  on  the  load  and  carrv  it  a  suflldent  length  of  time  to 
enable  any  quick  repairs  to  be  made  and  the  machinery  a^n  started  up. 

(10)  In  large  central  stations  where  alternating  currmt  is  generated  and 
distributed  to  substations,  and  a  large  territory  is  dependent  on  the  station 
supply,  the  failure  of  an  exciting  dynamo  would  cause  a  shut-down  of  pos- 
sibly several  minutes,  which  would  be  a  serious  mishap.  To  insure  against 
this  a  storage  battery  is  connected  directly  across  the  exciter  bus  bars.  It 
does  no  work  and  is  never  of  any  real  service  unless  failure  of  an  exciter 
takes  place,  in  which  case  the  alternator  field  excitation  is  taken  up 
without  a  break  or  interval.  The  insurance  against  stoppage,  even  for  a 
moment,  by  means  of  the  storage  battery,  is  so  thoroufl^iy  demonstrated 
that  nearly  all  the  bu'ge  alternating  current  stations  have  added  this  equip- 
ment to  their  exdto*  systems. 

(11)  Combinations  of  (4)  to  (0)  inclusive  can  be  in  part  effected  by  a 
(Hn^e  battery,  such  as  regulation  of  fluctuatinfi;  load,  discharging  on  peaks 
ana  carrying  the  night  load  alone,  or  equalizing  on  a  three-wire  system, 
carrying  peaks  on  both  sides  of  the  system,  and  also  carrying  the  light 
load  alone.  Many  other  combinations  will  suggest  themselves  to  the 
engineer  as  the  conditions  to  be  met  may  require. 


Mctlioda  of  Controlllaig'  IMacliarire* 

In  Fl^.  2  is  shown  the  change  in  voltage  of  a  coll  when  charging  and 
disehargmgat  the  normal  rate.  In  order  to  compensate  for  this  variation, 
BO  that  the  E.M.F.  supplied  to  the  discharging  circuit  may  be  maintained 
constant  or  varied  at  will  to  meet  external  load  conditions,  the  following 
methods  of  control  are  used: 

(1)  Tbe  number  of  cells  in  series  may  be  altered  by  means  of  suitable 
■witching  mechanism. 

(2)  Counter  cells,  or  cells  connected  in  opposition  to  the  main  battery. 
m<^  be  included  in  the  discliarging  circuit  and  the  desired  voltage  obtained 
by  varying  the  number  of  counter  cells  in  this  dreuit. 

(3)  A  variable  resbtance  may  be  interix>eed  in  the  main  drouit  to  regu- 
late the  discharge. 

(4)  A  dynamo-electrio  machine,  termed  a  "booster,**  having  its  arma- 
ture in  senes  with  the  battery  circuit,  its  field  bdng  variable  at  will  as  to 
dther  direetion  or  magnitude,  may  be  employed. 

If  any  of  the  fiiat  three  methods  be  employed,  the  total  number  of  cells 
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eompofling  a  battery  must  be  mich  that  at  the  end  of  diecharge.  with 
nonnal  outflowing  current,  the  sum  of  the  voltages  of  all  ceUs  in  seriee  ii 
equal  to  the  voltage  to  be  maintained  on  the  supply  dreuit. 

When  discharging  at  normal  rate,  it  is  usual  to  stop  disoharge  when  the 
E.M.F.  per  cell  has  dropped  to  1.8  volts. 
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End  Cells  aad  Swltcliea. 

As  shown  in  Hg.  2  the  E.M.F.  at  the  beginning  of  diecharge  is  2.16 
volts,  and  at  this  point  on  the  discharge  curve  only  51  celb  would  be 
required  to  give  110  volts;  as  disoharge  continues  and  the  E.M.F.  falls,  the 

number  of  cells  in  series  moat 
be  increased  accordingly,  and  at 
the  end  of  discharge,  when  the 
cell  volta^  is  1.8,  61  cells  are 
required  m  series  to  supplv  a 
llO-volt  system,  10  of  them 
bdng  end  or  reserve  cells.  The 
whole  61  cells  would  be  con- 
nected in  a  sin^e  scries,  a 
conductor  being  connected  to 
each  of  the  ten  end  cells  and  to 
suitable  contacts  on  an  end  cell 
switch. 

The  voltage  across  the  di»> 
charging  circuit  will  be  depen- 
dent upon  the  number  of  cells 
included  in  the  circuit. 
Figure  0  shows  an  arrangement  of  cells,  all  connected  in  series,  a  portion 
of  these  being  end  cells;  the  voltage  when  the  moving  arm  Af  is  in  the  poei- 
tion  shown  by  the  full  unes  will  be  that  due  to  all  the  cells  in  the  main  oat- 
tery,  plus  the  voltage  of  the  two  end  cells  included  by  the  arm.  If  now 
the  arm  be  moved  to  the  position  shown  in  the  dotted  lines,  the  vc4ta(Be 
across  the  mains  L  will  be  increased  by  the  addi- 
tion of  the  end  cells  4  and  5.  In  switching  from 
one  end  cell  point  to  another  the  discharging 
circuit  must  not  be  opened,  neither  must  the 
moving  arm  touch  one  contact  before  leaving 
the  adjacent  one,  since  the  joining  of  two  con- 
tacts will  short-circuit  the  cells  connected 
thereto. 

In  general,  the  form  of  switch  for  this  pur- 
pose is  essentially  that  shown  in  Fig.  10,  wnere 
the  moving  arm  is  provided  with  a  snudl  ad- 
vance arm,  the  two  being  insulated  from  each 
other  but  connected  through  the  resistance  X. 
The  spacings  of  the  two  arms  and  contacts  are 
such  that  when  the  main  current  carrying  arm 
is  squarely  on  an  end  cell  contact,  the  advance 
or  auxiliary  arm  touches  no  other  contact,  but 
in  passing  from  one  point  to  the  next,  the  ad- 
vance brush  reaches  the  contact  towards  which 
the  arm  is  moving,  before  the  main  brush  leaves  its  contact;  the  resistanoe 
X  between  the  two  points  prevents  short-circuiting,  and  the  current  to 
the  msin  circuit  is  never  broken. 

The  conductors  joining  the  end  cells  to  the  end  cell  switch  oontaets  must 
be  of  the  same  sectional  area  as  the  conductors  of  the  main  circuit,  for 
when  any  end  cell  is  in  use  the  conductor  connecting  it  to  the  switch 
becomes  a  part  of  the  main  circuit.  1000  amperes  per  square  inch,  when  the 
batterv  is  discharging  at  the  two-hour  rate,  is  good  practice. 

End  cell  switches  of  small  capacity  are  made  circular;  the  larger  sises 
are,  however,  made  horizontal  in  form,  and  both  types  may  be  either  manu- 
ally operated  or  motor  driven. 

End  cell  switches  of  large  capacitv  are  generally  located  as  near  the 
battery  room  as  possible,  to  avoid  the  cost  of  running  the  heavy  ooo- 
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duoton,  and  when  suoh  Bwitohee  are  motor  driven,  the  uanal  praetioe  is  to 
control  their  operation  from  the  main  switchboard. 

Automatic  end  cell  switches  have  been  ueed  more  or  less  abroad,  but 
have  found  little  favor  in  this  country.  The  controlling  devices  for  such 
switches  are  so  arranged  as  to  make  the  switch  automatically  respond  to 
changes  in  the  discharging  circuit. 


Ooimter  SJH.!*.  OelU. 


Counter  cells  or  counter  eleetromotive-foroe  ceUs  are  merely  lead  plates 
in  an  electrolyte  of  dilute  sulphuric  acid;  they  have  no  capacity  but  set  up 
an  opposing  E.M.F.  of  approximately  2  volts  per  cell  if  current  be  iwssed 
through  them. 

In  using  these  cells  for  controlling  discharge,  the  total  number  of  active 
eelb  in  the  battery  will  be  the  same  as  if  the  method  of  end  cell  control  had 
been  used.  The  counter  cells  r^resent  an  increase  in  equipment,  the 
additional  expense  being  8  per  cent  or  more. 

Figure  11  shows  the  method  of  counter  cell  control;  these  cells  are  con- 
nected in  opposition  to  the  main  battery,  and  conductors  are  run  from  each 
of  the  counter  cells  to  points  on  a  switch  similar  to  an  end  cell  switch.  At 
the  beginning  of  discharge  all  the  counter  cells  are  in  circuit,  acting  in  oppo- 
sition to  the  main  battery.  As 
discharge  proceeds  and  the  battery 
voltage  falls,  the  counter  cells  are 
gradually  cut  out  of  circuit. 

Controlling  discharse  by  counter 
cells  is  now  nearly  obeolete  prac- 
tice, and  is  scarcely  ever  to  be 
recommended;  the  only  advantage 
in  this  method  of  control  is  that 
the  discharge  throughout  the  bat- 
tery is  uniform,  but  this  fact  alone 
does  not  warrant  the  use  of  such 
methods  on  account  of  the  addi- 
tional expense  involved,  and  the 
energy  loss  when  discharging 
against  counter  cells  is  the  same 
as  if  resistance  had  been  interposed  in  the  dischargiug  circuit. 
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The  discharge  may  be  controlled  by  a  variable  resistance  included  in  the 

discharging  circuit.  This  method 
is  not  used  unless  the  battery  ia 
of  small  capacity  and  the  cost  of 
energy  low. 

Figure  12  shows  a  diagram  for 
resistance  control.  In  smaU 
plants,  where  the  available  space 
for  battery  auxiliaries  is  limited  — 
such  conditions  obtaining  in  bat- 
teries for  yacht  lighting  and  the 
Uke  —  the  resistance  control  has 
some  merit. 
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A  booster  consists  of  a  dynamo  electric  machine,  the  armature  of  which 
ifl  in  the  battery  circuit,  its  E.M.F.  being  added  to  or  subtracted  from  that 
of  the  battery  to  produce  discharge  or  charge.  This  action  of  the  booster, 
i.e..  the  direction  and  magnitude  of  its  armature  E.M.F.,  may  be  auto- 
matically oc  manually  controlled. 
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Tlie  All 

As  shown  by  the  battery  curves  in  Fig.  2  the  maximum  Toltagie  per  esQ 
at  the  end  of  charsB  is  2.6  volts.  As  61  cells  are  required  for  a  oatteiy 
operating  on  a  llT>-volt  circuit,  the  total  charging  voltage  required  it 
2.6  X  61  =°  158.5  volts,  or  about  50  volts  higher  than  the  volta«e  of  the 
supply  circuit,^  and  to  fully  charge  the  battery  this  additional  ▼oltafe 
must  be  supplied  by  a  booster  or  by  an  excess  voltage  in  the  chargmg 
generator. 

Figure  13  shows  the  diagram  of  a  simple  charging  booster.  Its  armature 
should  be  wound  for  the  normal  charging  current,  and  have  a  mtL'rimr»wn 

voltage  equal  to  the  difference 
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between  that  of  the  supply 
circuit  and  the  maxiinum 
charging  voltage.  The  6eld 
is  separately  excited,  either 
from  the  bus  bars  or  the  bat- 
tery, and  the  voltage  at  tbs 
armature  may  be  varied  fay 
the  field  rheostat. 

Instead  of  diaehar^xK 
through  an  end  c^  awitm 
or  resistance,  the  current 
through  the  booster  field 
be  reversed  and  varied, 
that  the  E.  M.F.  of  its  an 
ture  may  oppose  that  of  the 
battery,  this  E.M.F.  beinc 
reducea  as  the  battery  vol- 
tage falls,  the  lUgebraic  sum 
of  the  booster  and  batteiy 
E.M.F.'s  being  always  equal 
to  that  of  the  supply  circuit. 
In  this  case,  however,  it  is 
usual  to  put  in  fewer  c^b,  the 
available  voltage  being  taken 
as  2  volts  per  cell.  On  dis- 
charge when  the  voltage  of 
all  cells  in  series  is  greater  than  that  of  the  supply  circuit,  the  booster  voltacs 
is  equal  to  the  excess  battery  voltage  over  the  supply  circuit  pptoitial, 
and  in  opposition  to  the  battery  voltage:  when  the  battery  voltage  becomes 
equal  to  that  of  the  supply  circuit  the  booster  voltage  is  sero;  when  the 
battery  voltage  falls  below  that  of  the  supply  circmt,  the  booeter  voltage 
must  then  be  in  a  direction  to  assist  the  batteiy,  adding  its  voltage  to 
that  of  the  batteiy. 
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In  batteries  which  are  used  for  reflation  on  fluctuating  loads,  the 
changes  from  charge  to  discharge  and  ince  vena  are  so  rapid  that  the  9taU 
of  battery  charge  changes  but  httle.  The  voltage  of  the  battery,  however, 
changes  with  these  fluctuations,  increasing  with  inflowing  and  decreasing 
with  outflowing  current.  ,  ,     ,  ,         .     .    . 

In  this  respect  the  storage  battery  has  much  the  same  eharaotenstios  as 
a  shunt  wound  generator:  with  increasing  output  the  battery  voltage  falls, 
due  to  the  drop  caused  by  internal  resistance  and  polanxation;  with 
decreasing  output  the  voltage  rises  for  the  same  reasons. 

These  voltage  changes  are  approximately  proportional  to  the  rate  of 
current  flow  causing  tliem.  The  fluctuations  coming  with  such  rapidity 
and  irregularity  must  be  automatically  compensated  for  by  changes  in 
booster  voltage,  which  vary  both  in  direction  and  magnitude  with  the 
direction  and  rate  of  current  flow. 

There  are  two  generic  types  of  automatic  boosters,  vis.,  the  non-reversiDle 
and  the  reversible. 


BOOSTBBS. 


893 


In  installations  wh&n  it  is  deuirad  to  supply  both  an  approximately 
constant  and  a  fluctuating  load,  from  the  same  generators  —  such  condi- 
tions obtaining  in  an  office  building  or  hotel,  vvhere  it  is  necesaazy  to  supply 


neeted  in  the  usual  manner  to  one  set  of  bus  bars,  and  the  lighting  circuits 
are  connected  across  these.  Across  the  other  set  of  bars  are  connected 
the  oirauits  supplying  the  fluctuating  load,  and  the  battery  is  also  con- 
nected directly  across  thetse  power  bars.  The  power  bars  are  supplied 
with  current  from  the  lifting  oars,  a  non-reversible  or  so-called  "  constant 
current"  booster  being  mterpoeed  between  the  two,  as  shown  in  Fig.  14. 
Since  this  permits  only  a  constant  current  to  pass  from  the  lighting  bus 
bars,  the  load  on  the  generator  does  not  vary^  although  the  load  on  the 
power  busses  may  vaiy  widely.  The  connections  and  operation  of  this 
system  are  as  follows:  • 


Fig.  14. 


The  booster  annatme  and  field  are  in  series  between  one  side  of  the  light- 
ing and  power  bus  bars.  A  shunt  field  is  also  provided,  which  acts  in 
opjKMition  to  the  series  field.  This  booster  carries  a  practically  unvarying 
current  from  the  lighting  to  the  power  bus  bars,  regardless  of  the  fluctua- 
tions of  the  external  load,  whion  current  is  equal  to  the  average  required 
by  the  fluctuating  load. 

Except  under  abnormal  conditions,  the  shunt  field  always  predominates, 
giving  a  voltage  which  is  added  to  that  of  the  lighting  bus  oars,  so  that  the 
voltage  across  the  power  busses  is  always  higher  than  that  across  the 
lif^ting  by  an  amount  equal  to  the  booster  voltage. 

If  an  excessive  load  comes  on  the  power  circuits,  the  increased  excita- 
tion of  the  series  coil,  due  to  a  slight  inerea<ie  in  current  from  the  lighting 
to  the  power  bus  bars,  lowers  the  booster  voltage  and  consequently  reduces 
the  voltage  across  the  power  bus  bars.  The  battery  discharges,  fumishing 
an  amount  of  current  equal  to  the  difTerence  between  that  reqmred  by  the 
load  and  the  constant  current  through  the  booster. 

If  the  power  load  decreases  below  the  nonnal  value,  the  slight  decrease 
in  current  in  the  booster  series  field  increases  the  booster  armature  voltage, 
and  the  excess  current  goes  into  the  battery.  The  booster  therefore  does 
not  in  reality  give  a  constant  current,  but  t^r  proper  design  the  varistion 
Bigf  ba  kept  within  a  few  per  cent. 
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Figure  16  flhowa  m  diagram  icpraeonting  one  form  of  boostar  tor  modap" 
ing  charge  and  disobarge  in  aeoordanoe  with  variations  in  load,  in  wfaidi  8 
represents  a  series  field  winding,  and  /  a  shunt  field  winding.  The  cen- 
eiator  output  passes  throudi  the  series  winding,  and  the  current  in  the 
coil  iS  is  to  remain  practicalb'  constant.  The  shunt  coil  /  produces  a  field 
which  opposes  the  field  produced  by  ^S,  the  resulting  magnetisation  being; 
in  direction  and  amount,  the  resultant  of  the  two  field  strengthe. 

The  adjustments  are  so  made  that 
when  the  normal  generator  ourrent  is 
passing  through  the  series  eoil  5,  the 
shunt  field  just  neutraliaes  ita  effect, 
and  the  resultant  ma^etiaation  is  aero. 
Sinee  the  open-drcuit  voltage  of  the 
battery  is  equal  to  that  of  the  system, 
neithw  charge  nor  dischange  takes  place. 
With  increased  demand  on  the  line,  the 
alight  increase  in  generator  current  in 
the  coil  S  overpowers  the  shunt  field,  and 
Fio.  15.  causes  an  E.M  Jf.  in  the  booster  armature 

in  such  a  direction  as  to  assist  discharfe. 
If  the  external  load  falls  below  the  averaoe  demand,  the  euirent  in  tos 
coil  S  decreases  slightly  so  that  the  shunt  field  predominates,  producing  a 
booster  armature  E.M.F.  in  a  direction  to  assist  charge.  Although  the 
voltage  of  the  battery  falls  while  discharging  by  an  amount  MoportioDal 
to  the  outflowing  ourrent,  the  increased  excitation  due  to  uiis  eurrent 
throui^  S  is  also  proportional  to  it,  and  tbe  booster  voltage  rises  as  that 
of  the  battery  falls,  tneir  sum  being  always  equal  to  that  of  the  ay  stem. 
In  other  words,  the  booster  serves  to  oomiwund  the  battery  for  constant 
potential. 

Sxianaally  OantroUed  lioostors. 

The  types  of  boosters  before  described^  depend  for  their  action  on  the 
differential  relation  of  shunt  and  series  coils,  and  produce  a  constant  volt- 
age change,  to  chante  or  discharge  the  battery,  with  a  given  <diance  in 
genemtor  current.  This  is  not  the  desired  relationship,  as  tha  voltaas 
required  to  effect  a  given  charge  or  discharge  of  a  battery  varies  greiktiy 
with  its  state  of  charge  and  its  condition.  Also,  such  booeten  require 
large  frames  for  a  given  kilowatt  capacity  in  order  to  aceommodate  the 
windingi. 

Recently,  systems  of  external  control  have  been  devised,  whioh  make 
use  of  ormnary  shunt-wound  machines  as  boostere,  the  fields  b^g  regu- 
lated to  produce  the  j^roper  voltages  for  effecting  charge  or  discharge,  by 
an  extemiU  device  which  is.  in  turn,  controlled  by  smaU  ehangss  ' 
ator  current.  So  successful  have 
these  later  forms  been,  that  they 
have  superseded  the  (Ufferentially 
wound  booeters  for  both  reversible 
and  non-reversible  control. 

One  form  is  that  of  Hubbard,  In 
which  the  external  controller  is  a 
small  exciting  dynamo.  The  gen- 
eral arrangement  is  diagrammati* 
caUv  shown  in  Fig.  16. 

Tne  exciter  is  provided  with  a 
single  series  coil,  tnrough  which  the 
station  output  or  a  proportional 
part  thereof ,  passes;  the  armature  of 
the  exciter  Ib  connected  to  the  excit- 
ing coil  on  the  booster,  and  thence 
across  the  mains,  as  shown.  With 
the  average  current  passing:  throu^ 
the  field  eoil  or  the  exdter/its  anna- 
ture  generates  an  B  JC.F.  which  is  equal  to  that  of  the  system,  and  in  eppo* 
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■itkm  to  it.  Tbeie  two  amorin^  E.H.F.'b  bahnoe.  and  no  oamnt  flow*  in 
the  booster  field  ccnla.  With  an  ineraaae  in  eztemaj  load  above  the  averai^, 
the  tendmosr  is  for  an  increase  to  take  place  throui^  the  exciter  aeries  coil, 
au^pnenting  its  field  strength  uid  oonsequentlv  the  exciter  annatursToUafle, 
This  latter  now  being  hif^er  than  that  of  tne  line,  causes  current  to  flow 
in  the  booster  field  coil*  in  such  a  diieotion  as  to  cause  an  £  Ji.F.  in  Uie 
booster  armature  which  assists  the  battery  to  discharge,  and  is  of  a  magni* 
tude  to  compensate  for  the  battery  drop  oocasionea  thereby.  When  the 
load  decreases  below  the  normal,  the  current  in  the  exdter  fidd  is  decreased, 
and  its  annature  voltage  falls  below  that  of  the  system.  Current  will  now 
flow  in  an  opposite  direction  in  the  booster  field  coil,  genexating  an  E.M.F. 
in  the  booster  armature  to  assist  charge.  Since  the  exciter  always  ^enei^ 
ates  a  voltage  in  opposition  to  that  of  the  line,  this  system  is  known  m  the 
trade  as  the  Counter  EJI.F.  System. 

Another  type  of  extenially 
controlled  booster  is  that  of 
Bints.  The  arrangement  and 
connecti<Hi8  are  shown  in 
Ilg.17. 

Ri  and  R9  are  two  resis- 
tances made  up  of  piles  of 
carbon  plates.  These  resis- 
tances diminish  greatly  in 
value  when  subjected  to  pres- 
sure. 1/  is  a  lever  resting  on 
the  to]^  of  the  piles,  Rt  and 
R2,  wluoh  is  pulled  downward 
to  compress  tiieo^,  by  the 
flflHing  at  one  end  and  the  electimnaanet  8  at  the  other,  as  shown. 

The  magnet  winding  is  in  aeries  witn  the  current  from  the  generator,  and 
with  normal  output  to  the  load  M.M.,  the  pressures  of  the  spring  and  the 
magnet  are  so  related  that  the  resistance  of  fit  equals  that  of  R%.  The 
booster  field  has  one  terminal  connected  to  the  middle  point  of  the  battery, 
and  the  other  terminal  is  connected  to  a  wire  which  joins  the  upper  ends  of 
the  two  carbon  piles. 

The  lower  end  of  Ri  is  connected  to  the  positive  side  of  the  circuit,  and 
the  lower  end  of  R9  to  the  negative  ride. 

The  drop  through  Rt  plus  /fa,  i.e.,  from  the  positive  to  the  negative  side, 
is  equal  to  the  potential  of  the  system,  and  theiefore,  when  Rt  is  equal  to  Rt 
the  drop  through  either  is  equal  to  one-half  the  potential  of  the  syston; 
hence  the  potential  of  the  terminal  of  the  field  coil  /,  connected  to  the 
upi>er  ends  of  the  resistances,  is  midway  between  the  potentials  of  the 
positive  and  neiEative  mains. 

Since  the  other  terminal  of  coil  /  is  connected  to  the  middle  point  of 
the  battery,  its  potential  is  also  midway  between  the  potentiate  of  the 
positive  ana  negative  mains,  from  which  it  follows  that  when  Rt  and  R^ 
are  equal  there  la  no  difference  of  potential  between  the  field  coil  tenni- 
nab,  consequently  no  excitation,  and  the  booster  potential  is  sero.. 

If  the  external  load  should  increase,  a  small  increase  in  generator  current 
will  cause  a  stronger  magnet  pull,  decreasing  the  resistance  of  Rt  and 
increasing  that  of  Kt,  The  drop  tmough  Rt  becomes  much  less  than  half 
the  potential  across  the  mains,  and  consequently  there  is  a  potential  across 
the  field  winding  /  to  cause  current  flow  from  the  middle  point  of  the 
battery,  through  the  winding,  through  the  diminished  resistance  Rt,  to  the 
n^ative  main.  This  produces  a  booster  E.M.F.  in  a  direction  to  dSschaige 
the  battery  and  cause  it  to  assist  the  generator  to  supply  the  load  demand. 

Conversely,  if  the  external  load  M.M.  should  decrease,  the  diminished 
puU  of  the  magnet  due  to  the  slight  decrease  in  generator  current  allows  the 

3 ring  pull  to  predominate,  and  the  resistance  of  Rt  is  decreased  while  that 
i?s  is  increased.  The  field  f  becomes  excited  by  current  fiow  from  the 
positive  main,  throusdi  the  diminished  resistance  fii.  throu^  field  f,  to 
the  middle  point  of  the  battery.  This  sets  up  an  E.M.F.  in  the  booster 
armature  to  charge  the  battery,  the  difference  between  the  normal  gen- 
erator output  and  the  load  demand  being  thus  absoibed. 

Owing  to  the  comparatively  small  cnange  in  the  pressures  which  the 
magnet  S  exerts,  and  the  thereby  limited  sise  of  the  carbon  piles,  this  sys- 
tcni  la  only  directly  applicable  to  small  boosters.    Where  larga  machines 
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are  to  be  controlled,  the  booster  has  a  small  exdtinff  dynamo,  Itm  field  baof 
controlled  as  above  described. 

Another  form  of  externally  controlled  booster  is  that  of  Bijur  and  s 
shown  diagramraatically  in  Fig.  18. 

The  booster  field  winding  has  one  terminal  connected  to  the  mid& 
point  of  the  battery,  the  other  terminal  being  connected  to  the  wire  join- 
mg  the  resistances  Ki  and  /22.  L  is  a  lever  carrying  at  either  end  a  number 
of  metallic  contact  points  Pi  and  P2  which  dip  into  troughs  of  mercnir 
Di  and  Z>2  when  one  end  of  the  lever  moves  upward  or  downward.  These 
points  are  connected  to  corresponding  points  on  their  respective  reaistaneei. 
and  therefore  all  of  the  resistances  connected  to  contact  points  which  si« 
immersed  in  the  mercury  are  short-circuited.  The  points  are  of  uneqiisi 
length,  being  in  a  step  formation,  so  that  they  gradiially  contact  with  the 
mercury  as  the  lever  is  moved. 

If  more  of  the  points  Pi  than  points  Ps  are  immersed  in  the  mercury  tbe 
resistance  Rt  is  less  than  Rt,  more  sections  of  it  being  short-circmted. 
Current  will  therefore  flow  from  the  middle  point  of  the  oattery.  throoak 
the  booster  field  f  and  throug^  resistance  Rs  to  the  negative  side  of  tm 
system,  exciting  the  booster  field  and  producing  a  booster  E.M.F.  to  chargi 
the  batteiy;  while  if  more  of  the  points  Pi  are  immersed  the  reaistanee  Rt 
becomes  the  smaller,  and  cuirent  then  flows  from  the  positive  aide  of  the 
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■vstem  through  resistance  Ri,  through  booster  field  f,  to  the  middle  point  of 
the  battery,  the  field  excitation  and  the  booster  E.M.F.  produced  bemg  in  a 
direction  opposite  to  the  first  described, and  tending  to  dischaige  the  batter)'. 

When  the  resistances  iZi  and  R%  are  equal  there  is  no  potential  to  send 
current  in  either  direction  through  the  field  coil  /. 

When  the  load  on  the  external  circuit  is  normal|  the  lever  Zr  is  in  a  bori- 
aontal  position,  resistance  of  Ri  is  equal  to  the  resistance  of  R«.  no  current 
flows  through  the  booster  field,  the  booster  E.BI.F.  is  aero,  and  no  eurrent 
passes  into  or  out  of  the  battery. 

With  increase  of  external  load  the  pull  of  magnet  8  is  strengthened  by  a 
small  increase  in  generator  current  passing  through  the  wmding.  Tina 
draws  down  the  left  end  of  lever  L,  overcommg  the  pull  of  the  spring;.  The 
contacts  Pi  are  immersed  to  a  greater  or  less  degree  in  the  mercur^jtheirebjr 
short-circuiting  portions  of  Ri  and  decreasing  its  resistance.  This  pro- 
duces a  current  now  in  the  booster  field  to  cause  an  E.M.F.  to  diacha^ 
the  battery  and  assist  the  generator  to  supply  the  load  denumd. 

A  decrease  in  external  load  is  attended  by  a  slight  diminution  in  gen- 
erator current;  magnet  S  is  weakened,  the  pull  of  the  spring  predominatef^ 
resulting  in  a  movement  of  the  lever  to  immerse  points  P9  in  the  mercuiy 
trough  1>3  and  thereby  reduce  the  resistance  of  k%  causing  excitation  « 
the  booster  field  to  produce  an  E.M.F.  to  send  change  into  the  battery. 

The  essentia]  difference  between  this  form  of  regulator  and  other  types 
is  that  the  design  provides  for  a  condition  of  neutral  equilibrium  between 
the  pull  of  the  magnet  and  that  of  the  spring  for  any  position  of  the  moving 
parts;  that  is,  with  a  given  current  passing  throu|ch  i9,  the  pull  of  the  mag- 
net balances  the  pull  of  the  spring  in  any  poeiUon  of  the  lever  L,  oonse- 
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Qiiently,  the  ohaoBe  in  the  generator  ourrent  with  chance  in  external  load 
im  not  proportional  to  the  load  but  is  a  fixed  amount.  This  variation  is 
just  Burocient  to  cause  such  a  change  in  the  puU  of  the  nuignet  that  the 
resulting  unbalanced  force  overcomes  the  friction  of  the  parts.  The  lever 
'will  begin  to  move  and  will  continue  to  move  imtil  the  current  through  8 
is  restored  to  its  normal  vaJue,  which  is  accomplished  by  causing  the  bat- 
tery to  absorb  or  discharge  current  equal  to  the  difference  between  the 
normal  generator  current  and  that  supplied  to  the  external  load.  The 
change  in  the  resistances,  being  made  by  the  inunersion  of  the  small  con- 
tact points  in  mercury,  offers  no  appreciable  op^sition  to  the  movem«at 
of  the  parts  and  thus  allows  a  contmuous  condSuon  of  neutral  equilibrium 
to  be  maintained  throughout  the  travel  of  the  moving  parts. 

Obviously  by  providing  externally  controlled  boosters  with  a  single  vari- 
able resistance,  a  non-reversible  booster  is  produced,  its  action  being  in 
^ect  the  same  as  that  described  under  the  heading  "Non-Reversible 
Booster." 

CompfirleoB  of  IBooetom. 

Reversible  boosters  should  be  used  where  the  averaoe,  total  current  to 
the  fluctuating  load  is  greater  than  the  battery  discharge  current,  and 
where  the  potential  of  the  power  bus  bars  must  not  fall  off  with  increase  in 
load.  Electric  raUway  ancf  lighting  plants  having  long  feeders  are  examples 
of  the  systems  to  which  reversible  boosters  are  suited.  Non-reversible 
boosters  should  be  used  where  the  average  total  load  is  less  than  the  bat' 
tery  discharge  current,  and  where  a  drop  in  the  potential  of  the  power  bus 
bars  is  of  advantage.  Examples  of  such  plants  are  hotel  or  apartment 
houses  where  electnc  elevators  are  operated  from  the  lighting  dynamos. 

Boosters  are  usually  driven  by  electric  motors  direotbv*  connected  to 
them,  though  any  form  of  driving  power  may  be  used.  They  are  some- 
times operated  by  engines  or  turbines. 


InstellatloBS. 

FEgnre  19  shows  diagram  of  connections  and  Fig.  20  the  switchboard  of 
a  battery  eqtiipment  for  a  residential  lighting  pl»it.  In  the  diagram,  the 
voltmeter  and  voltmeter  connections  have  been  omitted.  The  dus  bats 
cm  the  battery  panel  are  connected  directly  to  the  bus  ban  on  the  gene- 
rator panel.    In   this  installation  the  generators  are  run  during  the  aifter- 


I 


\L 


i 


•ATTiirr  e.  a 

UNDtNLOAO  at. 
CHANOI 
BOMTCR 


AMHUER  SHUNT 


•oorriN  riBLO 

KNROtTAT 


■NO  CtLLljiWlTCH 


l|l|.|l|l|l|l|l|l|l|l|l|lil|t|l|^ 


Fio.  19. 


STORAQB  BATTBRRSL 


charsEnff  th*  battery  & 
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on  diseharge  being  regulated  by  meane  of  an  end  cell  switch.  On  charge, 
the  E  JI.F.  above  that  of  the  boa  bare,  required  to  bring  all  ceUs  up  to  full 
charge,  ia  8U|>];>lied  by  means  of  a  motor  driven  charging  booster,  the  voltage 
at  the  armature  bein^  suitably  varied  by  changing  the  field  excitation. 

Fi^re  21  shows  diagram  of  connections  arranged  for  charging  the  bat- 
tery m  two  parallel  sroupe  and  discharging  in  series,  the  chai^  and  dis- 
chvge  being  oontroued  oy  variable  resistances.  In  yacht  hinting  the 
limited  space  generally  prohibits  the  use  of  a  charging  booster,  and  in  such 
instances  this  method  of  charge  and  discharge  control  is  the  usual  practice. 

In  case  the  generator  from  which  the  battery  is  charged  has  sufficient 
range  in  voltage  to  diarge  all  cells  in  series,  a  charging  booster  is  not 
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lequired,  nor  is  it  necessary  to  connect  groups  of  cells  in  parsllel,  as  the 
generator  voltage  may  be  varied  as  char^  proceeds. 

The  diagram  shown  in  Fig.  22  permits  of  charging  the  battery  at  one 
voltage  and  supplying  lights  at  a  different  voltage.  As  may  be  seen,  two 
end  cell  switches  are  required  for  this  plant.  The  voltam  of  the  supply 
cireuit  is  adjusted  by  the  number  of  cells  in  series  on  switch  S^,  while  Sz  is 
moved  to  cut  out  cells  as  they  become  fuUy  charged.  In  this  instance  the 
end  cells  included  between  the  contact  arms  of  the  two  end  cell  switches 
must  be  of  sufficient  size  to  receive  the  charging  current,  plus  the  current 
to  the  supply  circuit. 

If  the  battery  can  be  charged  at  times  when  the  generator  is  supplying 
no  other  load,  only  one  end  ceU  switch  is  required. 

Figure  23  shows  a  diagram  of  connections  for. a  constant  current  boostw 
system,  in  which  the  same  generators  supply  a  lighting  and  a  jwwer  loBid, 
the  battery  being  connected  directly  across  the  power  bus  bars.  The 
diagram  further  provides  for  the  battery  to  supply  lights  at  such  times  as 
the  generators  may  be  shut  down. 
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In  three-wire  83r8tems  it  is  usual  to  put  in  two  equipments,  one  on  each 
side  of  the  system.  Figs.  24  and  25  show  the  general  schemes  of  two 
different  three-wire  systems:  the  one  shown  in  Fig.  24  oonrists  of  a  com- 
plete battery  equipment  and  charging  booster  on  each  nde  of  the  system. 
In  this  diaipram  tne  generators  are  connected  to  the  outsides  of  the  hoe, 
the  nontrsl  being  taken  from  the  battery.  This  makes  a  good  arrange- 
ment. One  side  of  the  battery  system  will  discharge  a  sufficient  current 
to  ti^Be  up  any  unbaknoed  load. 
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FSgare  25  is  a  battery  three-wire  aystem  in  which  only  ooa  botMter  li 
used.  The  main  battery  ia  charged  from  the  outaides  of  the  system,  and  Uv 
booster  forms  a  local  circuit  of  the  end  cells  and  gives  them  the  proper 
charge;  the  voltage  of  the  system  being  hifch  enou^  to  charge  the  oellt  m 
the  main  battery.  In  the  boosters  shown  in  these  diagiama  the  amis' 
tures  only  have  been  indicated,  as  in  nearly  every  instance  boosters  as 
three-wire  systems  are  merely  charging  machines,  the  fields  being  scpsr 
rately  excited  from  the  bus  ban  or  from  the  battery. 

Figures  26  and  27  show  clearly  the  switchboard  connections  of  a  ocntisi 
station  batteiy  working  on  three-wire  systems.  It  is  obvious  that  the 
systems  would  work  just  as  satisfiaotorily  if  the  generators  were  of  a  poUtt> 
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tial  equal  to  that  of  the  outsides,  and  connected  directly 
as  any  unbalancing  would  be  taken  up  by  the  batteries. 


the 


In  computing  the  capacity  of  a  battery  to  give  a  certain  diseharce.  H  ii 
necessary  to  take  into  account  the  fact  that  the  capacity  of  a  oatUry 
varies  greatly  with  the  rate  of  discharge.  This  variation  m  capacity  esa 
be  computed  from  the  curves,  Fig.  1.  Taking  the  ei^t-hour  rating  as  s 
basis,  it  is  seen  that  only  60  i>er  cent  of  the  ampere  hour  capacity  is  avail- 
able at  the  one-hour  rate  of  (Uscharge.  Therefore  if  200  ampere  hours  bt 
ramiired  at  the  one-hour  rate,  the  normal  ampere  hour  capacity  must  bs 

-Q^  ■■  400  ampere  hours.     In  a  like  manner  the  normal  capacity  requind 

for  any  other  rate  may  be  obtained.    In  the  case  of  a  k)ad  curve  aoeh  ai 
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that  dhown  in  Flc.  7,  wh«n  the  peak  dBe  is  to  be  carried  by  the  battery. 
it  will  be  Men  tnat  the  rate  <n  battenf  discharge  changes  oontinaaUy. 
If  the  area  of  the  peak  be  taken   above  the  Une  of  generation  supply. 
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"  de,"  it  will  be  found  equal  to  550  ampere  hours,  and  the  time  of  discbarsB 

is  2.1  hours. 

On  a  basis  of  the  two-hour  discharge  rate,  the  aiae  of  battery  required 

550 
—  ^js-  —  860  ampere  hours.     This,  however,  is  the  average  rate  (rf  die- 

charge  and  on  a  basis  of  860  ampere  hours  battery  capacity.    When  tbe 
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disebarce  takes  place  along  the  high  portion  of  the  peak  at  B  the  amperes 
supplied  by  the  battery  are  400,  wmch  is  nearly  the  one-hour  rate.  To 
determine  the  actual  capacity  required  to  take  care  of  the  load  indicated, 
asiiime  a  capacity  greater  than  that  necessary  for  the  ayemge  rateof 
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discharge.  The  portion  of  the  load  peak  to  be  carried  by  the,  battery  is 
dividea  into  vertical  divisions,  as  indicated  by  the  dotted  lines.  The 
ampere  hours  of  each  strip,  divided  by  the  rate  of  discharge  factor  (from 
curves.  Fig.  I),  gives  the  ampere  hours  capacity,  on  a  basis  of  the  normal 
f^te,  requipsd  for  that  particular  strip.    The  sum  of  all  these  capacities 
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moat  be  the  capacity  of  the  proper  battery.  If  the  amumed  flsare  be  toe 
■mall  or  too  large,  a  second  computation  must  be  made,  based  on  a  oupa 
city  aeain  assumed,  which  is  greater  or  less  than  that  just  taken  acconan:: 
as  the  result  of  the  first  computation  is  too  small  or  too  large  For  instaoee, 
if  peak  E  be  divided  vertically  into  areas  V,  TT ,  X,  Y,  and  a  900  ampoe 
hour  battery  assumed  as  the  proper  sise,  the  nomud  rate  of  dischaz^s  vil 
be  112.5  amperes.  The  ampere  hours  of  area  V  are  75,  and  the  average 
discharge  rate  is  210  amperes.  Dividing  210  by  the  amt>eres  of  nomal 
discharae,  the  result  is  1.86.  Locating  1.86  on  the  ricdit-baiid  scale  at 
curve,  Fig.  1,  and  moving  horizontally  to  curve  No.  2,  and  then  dowunaiiii 
to  the  lower  scale,  it  is  seen  that  this  corresponds  to  the  3i-hour  rate.  Tlw 
percentage  of  the  normal  capacity  at  the  eight-hour  rate,  when  the 


charge  takes  place  at  the  3i-hour  rate,  is  shown  by  curve,  Fig.  1,  to  be  76 

_  75 

per  cent.    The  capacity  required  to  cover  strip  V  then  is  -=^  ■■  90  ampere 

.7t> 

hours.     Similarly  the  ampere  hours  of  strip  W  are  103,  the  rate  of  dis- 

340 
charge  340  amperes,  the  factor  —  --.  -  »  3.02  corresponding  to  the  1|- 

hour  rate.    Percentage  of  eight-hour  cajMuaty,  .58,  and  ampere  boon  ■* 

:68   ^*- 

In  a  like  manner,  the  capacity  required  for  area  X  is  269  ampere  homa. 
and  for  Y  is  237  ampere  hours,  the  sum  b^ng  938  ampere  hours.  The 
assumed  capacity  is  therefore  nearly  correct,  and  a  950  ampere  battery 
will  be  the  proper  sixe  in  this  case. 

If  the  battery  is  also  to  be  used  for  supplying  the  light  load  from  11  pjc 
to  5  A.M.,  the  capacity  must  be  computed  from  the  area  h,  k,  m,  n,  which  is 
990  ampere  hours.  The  rate  of  discharge  is  fairly  constant,  and  extends 
over  six  hours.  The  percentage  of  normal  capacity  available  at  the  six- 
hour  rate  of  discharge  is  94  per  cent. 

990 

-^  —  1050  —  ampere  hour  capacity  of  battery  required  to  carry  thff 

load  giTen  from  11  p.m.  to  5  a.m. 


•traiMrilk  o'  IMlnto  ftnlplivrlc  Aeld  of  IM0B] 
]»eiial«l«a  at  Ifto  C.  (»•<>  f .) 

{Otto.) 


Per  Cent 

Specific 

Per  Cent 

Percent 

Spedfio 

Per  Gent 

of  H^04. 

Gravity. 

of  SO». 

of  H3SO4. 

Gravity. 

ofSQa. 

100 

1.842 

81.63 

23 

1.167 

18.77 

40 

1.306 

32.65 

22 

1.159 

17.05 

31 

1.231 

25.30 

21 

1.151 

17.40 

30 

1.223 

24.49 

20 

1.144 

16.32 

29 

1.215 

23.67 

19 

1.136 

15.51 

28 

1.206 

22.85 

18 

1.129 

14.60 

27 

1.198 

22.03 

17 

1.121 

13.87 

20 

1.190 

21.22 

16 

1.116 

13.06 

25 

1.182 

20.40 

15 

1.106 

12.24 

24 

1.174 

19.58 

14 

1.098 

11.42 

Ordinarily  in  Aocumulators  the  densities  of  the  Dilute  Acid  vary  bet^ 
1.150  and  1J230. 
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CONDUCTING   POWER  OF   ACID. 
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Power  of  IHI«ie  Anlplivilc  Add 
of  Various  Atroartli*. 

(Matthiessen.) 


^ 

Sulphuric 

Relative 

Specifio 

Acid  in 

Temperature. 

Reeistanoes. 

Gravity. 

lOOparts 
by  Weight. 

C.° 

Ohmflper 
cubic  oentimetera. 

1.003 

0.5 

16.1 

16.01 

1.018 

2.2 

16.2 

6.47 

1.063 

7.9 

13.7 

1.884 

1.080 

12.0 

12.8 

1.368 

1.147 

20.8 

13.6 

.960 

1.190 

26.4 

13.0 

.871 

1.216 

29.6 

12.3 

.830 

1.226 

30.9 

13.6 

.862 

1.262 

34.3 

13.6 

.874 

1.277 

37.3 

•       •       • 

.930 

1.34S 

45.4 

17.9 

.973 

1.383 

60.6 

14.6 

1.086 

1.492 

60.6 

13.8 

1.649 

l.(»S 

73.7 

14.3 

2.786    ' 

1.726 

81.2 

16.3 

4.337 

1.827 

92.7 

14.3 

5.320 

1.83S 

100.0 

•    •    • 

•      •       • 

Oondvctlavr  Power  of  Acid  and  Saline  Solnttons. 

Copper  (Metallic)  at  66°  P 100,000,000. 

Sulphuric  Acid 1  Measure     ) 

Water 11  Measures    (  qa  n  .n>^w^-»;««i.«« 

(Equal  to  14.32  parts  by  weight  of  Acid  in  100  (  **•"  »PPro»ra*t«- 

parta  of  the  mixture),  at  66°  F 7 

Sulphate  of  Copper,  saturated  solution  at  66°  F.       6.1  ** 

Chloride  of  Sodium,  saturated  solution  at  66°  F.     36.0  ** 

Sulphate  of  Zinc,  saturated  solution  at  66°  F.   .       6.4  '* 
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SWITCHBOARDS. 
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Tbs  object  of  a  switchboard  is  to  collect  the  electrical  energy  in  an  ii 
tion,  for  the  purposes  of  control,  measurement  and  distribution. 

In  small  stations  this  is  accomplished  by  concentrating  the  energy  at  a 
single  place.  In  the  large  modem  stations  this  is  often  impractical,  and  it 
b,  th€ffefor8,  customary  to  concentrate  only  the  control  and  meaaurii^ 
apparatus. 

There  are  two  genwal  types  of  switchboards: 

(1)  IHiwct-Coiitrol  Paa«l  Awltcliboai<da,  in  which  the  switGhtBg 
and  measuring  apparatus  is  mounted  directly  on  the  switchboards. 

(2)  Remote-Coatrol  Awltcbboaraa,  in  which  the  main  current 
carrying  parts  are  at  some  distance  from  the  controlling  and  meaeuriiM 
api>aratU8.  This  type  may  again  be  divided  into  two  livisions,  vis.:  Aonf 
operaUd  remote-control,  and  power-operated  remote-contro?  apparatus.  Tlie 
best  modem  power-operated  apparatus  is  electrically  operated,  tdthough 
there  are  a  few  installations  which  have  employed  compressed  air. 

The  above  general  types  may  both  be  sub-divided  into  Direct-Current 
and  Alternating-Current  Hwitchboutls,  and  there  are  numerous  and  dntiiMt 
classes  in  each  subdivision. 

It  is  customary  to  moimt  apparatus  and  switching  devices  for  low-tenaioB 
service  up  to  and  including  7oO  volts  directly  on  the  face  of  the  srwitchboaxd 
panels  umees  provided  with  suitable  insulating  covers  or  is  out  of  reach  of  the 
operator. 

If  the  clsat  is  of  small  capacity,  the  switching  devices  and  conduetois  may 
be  provided  fcnr  on  the  rear  of  the  panels.  Heavy  capacity  phu^ts  fixun  3200 
to  6000  volts,  however,  are  invariably  remote  contrcd,  and  nearly  always 
electrically  operated. 

In  all  high-tension  plants  from  6600  to  33,000  volts  the  switchboard  is  inr 
variably  remote  control^  and  if  of  heavy  capacity  it  is  invariably  electrically 
operated.  In  large  stations,  for  pressures  above  33,000  volts,  switchboaitb 
are  invariably  electrically  operated  remote  control.  In  small  capacity 
installations  where  the  high-pressure  service  consists  of  only  one  or  two 
incoming  lines,  which  will  not  warrant  expensive  remote  control  switches, 
a  set  gI  simple  fused  circuit  br^tkers  or  expulsion  fuses  are  often  iTM^fMiiij 
and  a  swit<mboard  dispensed  with.  Cut  out  switches  are  used,  bowercr, 
in  addition,  for  disconnecting  the  lines. 

]»eslm  of  IHi-ect-Coatrol  Panel  AwlteUMwrds. — In  de- 
signing buildings  for  control  stations  or  isolated  plants,  the  switiA  board 
should  be  located  in  an  accessible  place,  with  plenty  of  room  in  front  and 
rear.  If  care  is  taken  in  locating  the  various  panels  with  respect  to  the 
machines  and  feeders  to  be  controlled,  much  unnecessary  expense  and 
plication  may  be  avoided. 

If  extensions  to  switchboards  are  expected,  which  is  usually  the 

Eanels  controlling  generators  should  be  together  at  one  end  of  the  switch- 
oard,  and  those  controlling  feeders  at  the  other  end.  When  total  output 
panels  are  used,  they  are  placed  between  the  generator  and  feeder  seetioos. 
It  is  advisable,  however,  m  some  special  cases,  in  order  to  save  copper  in 
the  busses  and  simplify  the  station  wiring,  to  intermingle  the  generator  and 
feeder  switches  although  even  in  this  case  it  is  desirable  to  noup  the  gen- 
erator indicating  devices  together  and  likewise  those  of  the  feeders. 

Unnecessary  complications  and  extra  flexibility  being  at  the  expense  of 
simplicity  are  always  to  be  avoided.  For  instance,  in  a  nuijcrity  of  eases 
it  would  seem  unnecessary  to  provide  more  than  one  set  of  ba<9  bars. 

Plainness,  neatness,  and  symmetry  in  design  should  be  aimed  at,  and 
nothin£[  placed  on  the  switchboard  which  has  no  other  function  than  orna- 
mentation. 

Sufficient  indicating  and  recording  instruments  should  be  uaed  to  deUr 
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mine  if  the  maehinM  are  working  effldently,  to  obtain  a  reoord  of  the  out]>ut 
of  the  feeders,  to  detect  external  or  internal  troubles,  and  to  check  with 
records  obtained  from  outside  sources.  The  degree  of  accuracy  required  in 
the  switchboard  instruments  depends  entirely  Uj^n  the  conditions  involved, 
Kreater  accuracy  being  required  where  power  is  bousht  or  sold.  Instru" 
ments  which  are  accurate  to  within  2  per  cent  of  the  full  scale  deflection  will 
generaily  fulfill  all  requirements. 

Switimboards  are  now  standardised,  covering  a  large  range  of  requirements, 
and  etandard  panels  are  advisable  for  general  use,  although  special  conditions 
may  usually  be  met  with  small  modincations  of  the  standards. 

For  ordinary  direct-current  switchboards,  4  feet  is  little  enough  behind 
the  panels.  In  any  case  there  should  be  a  clear  s]moe  between  the  connec- 
tions on  the  panels  and  the  wall  of  2i  to  3  feet.  Tor  heavy  direct-current 
work  and  most  altemating-cuirent  work  it  is  often  necessary  to  have  6  to 
8  feet  behind  the  panels. 

Hand-control  panel  switchboards  may  not  be  advisable  in  direct-current 
stations  where  capacities  are  laijge^  and  in  such  cases  remote-control  installa- 
tions should  be  considered.  It  is  hke^iise  inadvisable  to  design  switchboards 
of  this  class  for  heavy  capacity  alternating-current  circuits  of  2200  volts  or 
upward,  as  the  oonductors  for  such  service  should  be  specially  isolated. 

It  should  be  noted  especial^  that  heavy  capacity  conductors  and  switch- 
ing devices  for  circuits  of  4000  alternations  and  above  should  be  avoided, 
on  account  of  excessive  heating  to  be  met  with  due  to  eddy  currents  in  the 
conductors.  It  is  doubtful  if  satisfactory  switching  devices  can  be  Mudly 
procured,  which  will  carrv  currents  of  more  than  3000  amperes  at  7200 
alternations  or  the  equivalent,  and  such  devices  require  special  design  and 
expense. 

In  looating  switching  apparatus  it  is  usually  assumed  that  dynamo  leads 
come  up  from  below,  and  feeder  wires  go  out  overhead  except  that  under- 
ground feedexs  naturally  go  out  bdow. 

In  order  to  avoid  a  very  unsightly  complication  of  wiring  and  apparatus 
on  the  rear  of  switchboards,  it  is  best  to  locate  series  and  voltage  trans- 
formers apart  from  the  switchboard  on  the  incoming  and  outgoing  cables, 
if  at  all  poasible,  and  to  make  All  large  rheostats  operate  with  sprocket  and 
chain,  thus  locating  the  rheostats  separate  also.  Any  extensive  system  of 
fuses  to  be  sum>liea  on  the  rear  should  preferably  be  provided  for  on  a  sepa- 
rate framework. 

The  material  from  which  panels  should  be  made  varies  with  the  service. 
Plain  slate  can  be  used  for  any  panels  where  the  potentials  are  not  above 
1200  volte.  This  date  may  be  either  plain,  or  oil  filled,  or  it  may  be  given  a 
black  finish.  The  black  enamelled  slate  is  very  satisfactory  for  use  where 
oil  is  prevalent,  but  it  shows  scratches  easily,  and  is  not  easily  repaired  if 
chipped.  The  most  popular  finish  is  the  natural  black  oil  finish  slate,  which 
may  be  made  oil  proof,  and  is  a  durable  dead  black.  It  is  easily  replaced  when 
damaged. 

For  switch  bases  and  panels  not  requiring  finish,  soi^pstone  is  often  used 
as  it  is  a  better  insulator  than  slate,  toe  latter  bemg  liable  to  contain  con- 
ducting veins.    Such  slate  should  be  rejected. 

Marble  is  largely  used  for  switohboartl  panels  because  of  its  good  insulating 
gtialities.  Many  varietiee  are  available,  the  most  conunon  being  the  white 
Italian,  pink  or  fovy  Tennessee,  and  several  varieties  of  blue  Vermont  marble. 
The  colored  marbles  do  not  show  oil  stains  as  readily  as  the  white  varieties, 
and  present  a  more  pleasing  appearance.  The  blue  Vermont  marbles  are  more 
unifomx  in  coloring,  and  therefore  easier  to  match ;  but  if  absolute  uniformity 
in  this  respect  is  deeirable,  it  is  advisable  that  all  panels  be  given  a  black  marine 
finish,  as  It  is  often  difficult  to  get  new  panels  with  exactly  the  same  shades  and 
Tn^yiHtigM  as  those  it  is  desired  to  match,  marble  being  a  natural  product. 

Standaid  Central  Station  switchboard  panels  are  commonly  made  DO  inchee 
high,  and  composed  of  two  or  three  slabs.  The  upper  slab  of  a  two-piece 
panel  is  usually  from  60  to  65  inches  high,  the  lower  one  being  from  25  to  80 
inches  ioah.  The  General  Electric  Company's  three-section  panels  are  upper 
and  midiffft  sections  31  inches  each  and  the  lower  section  is  28  mches,  the  corre- 
sponding WcNBtinghouse  standud  being  65  and  25  inches.  The  Westinghoitse 
tnree^ieoe  panM  has  an  upper  slab  20  inches  high,  middle  slab  45  inches 
high  and  lower  slab  25  inches,  the  20-inch  slab  being  provided  primarily  to 
permit  circuit  breakers  to  be  directly  mounted  thereon,  and  allow  of  easy 
lemov-al  in  case  of  substitution  or  rejMurs. 
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The  Geoenl  Elecliio  Compuiy  ilao  makea  puxl*  of  nay  idn*  up  to  48  m 
hi^  Kiid  1 1  inc^n  [hick  tor  iioliiled  pluiU.  Fuiels  48  ischeg  high  u«  mou 
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E^ach  puisl  IB  beveled  )  to  )  iDoh  ell  eniuiid  the  troat  oIce*,  tl 


u  beiod  meuund  (nm  the  edge*  of  tl»  puiel.  and  a 


The  Ceutiif  Ststiea  Switchboaid  fi 


re  often  mede  of  oha 


KD^e  ban  Tujing  ffom  II  X  1|  X  1  inohee  to  S  X  1  X  1;  iBOhea  or  ll-iucb 

tat  iHpe.     The  eniEle  bui  an  nipported  in  ui  upright  poation  on  s  ]tntl  maf 

■rtiioh  neta  on  the  floor.    Thin  m^  ' '  -'~'-   —  ■ '-"  -"■ '  ' 

hardwood  plank. 

The  panela  an  bolted  to  tbcr  nam. 
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The  framework  of  all  ewitohboardB  should  be  inwulnted  from  groood  when 
uaed  on  sprstema  of  600  volts  or  less.  In  high-tension  altemating-oarrent 
evBtems,  it  is  neoessary  to  ground  all  framework  to  oarry  off  statio  dis- 
oinarges,  and  to  insure  safety  to  the  operator,  should  he  touch  the  frame- 
vork.  For  securing  the  frame  in  a  vertical  position,  rods  are  used  with  or 
without  turnbuokles,  or  else  angle  iron  braces. 

Aa  a  general  thinjc,  alternating  and  direct-current  panels  should  never  be 
intermingled,  especially  when  this  involves  the  mini^ing  of  conduotora  on 
the  rear. 

It  is  recommended  that  illuminating  lamns  be  omitted  from  the  front  of 
•witchbouds,  and  that  the  instruments  be  illuminated  by  lamps  in  front  of 
the  same. 

The  copper  ban  and  eonneoUona  on  the  rear  of  switchboards  should  be 
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Fio.  4.  Showing  Method 
of  Bradng  S^tchboard 
Panel  toWall. 
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Fig.  5.    Showing  Qaspipe 
Framework. 


earef  ully  laid  out  in  order  that  the  current  may  be  carried  economically  and 
without  overheating,  and  especially  to  prevent  undue  crowding  and  msure 
a  neat  and  workmanlike  appearance.  The  best  i>ractice  requires  that  bus 
bars  be  not  placed  near  the  floor.  Switches,  oirouit  breakers  and  other 
apparatus  are  connected  up  with  bare  copper  strap  or  insulated  wire  as 
occasion  rejiuires,  bent  in  suitable  forms.  Where  bus  ban  are  not  rigidly 
supported,  it  is  not  recommended,  as  a  rule,  to  have  long  studs  on  the  appa- 
ratus, projecting  out  far  enough  to  connect  to  the  busses,  as  the  strain  on 
the  apparatus  due  to  the  weight  of  the  busses  may  affect  the  adjustment 
of  electrical  contacts.  Except  for  small  switchboards  the  bus  ban  are 
usually  supplied  with  insulated  supports. 

Bare  flat  or  round  copper  ban  are  now  used  almoet  univenally  for  con- 
dueton  on  low-potential  switchboards,  the  flat  bar  being  usually  preferred 
on  account  of  ease  in  making  connections  and  the  facility  with  which  addi- 
tional capacity  may  be  provided  for.  The  prevailing  thicknesses  vary  from 
i  to  I  inches  with  widUis  proportioned  to  suit  the  capacity.  The  sise  of 
copper  conductor  is  usually  figured  out  on  the  basis  of  800  to  1000  amperM 
per  square  inch  of  cross  section .    By  properly  laminating  the  ban,  even  very 
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heavy  currents  ms^  be  provided  for  on  this  baass.  Contact  surfaoea  ahonU 
be  figured  on  a  basis  of  100  to  200  amperes  per  square  inch  according  to  the 
method  of  clamping,  bolting,  or  soldenng.  Steel  oolts  are  used  in  cUunpizK. 
Care  must  be  taken,  however,  with  alternating-current  circuits  to  see  thai 
iron  clamping  plates  and  bolts  do  not  form  complete  magnetic  circuits  and 
cause  undue  heating,  due  to  eddy  currents  set  up  in  the  iron. 

Connections  and  apparatus  for  carrsring  current  should  be  guaranteed  to 
carry  their  normal  current  at  a  temperature  rise  not  exceeding  Z(P  C,  abov« 
the  surrounding  air.  Rolled  copper  should  be  used  for  conductors  to  secure 
the  best  conductivity,  but  it  is  often  necessary  to  use  copper  or  brass  casting- 
As  their  conductivity  is  usually  low,  such  materials  should  be  avoided  m 
much  as  possible.  Where  it  is  necessary  to  use  castings  they  should  be  of 
new  metal  only  and  care  should  be  taken  to  insist  on  a  standard  of  condu^ 
tivity  for  each  piece  where  such  a  condition  counts.  The  ordinary  mixtures 
vary  from  12  to  18  per  cent  according  to  mixture.  A  conductivity  of  50  per 
cent  may  be  considered  high  and  sufficient,  but  it  is  not  obtainable  in  s 
regular  brass  casting. 

The  following  table  from  "Modem  Switchboards,**  by  A.  B.  Herrick.  s^res 
percentages  of  mixtures  with  resulting  conductivity  as  compared  with  100 
per  cent  copper: 


% 

7o 

Conduc- 

% 

J^o 

Conduc- 

Copper. 

zinc. 

tivity. 

Copper. 

tin. 

tivity. 

98.44 

1.56 

46.88 

98.59 

1.41 

62.46 

94.49 

5.51 

33.32 

93.98 

6.02 

19.68 

88.89 

11.11 

25.50 

90.30 

9.70 

12.19 

86.67 

13.33 

30.90 

89.70 

10.30 

10.21 

82.54 

17.60 

29.20 

88.39 

11.61 

12.10 

76.00 

25.00 

22.08 

87.65 

12.35 

10.15 

78.30 

36.70 

22.27 

85.09 

14.91 

8.82 

67.74 

32.26 

26.40 

16.40 

83.60 

12.76 

100.00 

27.39 

100.00 

11.45 

AH  minor  connections  to  bus  bars  such  as  switch  leads,  feeder  tmninals. 
or  any  attachments  whatsoever,  whether  clamped,  bolted  or  soldered,  shoula 
have  ample  contact  surface  contact  rated  at  100  amperes  per  square  inch, 
and  all  round  conductors  should  be  cup-soldered  to  flat  lugs  leavuig  proper 
amounts  c^  contact  surface. 

Cup-soldered  connections  should  enter  the  sockets  from  two  to  three 
diameters.  All  permanent  joints  of  this  nature  should  be  soldered,  as 
required  by  the  National  Board  of  Fire  Underwriters.  Where  it  is  essential 
to  leave  a  joint  that  may  be  easily  disconnected,  the  old  style  sleeve  or 
socket  with  binding  screws  can  be  used,  but  the  connections  should  enter 
from  four  to  ten  diameters  to  make  a  secure  connection. 

An  exceedingly  clever  device  to  take  the  place  of  the  connection  lefeiieJ 
to  or  to  use  in  place  of  cup-soldering  is  the  Doesert  joint  whi<^  is  ouieUy 
and  easily  applied  to  the  end  of  a  wire  or  cable,  and  is  so  desisnea  as  to 
insure  the  full  conductivity  of  the  conductor  to  which  it  is  applied. 

The  tables  given  below  furnish  the  electrical  constants  of  copper  and 
aluminum  bars  which  are  most  likely  to  be  of  use  to  the  switchboard  cMsicncr. 
The  current  which  any  given  section  may  oaiT^  is  calculated  upon  the  basis 
of  a  load  factor  oi  50  per  cent,  and  the  densities  given  are  those  which  for 
average  conditions  of  radiation  would  result  in  a  temperature  rise  of  aboat 
10  degrees  Centigrade.  Where  the  lo|ad  factor  is  to  be  100  per  cent,  and  it 
is  desired  to  keep  the  heating  within  the  above  limits,  the  current  densitieB 
must  be  halved. 

The  data  given  show  in  an  interesting  mannw  the  relative  values  oi  copper 
and  aluminum  in  switchboard  construction. 
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Gireuit  braaken,  if  requirad  to  open  drouits  cairyinc  heavy  loada,  AmM 
be  mounted  at  the  top  of  the  panels  to  give  the  arc  plenty  of  loom  to  riee 
without  Boorohing  the  instrumenta  or  the  panel,  and  to  keep  it  above  the 
attendant's  head.  Instruments  should  be  moimted  below  the  droiiit  brea)^ 
ers,  while  the  lower  portion  of  the  panel  should  be  utilised  for  switching 
devices. 

Switches,  mrouit  breakers  and  fuses  are  usually  rated  at  their  maidmiiin 
continuous  ampere  capacity  and  for  this  reason  care  should  be  taken  in 
selecting  these  devices.  Take  into  account  the  one  hour^  two  hour  and 
three  hour  overload  guarantee  on  the  machines.  Indicating  instruments 
should  have  scales  caObrated  to  read  in  excess  of  the  ov«ioad  guarantee  of 
the  machines  to  which  the^r  are  to  be  connected.  It  is  usually  good  praeCiee 
to  have  the  needle  about  in  the  middle  of  the  scale  at  normal  load,  but  a 
good  reading  should  be  obtained  as  low  as  one  quarter  load.  Meters  affected 
by  stray  fields  should  be  k^t  away  from  the  innuence  of  connections  eairying 
heavy  currents. 

Panel  switchboards  for  small  capacity  stations  for  altematinc-euirent 
circuits  from  480  to  8300  volts  are  usually  supplied  with  oil  switduBs. 
mounted  on  the  back  of  the  panels,  with  handles  for  manual  operation  on 
the  front.  In  large  stations,  however,  these  are  usually  replaced  by  reaiota> 
control  switches. 

ImsiilatlOH  ]»lstaHC«s« — In  high  voltage  switchboard  work  where 
Uiere  are  bare  conductors,  safe  distances  must  be  maintained  between  the 
conductors  and  from  the  conductors  to  the  switchboard  structure.  The 
striking  distance  through  air  may  be  somewhat  lees  than  the  distance  over 
surfaces.  The  air  distance  should  not  be  less  than  two  and  one  half  times 
the  striking  distance  of  the  given  voltage  as  taken  from  the  curve  on  page 
4d2,  and  the  surface  distance  should  not  be  lees  than  three  times  the  air 
distance  allowed  for  the  given  voltage.  It  is  obvious  that  the  greater  the 
distance  the  greater  the  factor  of  safety ;  and  in  large  capacity  stations  Uds 
greater  factor  of  safety  is  usually  advisable  on  aooountof  the  greater  iaamt- 
ance  given  by  the  use  of  greater  distances. 

The  creepage  distance  to  be  maintained  in  the  switchboard  depends  upon 
many  ooncutions  some  of  which  are:  The  material  of  the  surf  ads:  the  con- 
tour of  the  surface:  the  liability  to  collect  dust  and  the  properties  oc  the  dust; 
and  the  amount  of  moisture  in  the  atmosphere. 


The  instruments,  switches,  etc.,  required  for  the  various  types  of  pansb 
are  listed  below,  for  assistance  to  the  ennneer  when  designing  a  switob- 
board.    Each  type  of  panel  wiU  be  described  individually. 


3  Ammeters  (one  is  sufficient  for  practically  balanced  loads  or  may 
be  connected  by  means  of  plugs  or  ammeter  transfer  switdies,  so  as 
to  read  the  current  in  either  of  the  3  phases). 

1    Voltmeter. 

1    Polyphase  indicating  wattmstsr. 

1     Fi«d  ammeter. 

1     Polyphase  integrating  wattmeter   (optional). 

1  Wattless  component  indicator  or  power-factor  indicator  (opBonal). 
The  first  instrument  indicates  the  useless  watts  and  the  iheostat 
should  be  adjusted  to  reduce  them  to  a  minimum.  The  power- 
factor  indicator  is  used  for  the  same  purpose,  but  does  not  give  a 
direct  indication  of  the  idle  currents  at  all  loads. 

1  Voltmeter  switch  for  reading  voltage  on  either  of  the  3  posses 
(on  balanced  systems  this  is  usually  omitted  and  voltmeter  p»- 
manently  connected  to  one  phase).      ,    .,    ^  .        ,  ,^ 

1     Ssmchronising  switch  (one  synchronism  indicator  can  be  used  for 

all  generators).  .      .        #       «        _i.i 

1  Field  rheostat  with  chain  operatmg  mechanism  (small  macbinei 
may  have  the  rheostat  mounted  at  the  back  of  the  panel).  If 
electrically  operated  rheostats  are  used  the  handwheel  would  be 
replaced  By  a  controlling  switch. 


i 
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1    Field  switch  with  discham  dips. 
1    Diaoharge  nuatanoe  for  field  dreuit. 

1  Non-automatio  main  switch  (oontrolling  switofa  required  If  oil  switdb 

eleotriealiy- operated  is  used). 

2  Current  trenaformerB  (3  transormen  are  neoeeeary  if  neutral  dtf 

generator  is  nounded). 
Pbtential  tnmsonneri  (3  potential  tranaformeni  are  desirable  if 
neutral  of  generator  is  grounded,  but  one  is  required  if  used  only 
for  synohronising).  Both  may  be  omitted  on  drcuits  of  600  volte 
and  less,  if  all  meters  have  their  coils  wound  for  operating  at 
generator  voltage. 
1     Engine  governor  control  switch  if  governor  is  electrically  controlled. 

If  each  alternator  has  its  own  exdter  the  exdter  may  also  be  controlled 
from  the  alternator  panel,  by  the  addition  of  an  exdter  field  rheostat. 


OUTMETBI 

MMETU 
INMCATINe  WATTMETER 

ELO  AMMETCe 
^LmX-AHEOSTAT  hand  WHEEL 

jeiELO  uscharoe  switch 


VOLTMCTEft  PtUO  REOErTACtE 


fta  6.    440-  and  600-Volt  Three-phase  Qenerator  Ptoel. 


Two-phase  generator  p«uiels  have  a  similar  equipment  to  the  three-phase 
coept  that  but  two  main  ammeters,  two  current  transformers  ana  two 
^tential  transfonnen  are  required. 


SWITCHBOABDB. 
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ViB.  B.    Two-I^iut  2300- Vott  QflDsntor  PuaL 
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OompfOMtiDK  v<dtmet«r  (optional).  As  rin^e-pbus  iiuHis  « 
UivAfubly  UAed  for  lichtins  it  ia  nuMumy  to  muDt&ia  a  oanMKiit 
potenti*!  at  Ibe  point  ti  diitribution,  and  u  euih  faedw  oridI 
■  likely  lo  h&ve  •  diSannt  load  diMSOtwiitio,  potantikl  ncslk- 
Um  tn  trequgntiy  luMlIad.  The  oompcondiK  voltmeUr  ean- 
ptouMa  for  ths  ohtolo  drop  or  for  both  the  ohmlo  snl  induoti'r* 
drop  Id  th*  Una  at  all  cooditioni  ol  load  and  civts  ■  direct  Indi- 
cation cl  the  voll>«e  at  the  oeotet  of  distribution. 

Potential  recnlator  and  oparatini  meohanbim  (opdonal). 

Main  BWltob  with  automatio  overioad   tdp  or  BUtoraaUa  drndt 


Potential  tiuutormsr  it  voltmeter  ia  lued. 
Tim*  limit  OTsrload  relay  (optional). 


ii 


^. 


Sa^ 
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Mi  •r 


3  Bfain  ammeten  for  traniwniiwdon  lines  used  to  detect  any  unbalancing 
due  to  leakage  to  ground.  A  sini^e  ammeter  may  be  used  if 
desired,  with  suitable  plugs,  to  indicate  the  current  in  either  of  the 
three  phases.  (One  ammeter  is  sufficient  on  feeders  for  induction 
motors  and  rotary  con  verters,  or  on  incoming  lines  in  a  sub-station.) 

1  Poljrphase  indicating  wattmeter  (optional).  For  power  circuits  in 
miUs  and  mines.  This  wattmeter  gives  a  sufficient  indication  of 
the  output  without  the  ammeters. 

1     Polyphase  integrating  wattmeter  (optional). 

1  Oil  break  switch  with  overload  trip,  or  automatic  circuit  breaker. 

2  Current  transformers  (three  transformers  are  necessary  if  neutral  of 

three-phase  systmm  is  grounded). 

2    Potential  transformers  for  wattmeters. 

1  Time  limit  overload  relay  (optional).  The  number  of  potential 
tranaformen  can  be  reduced  for  a  switchboard  containing  a  num- 
ber of  feeder  panels  by  connecting  two  potential  tranafomierB  to 
the  busses  and  feeding  all  the  wattmeters. 


a 


^l0aindUM» 


Pig.  11.    2800-yolt  Three-Phase  Feeder  Panels  with  Primary  Ammeters 

and  Series  Trip  Oil  Switches. 


1     Folyphaie  indiutinE  watUnetn  (optional). 
1     PolyphaM  iDtesntini  mttia«(«r  (optioiul)- 

1  Oil  brakk  iwitoE  with  ovarlaad  trip,  or  sutomntie  oirmiit  breaker. 

2  Current  truuform«n. 

S     FotMtisI  tmufonnen  for  wattmeteis. 

1     Tinie  limit    ovcrlDxt  tdmy  (optional).    Th>  number  al  potential 
tnuisfotinera  can  be  reduoed    for  s  ewitefaboani  oonUJnins  a 
number  of  feeder  paaele  by  oonnecting  two  potflntial  tr 
W  the  bussee  and  feeding  all  the  wattmeun. 


ojf  iwitoh  with  overfoad  trip,  or 
[mit  overload  relay  (optional), 
methods  of  starting  induction  E 


ie  ciraiit  breabr. 


4.   By  X^ral  CsBBecUBC  the  M«t*r  *■  Ii*w-V*lM>g«  Tap*. 

—  If  the  motor  is  fed  from  etep-down  tnnifonneiB,  it  xaay  fint  be  con- 
neoied  to  low-voltage  taps  on  Ibe  transfonner  and  then  to  the  f ull-volta«B 

6.   Br  KntplojiMKa  B*<>r*iBr  CoBP^BiB*"'-  — Uanyoompenaa- 

tflrs  have  an  internal  switch  (or  starting;  otherwin  the  panel  should  M  pto- 
vided  with  awitohee  to  connect  and  diaooimect  tt ' — 


Fm.  12.     2080-Tolt  Isducstion-Molor  Panel  for  Controlling  Uoton  havii^ 
an  Internal  RenaCaace. 
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;«flpHiemt  of  TMree-PIUMe  ftjac^rOMoiu  Motor  PaaoU* 


1     Amxnstor. 

1    Three-phaae  indicating  wattmeter. 

1     Field  raeoBtat  with  operating  meohaniam. 

1     Synchronising  switch.     (The  synchronism  indioator  will  answer  for 

any  number  of  motora  or  the  generator  synchronism  indioator 

may  be  used.) 
1    llain  oil  switch  with  automatic  overload  trip. 

1  Field  switch  with  discharge  resistance. 

2  Current  transformers. 
2     Potential  transformers. 

1    Time  limit  overioad  relay  (optional). 

A  synchronous  motor  driving  a  direct-current  generator  can  usualljr  be 
started  from  the  direct-current  side,  in  which  case  the  synchronising  switch 
18  necessary.  If  alwasrs  started  as  an  induction  motor  the  synchronising 
■witeh  is  unnecessary. 

Hie  equipment  of  a  two-phase  motor  nanel  is  the  same  as  for  a  three- 
phase,  exo^t  that  two  ammeters  should  be  used. 


■qvlpHiOMt  of  a  TMvoo-Pliaae  Motmry  CoBTortor  Panel. 


For  rotary  converters  connected  in  the  high-tension  side  of  step-down 
traasf ormera,  the  panel  for  the  alternating-current  side  is  the  same  for  three- 
phase  or  six-phase  machines. 

1    Three-phase  integrating  wattmeter  (optional). 

1     Ammeter. 

1     Power  factor  meter. 

1     Main  oU  circuit  breaker  with  automatic  overload  trip. 

1     Synchronising  switch  (not  necessary  if  rotary  is  started  from  the 

alternating-current  side). 
1     Starting  motor  switch  (only  used  where  rotary  is  started  by  a  starting 

motor). 

1  Switch  for  synchronising   resistance  (only  used  where  rotary  is 

started  by  a  starting  motor). 

2  (Current  tranaformera. 
1     Potential  transformer  (if  rotary  is  started  from  the  direot-ourrent 


^side  or  by  a  starting  motor). 
Time  limit  overload  rday  (optional). 


One  method  of  starting  a  rotary  converter  is  by  connecting  the  alternating- 
current  side  first  to  fractional  voltage  taps  on  the  transformers,  and  then  to 
full-voltage  connections.  This  is  accomplished  by  means  of  a  double^le, 
double-throw  switch  on  a  separate  panel  for  a  three-phase  converter,  and  two 
triple-pde,  double-thiow  switches  on  a  separate  panel  for  a  six-phase  conver- 
ter.. Fig.  13.  Another  method  is  by  the  use  of  a  motor  on  the  rotwy  shaft, 
as  shown  on  diagram.  Fig.  14. 

The  rotary  may  also  be  started  from  the  direct-current  side.  In  either  of 
the  latter  cases  it  is  necessary  to  synchronise. 

In  case  several  rotary  converters  must  operate  from  the  same  bank  of 
tranaformers,  it  is  best  to  have  a  separate  set  of  secondaries  for  each  rotary. 
But  in  case  of  rotaries  which  must  be  parallel  on  the  alternating-current 
akie  under  such  a  condition,  it  is  essential  that  reactances  be  provided  in 
the  dreuits  to  prevent  interchange  of  current  between  machines,  and  that 
awitohea  be  provided  in  the  alternating-current  leads.  These  are  used  as 
main  awitohea  in  s3^chroniaing  and  are  usuallv  mounted  on  the  altematin^- 
eurrent  panel.  For  the  condition  just  described,  the  panel  would  contain 
the  aame  list  of  apparatus  mentioned  above,   except  that  these  switches 
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leMi  of  CoB«teBt-CvrreBt  V 
Series  Arc  or  Ibi< 


t  Iiir1itlBr< 


•I*,  f<Mr 


The  primaries  of  these  transformers  may  be  controlled  by  an  oil  sviteh, 
with  automatio  overload  trip,  or  by  plug  switches  and  fuses. 

The  secondaries,  being  of  small  capacity,  are  usually  controlled  by 
plup  switches.  An  ammeter  should  be  connected  in  the  seoondaiy  side  to 
mdicate  the  current  and  to  detect  grounds  or  open  circuits. 

An  integrating  wattmeter  on  the  primary  side  is  a  valuable  adjunct  to 
record  the  total  power  consumed.  The  diagram  shown  is  that  of  a  single- 
circuit  transformer.  Various  modifications  result  from  using  muiti-cireait 
tran^ormers  and  introducing  transfer  Byateaa  in  either  the  priinaiy  or 
secondary  side. 


Fig.  15.    Constant-Current  Transformer  Panel  for  Single  Circuit. 


ARC  ftWirrCHliOAlil^S. 

This  line  of  switchboards  represents  an  entirely  different  oonstruetaoD 
from  that  of  ordinary  switchboards. 

Extra  flexibility  makes  it  desirable,  and  small  currents  make  it  poasibK 
to  use  plug  connections  instead  of  the  ordinary  tsi^e  of  switches. 

The  function  of  arc  switchboards  is  to  enable  the  transfer  of  one  or  more 
arc  light  circuits  to  and  from  any  of  a  number  of  generators.  This  trans- 
ferring is  sometimes  accomplished  by  means  of  a  pair  of  plugs  connected 
with  msulated  flexible  cable:  sometimes  by  plugs  without  cables,  which 
bridge  two  contacts  back  of  the  board,  or  by  a  combination  of  cable  plus 
and  plugs  without  cables.  The  type  using  plusB  without  cables  is  preferabla 
because  danger  is  eliminated,  which  would  otherwise  be  possible  to  attendant, 
due  to  contact  with  exposed  or  abraded  cables  carrying  high-potential 
current. 

The  accompanying  illustration  shows  an  arc  switchboard  of  the  QenersI 
Electric  panel  type,  arranged  for  three  machines  and  three  circuits.  The 
vertical  rows  of  sockets  are  lettered  and  the  horiiontal  numbered.  The 
ends  of  the  vertical  bars  are  connected  to  the  machines  and  oireuits.  Each 
of  the  bars  is  broken  in  three  places,  and  the  machine  may  be  oonneeted 
to  its  circuit  by  plugging  across  these  breaks,  thus  making  the  bar  eon- 
tinuous :  by  removing  any  pair  of  pluja  the  machine  may  be  disoonneoted. 

Cll,  £11  and  Gil  are  ammeter  iacks,  and  are  used  in  connection  with 
two  plugs  connected  with  a  twin  cable,  for  placing  an  ammeter  in  the  circuit 
The  six  horizontal  bars  are  for  the  purpose  of  transferring  a  machine  or  s 
feeder  to  some  circuit  other  than  its  own.  Each  horiiontal  bar  is  provided, 
at  one  side  of  the  panel,  with  a  socket  (A3,  A4,  A5,  A7,  A8,  and  A9)  by 
means  of  which  it  can  be  connected  with  the  horiiontal  bar  on  the  adjoininc 
panel.     All  ordinary  combinations  can  be  made  by  means  of  the  bars  and 
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plufli;  but  cable  pluES  ore  T)it>vided  with  e«dh  pane],  hi  that  when  neoeflBar? 
msobuin  and  ttndcn  oaui  ba  traiutenvd  wiUiout  the  use  ot  the  bar.  Thai 

"  ^  rail  ^ehino'Sjo.  l^oo  foSa™  o.  ?.  i'i^pli^  ™Bl^''cfc,  86,  09 


SS,  and  C3.  To  ihut  down  maohiaa  No.  2.  and  run  [eaden  Noa.  I  and  2  la 
Mijaa  on  madiiae  No.  1,  insert  a  pluR  at  CS.  D5,  CT.  and  D7,  and  remova 
plucB  M  Cfl  and  06;  thii  leavn  two  ciniuiu  and  two  machiun  in  »riea. 
Bliort  oirtiuit  maohine  Ko,  2  by  ineartini  the  plus  at  £T,  Cut  out  maehib. 
N«.  3  by  lamoviDs  the  plus  at  DIO  aiur£10.    Taka  out  plus  at  DT. 
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1    Overload  drouit  breaker. 

1     Ammeter^ 

1    Voltmeter  switch.     (One  voltmeter  will  answer  for  all  aeneratois.) 

1     Field  switch  with  dischaive  resistance  (optional). 

1     Poeitive  main  switch. 

1  Nesative  «nain  switch.  (For  railway  seryice  where  the  Benwrntor 
series  coils  are  on  the  nentive  side,  and  the  nepitive  aide  is 
grounded,  this  switch  should  be  replaced  by  a  oveuit  breaker 
mounted  near  the  generator,  and  connected  in  the  armature  lead.) 

1  Equaliser  switch.  (Mounted  near  the  generator.  For  small  oanaeity 
generatora  all  three  switches  may  be  combined  into  a  tripie^oie 
switch  mounted  on  the  panel.) 

1     Field  rheostat. 

1    Recording  wattmeter  (optional). 
For  small  machines,  fuses  may  be  substituted  for  the  drouit  breakoEk 


BqvlpBieBt  of  A.O. 


».o. 


(..POWER  FACTOR  METER 


SWrrCH  FOR  STARTINO  MOTOR 


The  equipment  of  a  direct-current  converter  panel  may  be  the  same  as 

%  direct-current  generator  panel,  but  a  field  switch  with  discharge  resistaaes 

.  is  unnecessary  and  the  etf 

rAMMETCR  ouit  breaker  in  the  necs- 

tive  on  grounded  return 
system  should  be  omitted 
as  the  necessary  protectioo 
is  secured  on  the  altemat- 
tn^eurrent  side.  The  main 
switches,  however,  should 
all  be  sini^e  pole. 

Rotary  converters 
started  from  the  a]tamat» 
ing-current  side  may  build 
up  with  reversed  polarity, 
wnich  will  be  indicated  on 
the  voltmeter.  To  change 
the  polarity  back  to  nor> 
mal,  a  double  throw  fieU 
switch  is  provided  (usuidly 
mounted  on  the  converter 
frame)  for  the  purpose  of 
momentarily  reversmg  the 
fiekl  to  '^SOip  a  pole?^  To 
reduce  the  destruetive  in- 
duetive  discharge  of  the 
field  a  multi-pole  switch  is 
used,  each  pole  of  switch 
breaking  only  two  or  thrse 
field  spools. 

Rotary  converters  opei^ 
ating  on  grounded  return 
ByBtems*may  have  the  neg- 
ative side  oonneeted  diieet- 
ly  to  ground  without  the 
inteipoeitioa  of  a  switch. 

Rotary  eonverters  start- 
ing from  the  direct-enrreat 
side  require  a  fiekt-tnuuf er 
switch,  as  well  as  a  startang 
switch,  which  are  iwuaQy 
provided  with  the  direct- 
current  panel.  A  double- 
reading  ammeter  la  oraalbr 


Fio.  17.  Three  Phase  Alternating  Current 
Rotary  Converter  Panel  for  use  with 
Rotary  and  Starting  Motor. 


provided,  or  else  other  provision  to  prevent  damage  to  the  meter  by  nvsnsl 
of  current. 
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Cauneiitioiu  ol  ■>  EHnct-Cumat  Ilolai}>  Cunvortar  hiML 


ir  combiaa  id  its  system  pi 


nquind.  u  foilons: 
S     ADuneteri 


2    Double-polo  main  iwitche 

1  Fisld  rtiwstat. 

2  Doub1«-pola  tAlKudiiB  ooil 


iM«  plus  i«ocf>(»oIa. 


(tr  tlis  uubolanoed  loul  ig  to  tie  measured.  B  double-nadini  di 
»mm«ter  should  Im  nUoed  in  the  neutral  return.) 
Tb«  conDMtioDi  for  suoh  a  syitem  an  ■hown  in  &mvm.  Fig.  St. 
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■qnlpBieMi  of  D.C.  feeder  Panel* 

Direot-ctizrent  feeder  circuits  should  be  protected  from  overioculs  by  cir* 
ouit  brokers  or  fusee.  Circuit  breakers  should  be  used  if  oveiioeds  ooeor 
frequently,  such  as  on  railway  and  most  power  circuits.  Th^  should  also 
be  used  for  all  large  ampere  capacity  oreuits  —  say  above  600  ampoes. 
Small  feeder  circuits  may  be  controlled  solely  by  a  double-pole  oireuit  breaker, 
but  on  large  drouits  a  switch  in  series  with  a  circuit  breaker  is  neoeseaxy. 
The  equipment  should  then  consist  of: 

1  Sin^e-pole  circuit  breaker. 

2  Sfni^e-pole  siritohes.     (On  nounded  return  systeoiB  the  seeond 

switch  will  be  unneoessaryO 
Ammeters  and  integrating  wattmeters  are  optional  devioes. 

CqaipBieMi  of  D.G.  M.otow  Paael. 

1     Doubl^pole  automatic  circuit  breaker. 
1     Starting  switch  and  resistanoe, 
or 

1  SLofl^e-pole  automatic  circuit  breaker. 

2  Singje'pole  switches  or  one  double-pole  switoh. 
1     Starting  switch  and  resistance. 

or 

1  Double-pole  switch. 

2  Inclosed  fuses. 

1     Starting  switch  and  resistance. 

Ammeters  are  optional,  but  are  recommended  for  motors  ci  laiie  aiaes. 

Either  the  oiromt  breaker  or  the  starting  switch  should  have  a  low-voltage 
release  attachment.  The  starting  switch  and  resistanoe  should  be  so  con- 
nected that'  the  field,  when  the  switch  or  circuit  breaker  is  opened,  wfll 
dischar^  throuidx'  the  armature. 

Startmg  switones  for  motors  starting  under  heavy  torque  should  have  at 
least  eight  steps.  Motor-generator  sets  may  properly  be  started  with  bat 
three  or  four  steps. 

As  the  starting  resistances  are  invariably  designed  for  intennittent  service, 
starting  switches,  except  in  power  stations  where  an  electrical  attendant  is 
in  charge,  shoula  be  provided  with  a  spring  or  other  means  to  prevent  the 
switch  arm  from  remaining  on  an  intermediate  starting  point. 

Haad-4>pereted  Iteiiiote-CeBitrol  ftwltehlMNiiWto.  —  Wher- 
ever it  is  desirable  to  install  a  plant  of  moderate  sise  and  obviate  the 
necessity  of  having  any  high  potential  oonduoton  on  the  rear  ol  the  switch- 
board, a  hand-operated  remote-control  switchboard  may  be  installed.  The 
panels  will  have  the  same  appearance  on  the  front  as  any  other  hand-operated 
altemating-ourrent  switchboard,  but  the  rear  of  the  panels  may  be  made 
safe  and  accessible  with  a  neat  arrangement  of  small  wiring,  inasmuch  as 
all  heavy  conductors,  meter  transformers  and  accessories  are  mounted  apart 
from  the  panels.  A  common  method  of  providing  for  the  switches  and 
transformers  mentioned  is  to  mount  them  on  a  separate  framework  in  aoiBke 
distant  place  and  control  the  switches  from  the  switchboard  by  means  of 
bdl  cranks,  levers  and  connecting  rods.  These  latter  are  usually  made  of 
gas  iHpe.  The  framework  used  to  support  the  switches  is  usually  utilljed 
to  support  the  bus  bars  also.  As  the  connections  between  the  panel  board 
and  tne  switching  structure  are  made  by  small  secondary  wiring  for  meters 
and  instruments,  and  the  bell -crank  attachments  permit  of  an  inmiite  varied 
of  combinations,  the  location  of  the  switching  devices  may  be  selected  to 
best  suit  the  station  wiring  »o  long  as  the  cranks  and  levers  can  be  amnged 
to  operate  suitably ;  the  total  length  of  any  set  of  bell  cranks  and  levers  riboold 
not,  as  a  rule,  be  greater  than  12  feet,  although  longer  runs  than  this  will 
operate  successfully  imder  favorable  conditions. 

CeMtral  HtMtiOB  Electrically  Operated  ftwttcUbeaids.— 
The  concentration  of  energy  in  large  central  stations  requires  that  the  measor- 
ing  and  controlling  devices  shall  be  concentrated  also,  in  order  to  be  under  the 
hand  of  a  single  operator  and  enable  him  to  have  absolute  control  of  the  whole 
installation.  This  end  is  best  attained  by  the  use  of  electrically  operated 
switchboard  apparatus. 

Electrically  operated  switchboards  may  be  divided  into  two  dasaes,  nazDely, 
alternating-current  and  direct-current  equipment.  As  laige  central  statioat 
almost  invariably  generate  alternating  current  for  distribution,  the  eleotneaUy 
operated  switchboard  is  usually  of  the  latter  class. 
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wM«^  iBdlCAte  the  Mocemitj  of  Imstollter 
Alectricallj  Operated  ftwttcUboard  A.p9mrm,tmm» 


FinL  switohes  lued  to  control  the  cirouita  may  be  00  heavy  that  they 
eannot  be  easily  ofMrated  by  hand. 

Second,  the  looation  of  these  switching  devices  oan  be  made  most  conven- 
ient to  the  circuits  to  be  controlled  and  apart  from  i>ortions  of  the  equipment 
which  are  liable  to  cause  trouble,  such  as  steam  pipes,  etc. 

Thirdt  in  case  of  accident  to  anv  of  the  apparatus,  the  operator  mav  be 
located  well  away  from  the  seat  of  trouble  and  is  therefore  not  so  liable  to 
be  frii^tened  or  lose  his  head  in  an  emergency. 

Foiaiht  the  entire  absence  of  dangerous  potentials  at  the  center  of  control 
provides  absolute  safety  for  the  operator. 

Fifth,  the  number  of  drouits  and  amount  of  power  may  be  such  that  the 
oontrol  eannot  be  concentxated  within  a  space  of  reasonable  sixe  unless 
electrically  operated. 

SixOt,  it  may  be  necessary  that  the  operator  be  located  a  long  distance 
from  the  apparatus  which  he  controls. 

MeUalmfl^  of  %9wv\€%*  —  When  the  choice  of  an  electricallv 
optfated  switchboard  is  made,  the  next  consideration  is  as  to  how  much 
apparatus  to  install  to  insure  reliabilitjr  of  service.  It  is  poesible  to  carry 
tms  idea  to  an  unneoessary  refin«nent  in  some  cases,  where  the  diances  oJF 
a  shut  down  are  small  ana  the  consequences  of  it  are  not  very  disastrous. 
On  the  other  lumd  tiiere  are  some  plants  where  no  expense  must  be  spared 
to  provide  aninst  the  oontinfi^noy  of  a  shut  down  even  of  a  very  short 
duration.  The  latter  case  requires  much  duplication  of  apparatus  and  great 
flexibility. 

Where  a  large  number  of  feeders  are  used  a  circuit  breaker  is  sometimes 
provided  to  connect  between  certain  groups  of  feeders  on  the  bus-bars,  and 
IS  known  as  a  group  circuit  breaker.  Each  feeder  circuit  of  the  group  has 
its  own  individual  cinniit  breaker  to  open  automatically  and  relieve  the 
group  on  tiie  overload,  but  in  an  emergency  the  whole  group  can  be  switohed 
on  or  off  the  cirouit  by  means  of  the  group  circuit  breaker. 

Tlie  value  of  this  group  circuit  breaker  for  a  single-throw  system  is  doubt- 
ful except  in  oases  where  transfers  of  load  must  oe  very  rapid  and  a  large 
number  dt  feeders  are  installed.  It  is  more  valuable  in  such  a  case  on  a 
double-throw  ssrstem.  because  it  enables  the  transfers  from  one  set  of  bus- 
bars to  the  other  to  be  made  very  rapidly  and  with  a  minimum  number  of 
switches,  as  one  pair  of  circuit  breakers  will  transfer  an  entire  group  of 
f eedecB  instead  ol  having  two  circuit  breakers  for  each  feeder  circuit.  There 
are  four  systems  of  connections  for  bus-bars  commonly  used.  The  Grst  is 
the  single-throw  systom^  the  second  is  the  relay  system,  the  third  is  the  ring 
ssrstom,  and  the  fourth  is  the  double-throw  system.  Each  of  these  may  be 
made  more  flexible  by  dividing  the  bu»-bars  into  sections  by  means  of 
seetionalizing  pwitohes. 

Except  in  speeial  eases  it  will  be  found  that  where  any  system  is  required 
to  provide  flexibility,  the  double-throw  system  will  be  most  satisfactory. 

It  ts  oonsidered  the  best  practice  to  provide  disconnecting  switches 
between  all  bus-bars  and  oil  circuit  breaicers  in  order  to  permit  a  disabled 
switoh  to  be  isolated  and  repaired  without  shutting  down  the  system. 

As  the  bus-bars  form  really  the  vital  part  of  the  system,  it  is  necessary 
that  care  be  taken  to  insulate  them  so  that  short  circuits  shall  be  impossible 
and  that  trouble  on  one  set  shiUl  not  communicate  to  another. 

Where  absolute  eertainty  must  be  insured  against  interruption  of  service. 
all  oonductors  should  be  isolated  from  each  other  and  all  adjacent  material 
made  as  flreproof  as  possible.  In  large  stetions  this  is  attained  by  means  of 
masonry  struetures  and  barriers  and  flame  proof  cables,  with  absence  of 
inflammable  material  for  supporting  the  cables,  using  cells  for  all  fuses  and 
apparatus  Uable  to  are  ana  aO  oil-insulated  transformers  that  are  so  eon- 
■truoted  that  danger  from  burning  oil  exists.  This  includes  voltage  trans- 
fonnen  which  are  oil-insulated. 

The  greater  the  energy  involved  the  greater  is  the  necessity  for  isolation, 
aqMMially  in  plants  of  pressures  under  45,000  volts.  The  isolation  is  most 
needed  hi  heavy  capacity  stations  of  2,200  to  13,000  volto  and  in  some  oases 
it  is  advisable  up  to  46,000  volts,  if  the  use  of  oompartmenU  makes  a  more 
consistent  layout.     Isolation  is,  however,  rarely  advisable  in  stations  above 
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4!>.0OO  TolU.  u  HntiU  uotnted  Hmduoton  well  lupparUd  is  air  will  in  nofa  am 
prora  quite  ■atiifutory.  wbUe  berrien  or  ulJKent  mUm  unuilly  eem  ail 
many  jtrouada  to  iiuulaU  from.  Whenever  mo<len]  practloe  rainlira  hid 
ft  point  that  extremely  high  roltace  cLrcuita  cairy  heavy  ciimnt  capulifl 
bowevar,  banian  may  bn  adviaabln.  but  thia  Doaditioii  ig  not  liable  to  tie  ml 


L 
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Tbebut-bAnof  ahiflh-teiuipa  eentra!  Atmtion  make  up  the  bBckbonB  of  the 
fnitillBtion.  Aa  the  mtire  dietrlbutlon  depends  up»n  then,  the  deeUcn  of 
the  eUtion  u  >  whole  should  be  exemiUd  with  thii  fmot  in  view.  The^iui 
■hould  besilirely  isokuit  from*]]  duur f lom ktoi,  short  einnitaorfleshee. 


to  ciuiira  Mwut  Intemip 

Tide  >  meena  whereby  ef[ 

The  mad^tn  biM-bar  stniotiue  for  2.200  to  33,' 
ente  with  each  bus-bar  of  oppoait«  potential 
inrtmaot,  well  supported  on  porcelain' — ' 


from  untoreieen  t 


weUnipportei 


n  tn  (uob  a  itruotim  in  ueually  id  go-, — 

sraie.  some  oi  laeee  Mruotui^  are  enoloeed  entinly.  one  dde  tiavins 
rsmovable  doon.  while  otlien  an  mad*  with  the  antin  side  own  for  iospeo- 
tioD  and  (aelliCv  in  maldnc  MnuMtiou  and  altantian.  The  bus-ban, 
bans  well  proteoted  and  imulated,  an  uraally  eamparcd  of  bare  oopper- 

For  hi^v  voltaoaa  than  above  BHotionied  a  dilteraoC  (oim  of  bu>-tur  rap- 
port is  ■enanlly  used,  and  the  oonneotioni  to  the  bua-faan  are  made  with 
■in  or  eabte  well  ■upportad  oD  lultable  buulalori.  Diacnma  at  ■  <■* 
typloal  amukCOiMati  a  bua-' ^    "  — '— i—  •-" — 
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to  (h*  EQUDnrv  required  tor  ldb  ou^DBn, 
ton*  for  Ihe  oil  oircuit  bmksn,      Thi  ttt 

tunl  work  of  briolt  or  c«nnr»l«.      On  UWM 

dflurmbLLity  oF  maldnff 


ihora  miiit  b*  provldad  *i 

this  oonstruotion  uid  th* 
senBnlly  aveaanry  to  buud  BtnifltuKB  in  siUleriM 


OU  Circuit  Breaker!    J 


miut  be  provided  to  t^a  ■  portion  of  the  E«r.  The  »impLeat  xrltebbtwda 
are  iwiuiUr  doubia  deokad,  while  othem  require  three  or  tour  ■aHerica.  For 
>  livan  amount  of  apparatin.  a  double-<fecked  arrangement  requirte  til* 


lonacetsi 

kiKr  often 

near  the  generaton  and  iranilormers,  and  a- 

eoDDectiog  oabla.     On  the  other  hand,  when 

IbtM^daokar-  ... 
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h  pArtiouinf  oaav  th«  oooditic 

0  th«  DlMt  AUitAblA  plA«  fOF . 

UTUic«maDt  ol  th«  drouit  bmken  KDd  biu-bum. 
The  luin  ud  volU^  tniutonaen  for  thi 


IT.  .to,  ii«l 
btu  nUun 

a  of  the  oil  <anu]t 


ahorl-droull  thefluhiacoi 

•nd  pnvtDied  from  datra 

Burian.  wUls  fire-proof. 


Soed  to  tha  oonduo 


iriiy  mndn  of  jobuIaI 


uoiiture  thui  nurble,  b 


of  inBulAtiu  m&tviu 

well  ba  Duda  al  vm 

oonoret*.  orliK 

Lone  11  the  nia 
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prepnttM  OKODot  bs  depsnited  upon.     The  ooit  ii  a  littla  !«.     Soapatooe 

u  readily  obtained  in  any  r«a»iiable  ■!•«  or  ihape,  and  ig  euUy  diilled  and 

'W^ien  tb«  buTtan  and  wmpatimtnU  of  the  ■witobboard  straetura  an 
made  from  any  of  the  above-mentioned  matariatg,  tbay  iliould  be  treated  ai 


1  referenee  to  high-tension 


It  ig  true  that  vttrifled 

„ -.., ._  . nature  of  laaulaton  than 

t,  but  the  undency  of  all  luch  materials,  and  even  goapalsne,  U 

iniulaton,  and  all  oonduaton  must.  Ibenfont  be  inau- 


GtSTan 
oonducb 

toihaoi ___ _. 

tilaoed  upon  them  u  iniulaton, 
Ut«d  froin 
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HpusU  tha  Iwds  from  Ihs  oil  cin. 

outgoini  lines.     WhBrever  it  u  dninble  to 
b«(w«aD  thi  cunuit  brsalun  uid  the  bua-biui 


ipBTtment.     MaioiiryJ>»m«i 


bnkk«n  And  Um 


Fio.  30.    ThMfrDeok  C 


outgranff  JinflB  OTi  mrouild  not  «io««diiut  13.000  volU.  tfavBa  duoarml 
■witflbA  cao  ba  mounted  aa  ahoim  jd  Fie.  30,  «rbiab  Also  illiutrmta 

0«Ua  /•'  V»l(aK«    rraiwfvnaan  SMi   nue*.  —  In  »ii 

tJoiv  <i(  tfaifl  riHtun  tbs  vo1tag«  tnuufonnon  an  oonnoclBd  to  l&rse  k 
at  power,  »iid  it  beoomei  neoaury  to  Bvold  pouible  diimiice  t*   ■' 
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them  with  enclosed  fuses,  the  fuse  and  transformer  being  isolated  in  their 
own  individual  odl  in  keeping  with  the  practice  of  isolation  which  has  been 
described. 

When  the  fuses  are  installed  as  described  it  is  often  desirable  to  close  the 
odlB  with  doors. 

HlC>li-Vea«iom  Coadnctora*  —  Manufacturers  supply  rubber-insu- 
lated cables  for  use  up  to  a  certain  voltage,  which  can  be  relied  upon  for  a 
long  time  in  regard  to  insulation;  but  it  is  a  well-known  fact  that  rubber 
deteriorates  with  age  and  the  higher  the  voltage  the  faster  the  deterioration, 
when  conditions  are  favorable;  so  it  is  the  best  practice  in  all  high-tension 
installations  not  to  depend  upon  the  rubber  insu- 
lation, but  to  support  the  conducting  cables  on 
poroeiain  insulators  and  keep  them  away  from 
all  grounds  and  other  conductors.  The  insulation 
on  the  cable  serves,  under  such  conditions,  only 
as  a  possible  preventive  of  troubles  due  to  acci- 
dental oontact  therewith.  This  does  not  mean 
that  the  insulation  is  useless,  as  it  might  at  times 
prevent  loss  of  life  or  serious  troubles  due  to 
aeddoital  contact. 

Isolated  cables  laid  against  the  ^^unded 
struoture  or  covered  with  lead  are  subjected  to 
stiminSf  which  might  sooner  or  later  break  the 
insulation  down. 

Lead-covered,  paper-insulated  cables  are  seldom 
used  in  high-tension  switchboard  structures. 
Some  of  the  best  cables  obtainable  are  insulated 
with  rubber.  As  the  rubber,  however,  is  comr 
bustible  and  easily  takes  fire  from  flash,  manu- 
facturers supply  cables,  when  required,  covered 
with  fire-proof  braid  of  asbestos,  or  with  the  outer 
braid  saturated  with  a  fire-proof  paint  to  prevent 
accidental  burning  of  the  rubber  cover.  For 
very  high  voltages,  cables  insulated  with  wrap- 
pings of  impregnated  cambric  may  be  obtained, 
with  or  without  a  flame-proof  covering. 

The  terminals  of  cables  used  in  the  oonstruo- 
tion  of  high-tension  switchboards  can  be  insulated 
with  any  good  material  such  as  oiled  linen  coated 
with  shellao^  but  this  should  not  be  relied  upon  to 
prevent  ^accidental  contact  with  live  terminals, 
and  no  attempt  should  be  made  to  insulate  for 
safe  K«.nHHng,  as  the  only  time  to  safely  handle  a 
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Flo.  31.  Three-Deck  Oil 
Circuit  Breaker  and 
Bus-Bar  Structure. 
Two  Sets  of  Bus-Bars. 


hi^-tension  cable  is  when  it  is  absolutely  dead. 

Ykaaie-JProof  CoT«rlBC«.  —  In  order  to  prevent  the  flame  from  an 
arc  setting  fire  to  the  insulation  of  a  cable  and  being  thereby  communicated 
to  other  cables  or  setting  fire  to  the  building,  flame-proof  coverings  are  often 
used.  These  coverings  are  always  supplied  by  the  cable  companies,  being 
purchased  under  specifications  which  require  that  they  shall  meet  the 
reqiiirements  of  the  National  Board  of  Fire  Underwriters. 

When  installing  such  cables  they  must  in  every  oase^  be  supported  on 
insulators,  and  not  carried  in  ducts,  as  the  flame-proofing  is  a  poor  insulator 
and  when  saturated  with  moisture  will  serve  as  a  conductor.  For  the  same 
reason  the  covering  must  be  stripped  away  from  all  Uve  tenninals  a  suitable 
distanoe  for  insulation  purposes. 

Amxillary-  JMrect-Gnrremt  Clrciilte.  —  The  direct  current  for 
operating  the  ofl  switches  and  other  apparatus  may  be  obtained  as  follows: 

From  auxiliary  storage  batteries. 

From  motor-generator  sets. 

FVom  direct-current  exciter  systems  or  other  direct-current  bus-ban. 

It  must  be  especially  noted  that  where  the  exciter  system  is  controlled  by 
a  Tirrill  regulator,  the  voltage  fluctuation  is  likely  to  be  so  great  that  it  cannot 
be  relied  upon  for  standard  electrically  operated  apparatus.  In  this  ease 
either  a  smaU  storage  battery  or  a  motor-generator  set  must  be  relied  upon 
to  supply  the  ener^.  In  cases  where  a  storage  battery  must  be  employed, 
owing  to  such  considerations,  and  no  charging  current  is  available,  a  mercury 
rectifier  may  be  relied  upon  to  charge  the  battery. 
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—  Wherevar  great  oonoentration  of  oontroUing 
appantuB  is  nwnwwiiry,  a  desk  or  benoh-board  is  often  used.  This  is  osually 
built  of  marble  or  steel,  and  speeia]  oonditions  sometimes  require  special 
designs. 

TdIs  type  of  oontrolling  desk  as  shown  in  Fig.  38.  has  an  iron  frame  enclosed 
bypaneled  steel  sides  and  a  marble  top. 

The  oonstmetion  is  such  that  each  top  panel  with  its  oorrespondinK  paneled 
■ides  forms  a  section,  and  the  desk  may  be  extended  in  either  direction  by 
Installing  additional  sections,  the  end  panels  and  end  mouldin|(  being  remove- 
able  in  one  piece  to  provide  for  inserting  the  necessary  additions. 

jMs<iMiwt  IPoete.  — The  instrument  posts  used  with  desks  or 
eontiol  pedestals  are  divided  into  two  general  classes,  vis.:  swivel  type  and 
■tationuy  type. 


Fio.  88.    Sectional  Controlling  Desk. 


Tliese  again  may  be  desicned  with  suitable  bases  to  mount  jaoks,  or  recep- 
taeles,  to  enable  one  to  oauorate  or  check  up  the  meters,  by  comparison  with 
standards  whose  terminals  have  plugs  to  fit  the  receptacles. 

A  post  supplied  with  receptacles  for  calibrating  meters  as  described  above 
b  shown  in  Fig.  34. 

Gnllbr»ttB|r  9me»£B*  —  In  many  installations  it  is  desirable  to  have 
Jaoks  or  receptacles  provided  in  the  series  and  shunt  transformer  circuits  to 
enable  standard  meters  with  suitable  plugs  attached  to  be  connected  in 
these  dreuits  for  comparing  the  readings  of  the  switchboard  meters. 

There  are  two  kinds  of  these  receptacles  used,  one  for  establishing  a  loop 
In  a  series  transformer  dreuit  and  used  for  an  ammeter  jack  or  an  ammetur 

gag  receptacle,  the  other  being  a  double-pole  reoeptaele  or  voltmeter  jaok 
r  use  on  shunt  transformer  circuits. 
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The  following  is  a  list  of  the  various  insiruineDts  and  meten  used  for 
awitohboard  work: 


Dired  Cvrrent 


AUemating  CumrU 

Indicating  ammeter, 

Graphic  ammeter. 

Indicating  voltmeter, 

Graphic  voltmeter, 

Single-phase  indicating  wattmeter. 

Single-phase  integrating  wattmeter. 

Single-phase  graphic  wattmeter, 

Polyptuise  indicating  wattmeter. 

Polyphase  integrating  wattmeter,  ' 

Polsrphase  graphic  wattmeter. 

Graphic  frequency  meter, 

Graphic  power  factor  meter, 

Di£Ferential  voltmeter. 

Power  factor  indicator. 

Wattless  component  indicator. 

Frequency  indicator, 

Ssmchroecope, 

Indicating  compensating  voltmeter. 

Electrostatic  ground  detector, 

Eleotroetatio  voltmeter. 

Automatic  synchroniser. 

Indicating  ammeter. 
Graphic  anmieter. 
Indicating  voltmeter, 
Graphic  drawing  voltmeter, 
Integrating  wattmeter. 
Graphic  wattmeter. 

The  names  of  the  instruments  in  most  oases  describe  their  use.  Inte* 
grating  meters  record  by  means  of  a  dial  the  watthour  output.  Graphic 
meters  record  on  a  chart  by  a  line  the  fluctuation  of  the  voltage,  cur- 
rent or  watts  of  the  circuit.  Indicating  wattmeters  indicate  the  actual 
watts  di  the  circuit  which  is  equivalent  to  the  volte  as  shown  by  the  volt- 
meter multiplied  by  the  current  as  shown  by  the  ammeter  multiplied  by 
the  power  factor  of^  the  circuit,  for  single-phaise  circuits. 

Sleoteotftetlc  Voltmeters  are  used  only  for  high-potential  circuits, 
such  as  20,000  to  100,000  volts.  They  are  connected  directly  to  the  cir- 
cuit without  the  interception  of  potential  transformers  and  do  not  carry 
any  current.     Condensers  are  sometimes  interposed. 

Altemattaap-Onrreiit  laatmaiemta  for  high-tension  circuits  are 
not  ooimected  mrectly  to  the  circuit,  but  are  used  in  connection  with  cui^ 
rent  and  potential  transformers.  Current  transformers  are  connected  in 
series  with  the  main  circuit,  but  are  wound  for  different  ratios  of  trans- 
formation so  that  approximately  five  amperes  is  obtained  in  the  secondary, 
and  thcurefore  the  instruments  may  all  have  five-ampere  windings.  The 
use  of  the  current  transformer  makes  it  unnecessary  to  insulate  the  instni- 
ment  for  high  voltages  and  furthermore  does  not  necessitate  running  the 
high-tension  leads  to  the  switchboard.  Ammeters  are  sometimes  connected 
in  series  wiUi  circuits  as  high  as  2500  volts. 

Potential  transformers  are  usually  wound  to  obtain  from  100-126  volts 
on  the  secondary  and  are  used  on  circuits  of  above  600  volts  for  voltmeters 
and  other  instruments  having  potential  windings. 
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HetMod  of  Vlc«riBr  iBctrnaiemt  Scales. 

SINGLE-PHASE    GENERATORS: 
Minifnum  ammeter  scale 

K-W.  X  1000  X  (1  +  per  cent  overload  guarantee) 

voltage 

Wattmeter  scale—  ammeter  scale  obtained  from  above  X  voltage. 

THREE-PHASE    GENERATORS: 
Minimum   ammeter  scale 

K.W.  X  1000  X  (1  +  per  cent  overload  guarantee) 

""  voltage  X  1 .  73 

Polyphase  wattmeter  scale  —  ammeter  scale  obtained  from  the  above 
X  voltage  X  1.73. 

TWO-PHASE   GENERATORS: 
Minimum  ammeter  scale 

M    K.W.  X  1000  X  (1  +  per  cent  overload  guarantee) 

"  voltage  X  2 

Polsrphase  wattmeter  scale  —  ammeter  scale  obtained  from  the  above 
X  voltage  X  2. 

DIRECT-CURRENT    GENERATORS: 
Minimum  ammeter  scale 

K.W.  X  1000  X  (1  +  per  cent  overload  guarantee) 

voltage 
THREE-PHASE    MOTORS: 
Minimum  ammeter  scale 

Horse-power  X  746 v  n  j.  tnCi 

"  voltage  X  per  cent  Eflf.  X  per  cent  P.P.  X  1.73  ^  ^*  + P«««t  "•^•^• 

TWO-PHASE   MOTORS: 
Minimum  ammeter  scale 

Horse-power  X  746 v  /'i  j.  tnn^ 

"  voltage  X  per  cent  Eff.  X  per  cent  P.F.  x  2  ^  ^^  "*■  ^^^  ^^^^  "•"'• 
DIRECT-CURRENT    MOTORS: 

Minimum  ammeter  scale—  — n S^ Tt^s-  X  (1  +  per  cent  O.G.) 

voltage  X  per  cent  Err. 

THREE-PHASE    ROTARY    CONVERTER: 
Minimum  ammeter  scale 

K.W.  X  1000 vMj.  *nc) 

"  voltage  X  per  cent  Eff.  X  1.73  X  per  cent  P.F,  ^  ^^  -l-peroentu.u./. 

Wattmeter  scale —ammeter  scale  obtained  from  the  above  X  voltage  X 1 .  73. 

TWO-PHASE   ROTARY   CONVERTER: 
Minimum  ammeter  scale 

K.W.  X   1000  vy^,   ^  */^  /^^ 

■■  — n r; A  -ci^  v^ ^  -n  r> — rm  X  vi  +  p*r  cent  u.ii.j. 

voltage  X  per  cent  Eflf.  X  per  cent  P.F.  X  2 

By  per  cent  overload  guarantee  is  meant  the  1,  1  or  2-hour  overload  guAf 
antee  on  the  generator  and  not  the  momentary  guarantee,  although  some 
prefer  to  have  scales  calibrated  to  read  momentary  fluctuations. 

The  per  cent  efficiency  and  per  cent  power  factor  should  be  taken  at  full 
load  or  overload. 

The  wattmeter  scales  should  theoretically  be  multiplied  by  the  poW 
factor,  but  practically  the  scales  work  out  better  as  given.  Integrating  watt- 
meters have  no  scales  and  thertf  ore  need  only  have  sufficient  current  carryiof 
capacity. 

When  the  minimum  scale  is  determined  from  the  formula  the  next  laiftf 
standard  scale,  depending  on  the  manufacture,  should  he  selected. 

P.F.    -  Power  Factor. 

O.G.  —  Overload  Guarantee. 


GUIDE   POK   SWITCHBOARD    SPECIFICATIONS.         947 


A  BRMSF  «1TU»B   FOR   imi'TIlfO  SW^TCB[BOAlft]» 
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The  initial  and  ultimate  number  of  each  type  of  generator,  motor  and 
feeder  circuit  with  their  voltage,  kilowatt  and  frequency  rating  should  be 
given.  The  overload  guarantees  of  the  machines  and  duration  of  same 
should  also  be  specified.  Other  characteristics  of  the  machine,  such  as  '*  Y  " 
connected  three-phase  generators  with  grounded  or  imgrounded  neutral, 
two-phase  generators  with  inter-connected  phases,  direot-ourrent  generators 
with  grounded  or  ungrounded  negative,  should  be  clearly  stated. 

Flans  of  the  building,  or  of  that  section  of  the  building  occupied  by  the 
switchboard  should,  if  available,  accompany  the  siiecifications.  It  is  essen- 
tial to  know  the  construction  of  the  floor  supporting  the  switchboard,  and 
if  Uiere  is  a  basement  below  the  floor,  when  ou  switches,  rheostats  and  other 
BJTniUr  devices  are  not  to  be  mounted  on  the  panels. 

Specifications  should  be  specific  as  to  just  what  the  switchboard  contract 
is  to  cover.  Switchboards  as  furnished  by  the  manufacturers  usually  do  not 
include  the  following,  which  should,  therefore,  be  furnished  by  the  purchaser 
unless  otherwise  specified. 

Complete  flooring,  sills  for  supporting  switchboard  and  other  pieces  set 
in  the  floor  or  wall  for  supporting  cable  racks,  oil  switch  operating 
mechanism,  etc.     All  false  flooring,  if  any  is  required. 

All  masonry  work  for  oil  switch  cells  and  bus-bar  compartments. 

All  openings  in  walls  or  floors,  with  suitable  bushin^pB. 

All  clay  ducts,  iron  conduit  and  other  similar  materuJ  to  be  laid  in  the 
concrete  floors. 

Doors  for  bus-bar  compartments,  lightning  arrester  or  static  discharge 
compartments. 

AH  cable  between  switchboard  and  machines  and  between  switchboard 
and  feeder  circuits. 

All  bus-bars  not  connected  directly  with  the  switchboard,  such  as  equal- 
iser or  negative  bus-bars  near  the  machines. 

If  the  purchaser  desires  to  include  any  of  the  above  material  in  the  switch- 
board contract,  such  material  should  be  clearly  specified. 

A  connection  diagram  showing  the  proposed  main  connections,  providing 
they  are  unusual  or  complicated,  should  accompany  the  specifications. 

The  height  and  width  of  the  panels  should  praerablv  be  left  to  the  discre- 
tion of  the  manufacturer.  The  thickness  of  the  panels  depends  on  the  sise 
of  the  panel,  the  material  of  the  panel  and  the  devices  mounted  thereon. 

The  design  of  the  supporting  framework  need  not  be  specified.  In  general, 
statements  in  spwifications  can  be  made  as  foDows: 

1.  *'The  material  of  the  panels  shall  be  such  as  to  afford  the  proper  insula- 
tion between  live  metid  parts  mounted  directly  on  the  panel,  for  tne  voltage 
on  which  the^  are  used.  It  shall  have  a  (natural  oil),  (black  enameled)  or 
(polished)  finish,  and  the  panels  shall  harmonize  In  color  and  markings  and 
r^  together  in  a  neat  and  workmanlike  manner.  The  panels  shall  be  properly 
supported  on  iron  framework.  Ck>nnection  bars,  bus-bars  and  wires  shall  be 
properly  supported  and  insulated." 

2.  "All  instruments  shall  be  dead  beat  and  protected  from  stray  fields 
produced  by  adjacent  connections  or  bus-bars." 

3.  "Circuit  breakers  shall  be  of  sufficient  capacity  to  carry  the  overload 
ampere  capacity  of  the  generator  or  motor,  without  overheating.  They 
shall  be  capable  of  opening  under  short  circuited  conditions  without  dan- 
j^erously  burning  the  contacts  and  shall  be  of  such  a  design  as  to  be  positive 
in  action." 

4.  "Oil  switches  shall  have  a  kilowatt  rupturing  capacity  based  on  the 
ultimate  installation  of  generators  as  heretofore  stated  in  these  specifications. 
The  switches  shall  witc^tand  for  one  minute  a  potential  test  between  con- 
tacts and  frame,  of  at  least  twice  the  rated  voltage  of  the  circuit." 

5.  "AU  switches  shall  be  of  such  capacities  as  to  carry  Uie  one  or  two 
hours  overload  rating  of  the  circuits  to  which  they  are  connected  without 
undue  temperature  rise,  and  shall  be  properly  designed  for  the  service  for 
which  they  are  intended  and  without  defects  of  workmanship." 
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6.  "ConneotioD  ban  and  wires  shall  be  of  suffioient  eroes  eeotioii  so  that 
with  Tnaximnin  load  the  temperature  rise  at  no  point  will  exceed  40^  C.  rise 
above  the  surrounding  air,  which  may  be  based  on  20°  C.  Bus-baxs  shall 
be  of  sufficient  cross  section  to  carry  continuously  the  total  normal  load  of 
all  the  generators  feeding  in  parallel  through  the  Dusses  at  various  jpoints. 

The  design  of  the  busses  shall,  as  far  as  possible,  permit  additions  and 
extensions  without  materially  interfering  with  the  operation  at  a  later  date, 
or  changing  the  existing  supports.  ' 

"Insulated  main  connection  wires  or  cables  should  have  flame-proof 
covering,  and  the  insulation  should  not  be  wholly  relied  upon  but  should  be 
supported  by  suitable  insulators." 

It  is  not  advisable  to  specify  the  contact  area^  cross  section  or  rating  of 
switches,  circuit  breakers  or  connection  bars,  as  this  often  necessitates  spedal 
devices,  whereas  standard  devices  could  have  been  used  if  only  the  temper- 
ature guarantees  were  given. 

If  purchaser  has  determined  as  to  what  instruments  and  switches  are 

necessary,  a  complete  list,  giving  the  equipment  of  each  ]Muiel,  should  be 

noluded.    Otiierwise  this  equipment  should  be  specified  in  detail  in  the 

manufacturers'  proposal  and  inserted  in  the  specincations  forming  part  of 

contract. 


Switching  devices  in  connection  witii  switchboards  can  be  divided 
eraJly  into  the  foUo wing-named  classes,  viz.: 

Switohes  for  low  voltage  and  small  current  are  of  the  same  general  form, 
though  differing  in  details.  In  the  main  they  consist  of  a  blade  of  copper, 
hinged  at  one  end  between  two  parallel  dips,  the  other  end  of  blade  sliding 
into  and  out  of  two  parallel  clips.  The  cups  are  joined  to  copper  or  brass 
blocks  to  which  the  circuit  is  connected. 

There  seems  to  be  little  uniformity  among  manufacturers  regarding  the 
cross  section  of  metal  and  surface  of  contact  to  be  used.  Perhape  a  cross 
section  cd  metal  of  one  square  inch  per  1000  amperes  of  current  capacity  is 
as  near  to  the  common  practice  as  any,  and  a  contact  surface  for  bolted  eon- 
tacts  of  at  least  one  inch  per  100  amperes  or  tea  times  the  cross  section  of 
metal  is  ^o  common  practice,  but  wiU  depend  somewhat  on  the  preseiirs 
between  surfaces.  For  sliding  contacts  the  density  per  square  indi  should 
not  exceed  75  amperes. 

Auxiliary  breaks  are  demanded  by  the  National  Code  for  currents  ex- 
ceeding 100  amperes  at  300  volts,  and  "quick-break"  switches  are  now 
quite  common  for  pressure  as  low  as  110  volts. 

The  rules  on  switeh  design  issued  by  the  National  Code  cover  the  require 
ments  well,  and  they  must  be  followed  in  order  to  obtain  or  retain  low 
insurance  rates;  aU  switches  must  meet  the  requirements. 

Blades,  jaws,  and  contacts  should  be  so  constructed  as  to  give  an  even 
and  uniform  pressure  all  over  the  surface,  and  no  part  of  the  surfaces  in 
contact  should  out,  grind,  or  bind  when  the  blade  is  moved.  The  workman- 
ship should  be  such  that  the  blade  can  be  moved  with  a  perfectiy  unifonn 
motion  and  pressure,  and  the  clips  and  jaws  should  be  retained  so  perfectly 
in  line  that  tixe  blades  will  enter  without  the  slightest  stoppage. 

9p»rkl]icr  »t  Svrttcliea.  —  In  a  paper  read  before  uie  firitish  Institu- 
tion of  Electrical  Engineers,  A.  Russell  and  C.  Patorson  discuss  the  subject 
of  sparking  at  switohes.  In  the  diagram  are  given  lengths  of  sparks  at 
various  constant  voltages.  Following  are  the  conclusions  arrived  at:  (1) 
The  spark  at  break  ought  to  be  taken  as  a  guide  to  the  rating  of  a  awitdi 
for  use  on  direct-current  circuits.  (2)  The  shape  of  the  terminals  does  not 
make  much  difference  in  the  length  of  the  spark.  r3)  The  effect  off  increas- 
ing the  speed  of  break  above  that  ordinarily  employed  is  small.  (4)  Thm 
e£»ct  of  a  double  break  is  to  make  the  lengths  of  the  spark  the  same  as  the 
length  of  a  spark  with  the  same  current  at  half  the  volta^.  (5)  The  de- 
ference in  the  length  of  the  spark  when  copper,  steel,  or  nnc  is  used  is  not 
great.  (6)  For  small  double-break  switohes  for  use  on  circuits  of  200  volts 
and  upwards,  when  the  trailing  spark  just  faib  to  bridge  the  aii^gap,  the  air- 
gap  should  be  double  the  distance  at  which  a  permanent  arc  can  befobtained. 
(7)  For  double-break  switches  for  large  currents  under  the  same  drcum- 
■tanoes  the  air-gap  should  be  more  Uian  double  the  arcing  distance. 
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A  dnntt  bmlwr  ta  »  davio*  vhliih  witomatlutly  apanj  tbe  atrmilt  Id  avcot 
irf  abDORnml  aleotruial  oonditiona  ia  the  mnuit.     Automatic  circuit  br«k«i 
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low  volMfa. 

EleotriokUy  tripped  from  a  diitanoa  (shant  trip). 
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lyi  undBltood  that  the  onriowl 
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.  — .-  ..-.  •iBndard  ovsrWd  circuit  btmlat. 

Ths  OTurlood   Clrcalt  Breakor  is    lued    to   prDleet  the  -v-'— 

triming  tiireer  ' 
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iDUDBt  depends  on  the  uup«re  capacity  of  tfc 

bnalien  rf  SOO  amperai  amT  above  may  be  dei^^^ „  ..,_..  __. 

lo  provide  tot  a  wide  variation  in  capaciti«s  without  intnjdudng  too  muy 
aiua.  eocb  circuit  breaker  ia  designed  to  oovo-  a  large  rniae  of  cunvat. 
betwcm  the  limiu  of  which  it  roiy  be  Ml  to  trip  at  practicaUy  any  point. 
The  limits  of  calibrttion  luuallf  range  from  60  lo  150  per  cent  of  the  oou- 

1  nrenlt  BrcKlwr  ia  aimilar  to  that  for  overiow^ 
It  of  an  underload  ioitead  at  an  orarioad.    IWi 


type  of  breaker  ia  applied  lo  alonge  battery  dreuita  lo  cut  od  the  b«tt«T 
when  the  ouirent  falls  lo  an  amount  which  would  indicals  that  the  bkltery 
was  fully  charged.  It  may  alao  aot  as  a  nvene  current  einuit  bnaker, 
beoauM  during  the  reversal  the  eurrant  tnusC  tall  to  lero  value.  The  undv- 
load  breaker  alio  ads  ai  a  low-voltag*  bnaker.  huamucih  aa  iiF  the  aounw  ri 
power  is  out  oft  the  flow  ol  aumat  will  sense.  However,  it  is  not  always 
desirable  to  use  an  underload  breaJier  for  such  purrneea  aa  it  would  openia 
In  many  cases  on  ■null  toads  when  not  intended  lo. 

The  IHrM:*  CamKt  SiKr^imm  C^rrvat  Circalt  Biwsdksr  la 
esssatially  an  overioad  breaker,  having  a  poUntial  winding  oparaling 
magnetically  in  ooniuaction  wilh  the  overload  feature  so  that  (he  drcuil 
breaker  will  open  in  event  of  a  revenal  of  the  direolion  of  [he  flow  of  ourreat. 
,Dnder  some  conditions  the  circuit  breaker  would  be  required  to  operate  on 
an  overload  and  a  revenal  of  cumnt.  In  other  oises  It  may  be  nquired  to 
operate  only  on  a  reversal  of  current.  Both  kinds  of  drouit  breakers  are 
manufactund.  but  the  most  reliable  method  ia  lo  apply  a  Tevfsse  curtant 
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of  liie  coil.    Shuntins  the  c 

TraaUMleBlBi*  MAm»  tm  HalUple.  —  When 

in^e  receiving  point  by  more  th^a  one  «y«l«m-oi 

lecdan.  it  will  be  leen  thstln  tbe  »beeoo«  of  eiii  tabu  ptotaotive  device*  pnp- 

■hort-drcuit  upon  one  set  ol  feedeni  mQ  be  fed  not  only 

located  betwaen  th*  aboti^rouit  uid  the 

am  of  tbe  portion  of  the  damaaed  feeder 

rent  flouring  in  the  reverae  aenu  from  the 

mwiua  •louuii.  Overload  "drouilbtealieca  at  both  genenUncand  raocjv- 
ingendsof  (heBBbinfomiBmeBnaatiKilBtinglhedamapad  lins.  Their  lua 
■lone,  however,  is  hable  to  ceuee  monienlan'  interruption  of  aervlo*  ia  the 
uninjuted  cabin,  which  will  be  repealed  until  (he  damaged  Una  ia  Bnally 
looated  and  put  out  of  service.  Circuit  breakera  Having  nivena  ourraot 
operation  locsWd  at  the  reoHving  end  of  Iha  trauminion  linee  will  antomat- 
ioUly  sever  the  damaged  oablesat  this  end  and  prevent  the  reoeiviDi  station 
from  feeding  back  into  the  Hhort-drcuit;  this  being  attained  without  inte> 
mplioD  of  uie  aervice,  la  cue  nf  a  receiving  station  having  a  DUmber 
of  faedan  el  approximately  the  same  rapacity,  ordinary  overload  oirouit 
bnadctn  will  generally  afford  ample  uroteotion  because  a  abori-circuit  in 
one  feeder  wiD  be  fed  through  iCa  own  olrcuit  b[«aker  from  all  the  other 
■       ■    ■  in  parallel.     This  will  tend  to  open  the 

larli^Bfirit.  >    •      -  ■  •~     - 


the 
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VHe  Ap^catl«A  mf  Clrcal*  Breakers  to  tke 
Stemffe  IfatterT  Beostenk  —  Boosten  of  the  oomppund  or  aerieB  type, 
if  left  oonneoted  with  the  aystem  when  the  oirouit  of  the  dnviiii^  motor  is  inter- 
rupted, will  act  as  series  motors  rotating  in  the  reverM  direction,  and,  if  not 
promptly  disconnected,  will  attain  a  destructive  speed.  Similar  conditioaa 
occur  should  the  booster  circuit  be  closed  betore  the  motor  has  been  started, 
or  should  the  motor  for  any  reason  lose  its  field.  Proper  protection  under 
these  conditions  is  secured  only  by  having  an  overload  and  no  voltage  drooit 
breako*  in  the  motor  circuit  inter-connected  with  the  circuit  breaker  in  the 
battery  circuit  in  such  a  manner  that  the  motor  circuit  breaker  must  be  dosed, 
before  the  booster  drouit  breaker  can  be  nutde  to  latch,  while  the  opening 


voltage  losses  in  leeders,  incident  upon  transmission  over  considerable  dis- 
tances, are  dther  series  or  compound  wound;  if,  therefore,  when  for  aziy  rea- 
son the  driving  motor  is  not  reodving  current,  the  booster  should  belef t  in 
connection  with  the  system,  it  will  run  reversely  as  a  motor,  and  in  view 
of  its  series  fidd- winding  will  attain  destructive  speed.  This  oonditioo 
may  be  adequately  dealt  with  by  the  emplo3rment  of  circuit  breakers  similar 
to  those  prescribed  for  the  previous  section. 

The  low-voltage  trip  coil  consists  of  a  shunt  winding  connected  across  tbs 
drouit  in  series  with  a  resistance,  or  may  be  connected  in  series  with  the 
•hunt  fidd  of  a  motor  if  used  on  direct  current.  So  long  as  the  voltage 
remains  constant  the  coil  holds  up  a  plunger,  but  if  the  volta^  drops  bdowa 
OMtain  limit  the  plunger  is  rdeased  and  the  force  of  the  blow  trips  the  breaker. 

The  shunt  trip  cou  is  normally  open-circuited,  and  when  enefgised,  by 
means  of  a  controlling  switch  or  auxiliary  switch  or  such  device,  it  actuates 
the  drcuit  breaker. 

CURClTfT  BRBAKBR  BBftlOM.  —  Blrect-Cnrreiit  Cfr* 
cvtt  Breakers  are  nutde  sini^e,  double  and  triple  pole  and  four  pole. 
The  double-pole  drcuit  breakers  usually  have  the  overload  feature  on  one 
pole  only,  wnich  is  suffident  protection,  except  in  case  of  the  three-wire 
systems  where  a  triple-pole  breaker  having  two  or  three  coils  should  be 
provided.    Some  types  of  double-pole  breakers  have  a  coil  to  a  pole. 

Altematlar-CvrreBt  Ctrcnlt  Breakers  are  made  dngle,  double, 
triple  and  four  pole.  The  single-pole  drcuit  breaker  has  one  coll ;  the  double- 
pole  circuit  breaker  has  one  coil;  the  triple-pole  circuit  breaker  may  have  but 
one  coil  if  used  on  a  motor  drcuit,  as  there  is  practicaUy  no  chance  of  a  short 
drcuit  between  out  two  of  the  leads,  otherwise  it  should  have  two  coils,  and 
in  cases  where  the  three-phase  s^tem  has  a  grounded  neutral  it  should  have 
three  coils;  the  four-pole  circuit  breaker  should  have  two  coils,  unless  the 
phases  of  a  two-phase  system  are  interconnected,  in  which  esse  it  should  have 
three  coils. 

The  carbon-break  drouit  breaker  has  been  genendly  adopted  for  stadoa 
work  on  aocrjunt  of  the  fact  that  it  rcKiuires  minimum  attention,  and  will 
operate  many  times  on  short  drcuits  without  requiring  deaning  or  repair  of 
the  contacts. 

The  sequence  of  operation  of  the  various  contacts  of  the  carbon-break 
drcuit  breaker,  is  as  follows:  First,  the  main  contact  opens,  which  shunts 
the  current  through  the  intermediate  and  carbon  contacts,  then  the  inter- 
mediate contacts  separate;  this  leaves  the  drcuit  through  the  carbon  eon- 
tacts,  where  the  drcuit  is  finally  broken.  The  object  of  the  intermediate 
contact  is  to  prevent  an  arc  forming  on  the  main  contact. 

Where  it  is  dedred  to  definitely  mrect  the  arc  from  the  drouit  breaker, 
or  the  amount  of  space  for  the  arc  is  limited,  such  as  would  be  the  ease  in 
car  work,  magnetic  blowout  breakers  are  preferable. 

CSrouit  breakers  of  the  carbon  break  type  which  are  in  most  common  use, 
are  preferably  mounted  at  the  top  of  the  switchboard  panels,  as  ttie  are 
formed  in  opening  is  invariably  blown  violently  upward,  and  is  liable  to 
damage  an^  apparatus  mounted  directly  above  it,  or  bbuucen  and  bum  the 
pand.  This  tendency  is  not  pronounced  on  small  capadty  drcuit  breakers 
on  drcuits  of  250  volts  or  lem.  and  this  precaution  is  unnecessary. 

CIBCUIT  BBBAKi!RS.->For  Alteraa«ta«--Cteriwa«0er^ 
▼ice.  —  The  class  of  circuit  breakers  required  for  polyphase  drcuita  b^gdy 
depends  upon  individual  conditions;  the  few  cases  considered  here  will  somee 
to  indicate  the  iMiadples  which  should  influence  the  sdeotioo. 
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111  tli0  oonaideration  of  polsrhase  systenui,  it  must  not  be  fongptten  that 
a  larpB  proportion  of  the  generators  and  motors  are  made  with  mterlinked 
windin|EB,  and  for  this  reason  circuit  breakers  for  the  protection  of  two-jphase, 
four-wire  generators  and  circuits  should,  remrdless  of  voltage,  provide  for 
the  severance  of  all  four  leads,  as  a  single  break  in  each  phase  still  leaves 
th»  two  remaining  leads  subject  to  a  potential  difference  of  not  less  than 
seven  tenths  of  the  voltage  in  either  phase. 

This  point  is  made  dear  by  reference  to  the  accompanying  cut  A,  which 
shows  two  pieces  <^  two-phase  apparatus,  as,  for  instance,  g^erator  and 
motor  connected  to  the  same  circuit.  On  account  of  the  windings  being 
interlinked,  it  will  be  seen  that  the  passage  of  current  from  one  to  the  other 
is  still  possible,  unless  at  least  three  of  the  four  wires  are  severed. 

Where,  as  is  freciuently  the  case,  the  entire  output  of  the  two-phase 
generator  is  supplied  to  single-phase  transformers  having  independent 
primary  windings,  then  it  is  true  that  in  the  absence  of  grounds  or  crosses 
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Cirouits  Connecting  Polyphase  Apparatus. 

the  generator  will  be  fully  relieved  of  its  load  by  the  opening  of  both  phases, 
each  at  one  point  only.  Reference  to  cut  B  shows,  however,  that  the  possi- 
bility of  grounds  or  crosses  is  a  contingency  which  in  this  case  needs  to  be 
carefully  reckoned  with,  as  in  the  event  of  either  of  these  conditions  myolving 
both  of  the  unsevered  mains,  the  opening  of  the  circuit  at  one  point  m  each 
phase  does  not  relieve  the  generator.  ,     ..  x    « 

drcaite  Connectlaur  PoljrpluM«  App»nitiia.  —  In  tiie  event  of 
a  short  circuit  on  the  mams  supplying  a  synchronous  motor  this  piece  off 
apparatus,  kept  in  motion  by  its  own  momentum,  acts  for  the  time  being 
as  a  generator,  thus,  much  increasing  the  severity  of ,  the  short  circuit. 
Again  upon  the  opening  of  the  circuit  breaker  the  coincident  slowmg  down 
ofthe  motor  results  in  its  E.M.F.  dropping  out  of  phase  with  that  of  tbe 
generator,  thereby  very  greatly  increasing  the  total  electromotive  force  of 
the  circuit  and  producing  abnormal  strains  upon  opening  devices  and  insu- 
lation. , 

Thcnfore,  the  circuit  breaker  chosen  should  be  such  that  when  "Jj  oPJf* 
not  more  than  one  main  of  the  circuit  shall  remain  in  connection  with  tbe 
source  of  the  supply.  Motors  operating  on  three- wire  circuits  of  modnate 
voltage  may  be  adequately  protected  by  double-pole  circuit  braaken.    Tnoae 
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drauit.  and  undue  wsats  of  energy. 

Tha  heavy  Btortui^  ourrent  required  by  many  types  of  polyphaaa  cc 
hai  in  (ha  put  oonatituied  a  sehoua  objeotion  io  the  use  o{  overload  c 
breaken  tor  their  protection.  This  difficulty  is  overeome  by  makin 
oonneetiona  between  the  nula^tarter  and  circuit  bnaker  such  that  tha 
will  be  iaoluded  In  the  circuit  af  ihe  motor  only  when  the  swiich  '  " 
■   ■    -  ■in.     Reference  to  Fig.  «  she        ' 


open  upon  Uie 
be  uoduly  kw 

PethapB  the r 

aflflidental  severance  t^  but  one  phase 

veiy  iiihtly  loaded,  soma  to  a  standstill,  and  il 
will  be  senously  tnjumd. 


iverioad,  aa  wilf  sJso  tf 

of  damage  to  palyrdiase  moton  is  tb* 


It  promptly  diseonneetad 
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0»pttcltj  of  Ciimit  Breaker 

Qeneraters. 


fer  ■».<?* 


The  rise  of  a  oirouit  breaker  ii  ordinarily  detennined  by  its  nonnal  ourrent 
oarryins  capacity,  and  for  any  generator  the  capacity  of  the  ditmit  breaker 
should  be  the  same  as  the  nonnal  rated  capacity  of  the  generator,  and  the 
breaker  shoxild  be  calibrated  for  such  a  ranee  oi  overload  as  is  required  by 
the  senrioe  conditions. 


VmpmeUy  of  Clrcvit  Breaker  Beet  A/«apted  for 

of  Aiven  Mae. 

Th0  CiUter  Company, 

The  following  table  indicates  the  sixes  of  oirouit  breakers  best  adapted 
for  the  protection  of  various  siMs  of  motors  of  from  i  horse-power  to  100 


horse-power  at  voltages  of  125.  260.  or  500. 

The  figures  given  in  the  left  band  column  indicate  the  horse-power  of 
motor  at  full  load;  the  remaining  columns  show  the  normal  capacity  of 


circuit  breakers  required  for 


nmg 
each 


of  the  voltages  given. 


the 
the 


Uof8»>Power 
of  Motor  at 
Rated  Load. 

For  126  VoHs  Nor- 
mal CSapaoity  of  GHx^ 
cuit  Breaker. 

For  250  Volts 

Normal  Capacity 

of  arcuit 

Breaker. 

For  500  Volts 
Normal  Capacity 
of  arcuit 
Breaker. 

* 

4  amperes 

•  •  ■ 

•  «  • 

1 

8  amperes 

4  amperes 

•  •  • 

2 

16  or  20  amperes 

4  amperes 

4  amperes 

3 

24  or  30  amperes 

12  amperes 

8  amperes 

5 

45  amperes 

20  amperes 

10  amperes 

J* 

60  amperes 

30  amperes 

20  amperes 

10 

80  amperes 

40  amperes 

20  amperes 

15 

150  amperes 

60  amperes 

30  amperes 

20 

200  amperes 

80  amperes 

45  amperes 

25 

200  amperes 

100  amperes 

60  amperes 

30 

300  amperes 

150  amperes 

60  amperes 

40 

300  amperes 

150  amperes 

80  amperes 

50 

400  amperes 

200  amperes 

100  amperes 

75 

600  amperes 

300  amperes 

150  amperes 

100 

800  amperes 

400  amperes 

200  amperes 

—  A  relay  is  a  device  which  opens  or  closes  a  local  circuit 
nnder  prenletermined  electrical  conditions  in  the  main  circuit. 

—  There  are  three  general  classes  of  relays  as  follows: 

1.  Signalling. 

2.  Regulating. 

3.  Protective. 


SlffBAlUag-  IftelajB. 

>a*  —  The  signalling  relay  acts  to  transmit  signals  from  a  main 
to  a  seconaary  circuit. 

AppliesitioB*  —  They  are  mainly  used  in  telegraph  and  telmhone 
work,  Deing  known  by  the  tenns  tel^praph  or  telephone  relays,  and  do  not 
need  further  description  hare* 
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m»  •—  The  regulating  relay  acts  to  control  the  condition  of  a 
main  drouit  through  control  devices  actuated  by  a  secondary  circuit.  This 
control  may  involve  the  maintenance  (rf  eith^  the  voltaj^,  current,  fr^ 
quenoy  or  power  faotor  of  a  circuit  at  a  constant  value. 

AppllOAMoM.  —  The  regulating  relay  finds  application  in  generator 
and  feeder  circuit  rejsulators,  such  as  the  Tirrill  Regulator,  etc.,  in  which  it 
forms  the  main  device,  all  other  apparatus  being  subsidiary  and  actuated 
thereby. 

It  differs  from  the  usual  protective  rela3i[  in  having  its  contacts  differ- 
entially  arranged,  that  is,  so  that  contact  is  made  on  a  movement  of  the 
relay  to  either  side  of  a  central  or  normal  position. 

The  regulating  relay  is  usually  considered  a  component  part  of  its  pai^ 
ticular  regulator  and  tor  this  reason  it  will  not  be  further  considered  here. 

Protectl¥«  Relaya. 

CoMoMOB*  —  Distributing  systems  requiring  more  selective  and  flexible 
protection  than  that  afforded  by  the  inherent  control  features  of  automatie 
circuit  breakers  are  equipped  with  protective  relays. 

Protective  JRelaja.  —  Protective  relays  are  used  entirdy  for  the 

{>rot6ction  of  circuits  from  abnormal  and  dangerotui  conditions  such  as  over- 
oads,  short  circuits,  reversal  of  current,  etc.  They  act  in  conjunotion  with 
automatic  circuit  breakers,  operating  when  their  predetermined  settixig  haa 
been  reached,  energizing  the  trip  coils  of  the  breakers  and  opening  the  circuit. 
AiixlliaTy  Relays.  —  Sometimes  a  main  relay,  due  to  inherent 
limitations,  is  not  able  to  fulfill  all  of  the  necessary  requirements.  An 
"auxiliary"  relay  is  then  used  in  conjunction  with  the  "main"  relay  and 
supplies  the  missing  f imctions.    Such  missing  functions  may  be  for  example: 

1.  Lack  of  time  element  feature  in  the  main  relay. 

2.  Insufficient  canying  capacity  of  the  inain  relay  contacts. 

ClaMlflcatloa.  —  Protective  relays  are  sub-divided  according  to  their 
particular  function  into  the  following  classes: 

Over-voltage,  overload,  overload  and  reverse  current,  reverse  current, 
underload,  low-voltage  and  reverse  phase.  These  designations  indicate 
the  circuit  conditions  under  which  the  various  dasses  operate.  For  exampIcL 
the  over- voltage  relay  operates  when  the  voltage  rises  above  a  predetennisea 
amount;  the  reverse  current  relay  operates  upon  reversal  of  current,  etc. 

TIaae  Sleaaent  Featare.  —  Continuity  ci  service  is  an  eeaentiBl 
consideration  in  all  installations,  and  interruption  of  the  service  cannot  be 
tolerated  unless  the  protection  of  the  apparatus  demands  it.  There  are. 
however,  certain  abnormal  conditions  of  current  flow  which  may  exist  for 
a  short  time  on  a  circuit  without  causing  serious  damage,  such  as  swinsipc 
grounds,  intermittent  short  drcuits,  s3mcnronising  cross  currents,  etc.  The 
simple  instantaneous  relay  would  in  such  cases  act  Instantly  and  intmrupt 
the  service  unnecessarily.  There  has,  therefore,  arisen  the  necessity  for 
rdays  having  a  retarded  or  time  element  action. 

IleilBlte  Tlaae  I.laalC  JRelajr.  —  For  certain  service  it  is  suffieient 
that  this  retarded  action  have  a  definite  predetermined  value  indq>endent  of 
the  load  condition.     Such  a  relay  is  termed  a  "  definite  time'*  Umii  rsfay. 

Inverse  Tiaae  Iilaait  JAelaj.  —  For  other  service  it  is  necessary 
that  this  time  dement  vary  inversely  with  the  load,  that  is,  with  greatw 
load  the  time  element  shoula  be  less,  and  vice  versa.  Such  a  relay  is  termed 
an  "inverse  time**  limii  relay. 

Applloatloa  of  tlie  lastantaaeoas  Relay.  — Instantaneous 
relays  are  used  where  it  is  desired  to  give  protection  only  at  the  limiting 
carrying  capacity  of  the  apparatus. 

Applloatloa  of  Dellalte  Tlnse  Idialt  Relay.  —  Definite  time 
limit  relays  are  used  where  it  is  necessary  to  maintain  service  on  a  giTen 
circuit  at  all  hazards  for  a  predetermined  time.  This  allows  temporary 
grounds  and  short  drcuits  to  dear  by  burning  themselves  out,  and  prevents 
synchronising  cross  currents  from  opening  the  breakers.  Most  destrmbleof 
all,  however,  it  enables  instantaneous  and  inverse  time-dement  relays  on 
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oontigooiu  oirouitB  of  less  importanoe  to  operate  and  out  off  under  dis- 
turbanoee  without  opening  the  important  oiriDuit,  even  though  the  latter  is 
temporarily  heavily  overloaded  during  the  diBturbanoe. 

CwanMterlctioe  of  the  Imt«i««  OTliMe  Slement  RelAy.  — 

—  Inverse  time  element  rdays  poteeoa  two  valuable  charaoteriBtice  ae 
foUowe: 

1.  Their  operation  is  inversely  proportional  to  the  strain  on-thess^tem; 
the  greater  the  strain,  the  quicker  the  relay  will  operate. 

2.  By  virtue  of  1,  they  act  "selectively/'  those  nearer  a  point  of  dis- 
turbance in  a  S3fstem,  and  which,  therefore,  receive  the  greatest  load,  oper- 
ating firat,  eutting  out  the  affected  portion  and  clearing  the  system  wnile 
oonmiing  the  disturbance  to  a  minimum  area.  As  an  example,  consider  a 
system  a  three  feeders  (1.  2,  and  3,  Fig.  41)  connecting  a  set  (»  power  station 
bus-bars,  Af  with  a  set  of  sub-station  Dus-bars  B,  and  protected  with  auto- 
nuktie  ctrcmt  breakers  controlled  by  overload  inverse  time  element  relays 
at  Dt  B.  F,  and  reverse  current  inverse  time  element  relays  at  P,  Q,  R,  Tne 
overloaa  relays  will  each  be  adjusted  for  operation  at  the  same  current;  Uke- 
wiee  the  reverse  current  reLays  will  each  be  adjusted  for  operation  at  the 
same  current. 

Assume  now  that  a  short  circuit  develops  in  1  at  point  X,  All  three 
feeders  will  at  onoe  oommenoe  to  supply  current  to  the  short  circuit  from  A. 


G 


Z, I 


^m 


^ 


Fio.  41.    Illustration  ci  Selective  Action  of  Inverse  Time  Element  Relay. 


If  B  is  a  rotary  converter  sub-station,  the  rotaries,  by  virtue  of  their  enormous 
fly  wheel  effect,  may  tend  to  supply  current  also,  but  as  this  has  no  par- 
ticular bearing  on  the  point  to  be  Drought  out  it  will  not  be  further  consid- 
ered. D  heing^  nearest  the  fault  X,  and  therefore  in  the  circuit  of  least  line 
drop,  will  receive  more  current  than  E  and  F.  By  virtue  of  the  inverse 
time  law  it  therefore  operates  first  or  "selectively,**  cutting  off  the  feeder  1, 
from  A  before  B  and  i^have  time  to  act.  Simultaneously  P  has  been  recdv- 
ing  current  in  the  reverse  direction  through  bus-bars  B,  from  feeders  2  and  3, 
and  has  cut  off  feeder  1  from  B.  Q  and  J?  will  not  operate  as  they  receive 
current  only  in  die  normal  direction,  and  E  and  F  will  not  operate  as  the 
fault  has  been  isolated  and  they  have  been  relieved  of  their  overload  before 
th^  have  had  time  to  act.  In  actual  practice  on  alternating-current  circuit 
relays  P,  Q,  R  will  operate  on  both  overload  and  reversal  of  current,  and 
are  so  designed  that  the  operation  on  reversal  of  current  is  at  a  much  lower 
value  than  on  overload  (aoout  i  to  i  in  representative  types).  If  overload 
and  reverse  current  relays  were  used  at  P,  Q,  R,  the  relay  at  P  would  operate 
before  Q  and  R.  for  the  reverse  fault  current  flowing  through  P  is  the  sum  of 
the  normal  fault  currents  through  Q  and  R. 

Where  only  two  feeders  exist  as,  say  1  and  2,  P  and  Q  would  each  receive 
the  same  amount  of  fault  current,  and  the  selective  action  is  not  so  great, 
but  is  still  amply  sufficient  to  allow  P  to  operate  before  Q,  on  account  of  the 
difference  between  their  reverse  and  overload  tripping  values. 
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Similariy  to  the  definite  time  element  relay,  the  invene  time  elemit  nlear 
will  allow  temporal^  grounds  or  short  eirouits  to  elear  themselves  azKi  wul 
prevent  synchroninng  cross  currents  from  opening  breaken.  TliiB  action 
IS  somewiiat  more  limited  in  the  latter  on  account  d  the  inwie  feature; 
but  is  mute  sufficient  for  all  ordinary  conditions. 

MeolMMJem  of  the  ProtocnTO  Relay.  —  Protective  relays  in 
their  simplest  form  consist  d  three  elements: 

1.  Tlie  actuating  mechanism  energiaed  by  the  line  eouroe  to  be  pro- 

tected. 

2.  A  set  of  contacts  operated  thereby. 

3.  The  time  elemenl,  feature  (where  present). 


AjctamtLm^  Mechttiitam.  —  Hie  actuating  mechanism  assomes  the 
farm  which  wiU  give  operation  under  the  desired  conditions.  It  usoally 
mvolves  a  motive  device  consisting  of  a  solenoid  and  core,  a  rotating  motor 
or  some  form  of  instrument  movement. 

Tripplac  MeclusBlem.  —  This  usually  consists  of  a  set  of  moving 
platinum,  silver  or  carbon- tipped  contacts  engaging  a  corresponding  set  of 
stationary  contacts.  Some  relays  have  single  contacts  for  elosing  a  mot^ 
tcippiog  circuit;  others  are  i^rovided  with  multiple  contacts  for  closing  two 
or  more  tripping  circuits,  as  in  the  operation  of  double  throw  systems  where 
a  relay  in  the  main  circuit  has  to  operate  drouit  breakers  in  eadx  of  the 
du^ioate  feeder  bus-bars. 

TlBie  Blemeat  Mecluuilem.  —  In  this  instantaneous  relay  aD 
retarding  mechanism  is  eliminated,  the  rday  acting  practically  instantane- 
ously with  the  application  d  an  excessive  ounent.  In  the  defimte  time  limit 
relay  it  is  the  usual  praotioe  to  employ  an  air  dashpot,  such  as  used  in  arc 
lamps,  to  the  piston  of  wfaidi  the  contact  mechanism  is  attached.  Upon 
the  operation  of  the  actuating  mechanism  the  contact  mechanism  is  released 
and  allowed  to  descend  by  fpravity  against  the  action  of  the  dashpot,  ther^ 
making  contact  a  definite  mterval  of  time  after  the  disturbance  and  inde- 
pendent of  the  nuMsnitttde  of  the  distuibanoe. 

In  the  inverse  time  limit  relay  the  actuating  and  contact  medumism  ai 
attached  directly  to  an  air  bellows  and  upon  operating  tends  to  comprsBs 
the  bellows  against  the  action  of  a  specially  constructed  escape  valve  in  the 
latter. 

The  amount  of  the  retardation  varies  inversely  with  the  pressore  on  the 
bellowB  and,  therefore,  inversdy  with  the  magnitude  of  the  disturbance. 
An  alternative  arrangement  replaces  the  beUows  with  a  conducting  dkdc 
cutting  a  magnetic  field,  in  which  the  retardation  due  to  the  eddy  eurrent 
reaction,  induced  on  moving  the  disk  through  the  field,  varies  invenMly  with 
tile  magnitude  of  the  force  with  which  tiie  disk  is  urged  through  the  fidd 
and  hence  inversely  with  the  disturbance. 

Sliiuii  Trip  Centaeta.  —  The  usual  arrangement  of  relay  contaoli 
provides  for  their  dosure  upon  the  operation  of  the  relay,  in  wfaidi  case  the 
relay  is  spoken  of  as  bdn^  provided  with  *' shunt  trip  contacts."  Hie  con- 
tacts are  connected  in  series  with  the  tripping  drcuit  of  the  breaker  and 
an  independent  source  of  current,  and  upon  dosing  eoen^ie  the  tripping 
drcuit  and  open  the  breaker. 

The  trippinfc  coils  are  woimd  for  shunt  operation  from  the  independent 
source  wmoh  is  usually  a  direct-current  exdter  drcuit  or  a  storage  oatttfy. 
and  the  drouit  breaker  is  spoken  of  as  bdng  equipped  with  shunt  trip  edb. 

The  operation  ol  shunt  tripping  coils  from  the  drouit  bdng  protected  is 
inadvisable,  owinp;  to  the  liability  of  the  trip  coil  failing  to  operate  on  the 
low  voltage  existrng  under  short  drcuit  and  overload  conditions. 

••rtee^  Trip  Contacte.  —  Where  an  independent  source  of  ounent 
is  not  available  the  circuit  breakers  are  provided  with  series  tripping  ooil^ 
wound  for  opoation  from  series  transformers  in  the  main  drouit.  Overioad 
rdays  are  also  provided  with  series  trip  contacts  which  differ  from  the  diunt 
trip  contacts  in  bdng  normally  closed  inBtead  cd  opea,  and  opening  upon 
operation  of  the  rday.  They  are  connected  in  shunt  with  the  series  trip 
coils  short  drcuiting  the  same.  Up)on  operation  of  the  relay  they  open, 
allowing  the  transformer  secondary  current  to  flow  throuj^  the  tnp  coib 
and  trip  the  breaker.     As  there  is  always  sufficient  current  flowing  under 

overload  and  short  drcuit  conditions  to  operate  thejbrip  ooIIb,  this 

ment  is  as  satisfactory  as  shunt  tripping. 
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I  •f  Alt«matlii«^CwnreM«  SystoBM.  — The  aRpUoft- 

tion  (A  relays  to  an^  given  system  depends  almost  entirely  upon  the  looal 
conditions  of  operation,  vamng  somewhat  with  each  installation. 

C^nenfttor  Ctrevit  Prot«cti«A.  —  Representative  practice  no. 
ommends  the  phusing  on  generator  drouits  cb  either  a  revene  cunent 
rday,  with  a  time  element  feature,  or  dse  the  entire  elimination-cf  automatio 
protection.  .^ 

Jeg<or  Climit  mhtmimetimm,  —  For  feeders  at  the  power  station 
end,  overload  inverse  time  element  relays  are  desirable.  For  feeders  at  the 
sub-station  end,  overload  and  reverse  current  invene  time  dement  relays 
are  desirable. 

Mmtmxj  Converter  Clrciiit  ProtecttoA.  —  With  rotary  eonvert- 
eiB,  an  ova-load  inverse  time  limit  relay  in  the  hi|^  tension  side  of  the 
power  transfonnera  will  give  protection  for  the  altemating-ourTent  side. 
For  the  direct  current  side  a  reverse  current  inverse  time  limit  relay  operating 
the  direct  current  breakers  will  be  required. 

Protectliiir  JPonr^fTire  Tliree-I^kaue  Syetem.  —  An  example 
of  the  relaying  required  in  a  typioal  four-wire  three-phase  system  ia  illua- 
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Fio.  42.    Relaying  of  a  Four-Wire  Three-Phase  System. 


trated  in  Fig.  42.  Three  generators  operating  with  their  neutral  points 
grounded  throui^  a  resistance,  feed  a  common  bus  system,  four  sets  of 
feeders,  power  transformers,  rotaries,  etc.,  for  alternating-current  and  direct- 
current  distribution  of  power.  Automatio  circuit  breakers  are  inserted 
operated  by  relays  aa  follows: 


At  A,  A.C. 
At  B,  A.C. 
At  C.  A.O. 
At  A  A.C. 
At  B,  D.C. 


Overload  and  reverse  current  inverse  time  element  relays. 

Overload  inverse  time  element  relays. 

Overload  and  reverse  current  inverse  time  element  relays 

Overload  inverse  time  element  relasrs. 

Reverse  current  invose  time  element  relays. 


The  relays  at  A  are  intended  for  reverse  protection  only  and  so  have  their 
overload  adjustment  set  at  the  maximum  value. 


SWITCHBOARDS, 
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m  ployed  >n: 


Ovovoltagi)  relayi. 

Low- voltage  relays. 
Undarloiul  mlays. 
0\-er!oad  relays. 
Overload  and  reveme 
Low-voltan  rtlays. 


■t*0>*i^Tsltac«i  Btila7. — Tht  direet-eimvnt  oni^ 


to  dksooDnect  the  battflr^  fmm 
oartalD  wdl-deRned  oondilioni 
ita  eharte.     The  voltaite  of  A  balUry  in  depe 
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permanently  change  the  law  of  a  battery's  voltage  curve,  and  an  over-voltage 
relay  eet  for  a  given  full  oharae  condition  may  actually  operate  when  the 
battery  ia  not  at  full  charge.  The  proper  setting  of  a  relay  on  such  a  circuit 
10,  th«efore,  a  matter  entirelv  to  be  determined  oy  the  operating  conditions 
and  with  full  consideration  Being  given  to  the  effect  upon  the  full  charge 
voltage  of  the  charge  and  disehaiYe  factors. 

]Nir«c«-C«rr«mt  Revene  Cvrrent  llelaj.  —  The  directHsurrent 
reverse  current  relay  is  chiefly  used  for  the  protection  of  storage  battery 
installations  and  rotary  oonvertere.  When  appii«l  to  rotary  converters 
operating  in  parallel  the  relay  serves  to  protect  against  short  circuits  ocour- 
nng  on  the  altemating-current  side  of  the  rotary,  on  the  direct-current  side 
between  the  rotary  and  relay,  or  in  the  rotaiy  itself. 


Fio.  44.  General  Electric  Alternating-  Fio.  46.  General  Electnc  Altematmg- 
Current  Overload  Relay  Instantan-  Current  Overload  Relay  Instantan- 
eous  Action  Shunt  Trip  Contacts.  eous  Action  Series  Trip  Contacts. 

Short  drouits  occurring  on  the  direct-current  side  beyond  the  relay  are 
taken  care  of  by  the  circuit  breaker  overload  coils.  When  applied  to 
fltorage  battery  installations  the  reUy  prevents  the  battery  from  diacharg- 
ingbaok  into  its  charging  source. 

VIsMe  SleuMUit  S%atare.  —  When  synohromsing  machines  to^  a 
Byatexa  operating  a  rotary  converter,  momentarv  and  harmless  corrective 
currents  are  liable  to  flow  toward  the  rotary  on  the  direct-current  side.  In 
order  to  prevent  interruption  of  the  circuit  by  such  flow,  where  revene 
current  relays  are  present,  it  is  necessary  that  the  latter  have  a  time  elememt. 
Hiis  time  element  must  oe  of  the  inverse  order  to  give  (^uick  interruption 
on  overioads  and  short  circuits  and  to  give  a  selective  action  so  as  to  cut  off 
affeeted  circuits. 

OrenpeMllnr  •'  W^mtmHmm.  —  Reverse  current  relays  are  not  a 
complete  protection  against  the  ovwspeeding  and  running  away  of  rotary 
converters  such  as  would  result  from  the  opening  of  the  rotary 's  neld.  They 
should  be  supplemented  by  mechanical  overspeed  devices  attached  directly 
to  the  shaft  oi  Uie  rotary  and  arranged  to  cloee  the  trip  circuit  upon  opera- 
tion. Such  additional  precaution  is  necessary  as  very  low  reverse  currents 
exist  under  such  oonditions,  only  sufficient  to  supply  the  losses  in  the  rotary 
and  less  than  the  minimum  setting  of  the  ordinary  reverse  current  rday, 
which  will  therefore  fail  to  operate  and  Moteot  the  machine. 

IMrect-Carrent  Iiow-Voltec^  Itelay.  —  This  relay  is  generalli 
used  in  connection  with  direct-current  motors  and  operates  when  the  vol- 
tage of  the  drouit  falls  below  a  predetermined  value. 
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load  BelaLj.  —  Tbli  nliy  ig  mainly  ikkI 
chargJiuctfAtorMA^tteria  toducobnect  thebattchea  wh«n  charc«d. 
I«f>ri^  Vmrwmmt  OrerlMMl  M«l«kJ>  —  This  relay  li  ami 
—' ' — '-  — inly  for  tha  prol«IJoii  <J  (eedm,  rr' 


piDTided  d«p«adiiur  on  Uia  triEniiai  •ouros. 

HtnmtlJa-  rnrrrnt  OTCrlsad  aad  R*T«n»-Gaii 
lar- — Thia  ratay  b  aa  imporiaat  ons,  very  eiteruively  uisdfoi 
MM  (Mdar  protsctian.  It  nuU  only  in  Iliemvene  tune  limit  (oi 
nicd  for  ganorator  prot«atioii  Ibe  oierloul  adjuBlmoit  u  aM  at 
mum  valua  to  siv«  orarload    praleoiioa  only  at  ths  maxuaui 


sfunsfs^^" 


Fla.  47.  WaatiachouM  Alleraatuic- 
Curraat  Ovarload  Rdav  (Covv  R*- 
movad)  Invena  Tim*  limit  Aotkm 
Shunt  Trip  OontaeU. 


of  this  rday  haa  been  oovemd  in  thajncadlnc  paiaa. 

—  -,_m. — _■ —       TWa  typerfiiay 

■  fall    in  tha  lioa 


oapadty  of 

Tiwad.      __ 
_  -^ -jr  ^«  prot4Dtion  of  induation 

uisd  to  , J. ... 

totatLaa  or-  phaaa  prwraanon  of  tha  altomating-ourrmt  aouroa^ 

M*aa**»<)aBfn>l  •wltokH  tmr  M^mmlHuw  dnalto.  —  In  larri 

of  oonvsnienoc.  dioCata  tha  tjaoing  of  equaliaar  iwltofaaa  ofciae  to  the  gmtn- 
ton,  for  the  nawn  that  th«  coat  of  eabls  to  oonnMt  tba  canatstor  to  tba 
aqilAliaar,  if  carriod  from  tha  maahiae  to  th«  awitohboard  and  bmak  acain. 
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Fisun  48  bamith  li  u  illuatratioD  of  ■  pur  of  swiuha,  awde  by  tb* 
CatMT  Oon^wny  for  ■  l»r»  New  York  power  hoUM.  list  meet  thtm  oopdi- 
tiau:  The  lisht-hsnd  swiloh  bu  a  opwoty  sf  2,000  oiDpwtB,  uid  the  lift, 
3.000.  The  upp«  Unniul  of  esofa  of  Uue*  awitohca  wnnecla  with  the 
eqiuliHr  nuin,  wbieh  Uktt  th»  plam  at  the  egu&luer  bua  olberwue  nqiiind 
■I  the  iwitcbboud.  The  lower  tamiiul  </  eech  ia  conneaMd  with  the 
■ppropiiate  lanniiul  of  the  Mriee  wloding  <d  the  wcreapoDdiac  i 
Tie  downs  of  awb  iwiKb.  ilienfora,  oomplaUe  the  eqw" — 


Fia.  IS.    Renuits-CDOtnd  Bwitob  tor  EquaUier  CirouJti. 


„  „ I  wfaloh  it  ti  ooiuieeted.    lliege  awltebu  sre  doiined 

.^r  oontcol  from  >  iwitohbovd  located  at  ■  diatapce,  euoh  oontrol  bcong 
eHeoted  by  the  morament  at  m  muO  doubl«-thn>w  iMtoh,  brinfiiis  Into 
drndt  opoQ  one  moveoMDt  tbe  opeidDg  ooil,  aod  upon  the  opponte  move- 
ment, the  oioeliiK  eoil.  Buib  ewitch  u  >1»  provided  with  m  hand-dowDg 
■neehukism.  so  tont  it  een  be  operated  at  the  nuohine. 

Xicrar  ••rftckee,  —  Lever  iwitohea  are  pkia  Imire  bUde  iwltsbca 
■nd  me  tor  me  on  direot-eurmnt  siremta  up  to  2S0  volta  and  on  alt«matiD|:- 
Durnmt  oinniiti  up  to  500  volta.  The  deaisa  of  (bna  awilcbn  la  thorouch^ 
covored  by  the  Fire  Undarwriten  Coda-"  The  aooompaoying  diagram 
icprasanla  (yplaal  lever  ■witobea.     It  abould  be  noted  that  for  awilchaa  of 
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thi>  dua.  ■  CKpMity  erf  UOO  unpem  in  >  riiu^  iwltoh  li  mboot  w  Urii 
■a  ia  praaticsl.  u  heavier  oipBcity  twiuhca  mre  luUe  to  b*  tao  bard  for  9* 
ordinuy  Bttenduit  to  operate  manually. 


Fio. «.    8.P..,8.T.,  2S0-Voll 
200-Anii>ara  Lever  Swilvh. 


FiQ.  50.     eOOO  Ampani,  8J>.  B.T. 


llBlcli  Break  flwItolM*.  —  The  quick  hreak  iwiteh  ig  cnutlally 
a  lever  siritch  provided  with  apriag-driveo  follower  blade  whiidi  idmuna  in 
the  dip*  aflw  tlie  maia  Uade  leavea  and  ia  opened  quickly  by  tqiaai  <d  ■ 


Fm.  si.     1000-Ampere  BOO- Volt  Quick  BiHk  Svitf* 


PLUG   TUBE   SWITCHES. 


bnkk  UiB  oirauit  giuekly  and  thertby  Immo 
I,  kbo  ts  hkva  the  loUowcr  lake  the  bunung 
A  lever  Hwitob  mmy  alao  be  opened  quiekJj 


=«lt3 


FlQ.  S2,     10.000-Valt  lO-Ampere  Plus  Tube  Bi 

plu  tube  iiritch  to 

— "-nee  ■«  Biao  iwea  lor  iraminrnng  i 

utmiBIU  dreuita  where  there  ia  no _^ . 

high  voltKge 


. ia  to  ruptun  the  drcuit  in  s  tube  wbi°h  ie  enciDged  at  one  i  I 

,, ,   therobr  oonfiiuHg   the   arc   and  limitinc    the  suopLy    of   air.     Plus  Vi 

■iritdici  are  alao  naad  for  trsniferring  Live  oiriniilB  and  lor  voltmeter  and  \ 


BynohitiniBiii  dreuita  wL 

Floa  tuba  iwitohe*  may  t>a  u 
"t  npadty  b  low.     They 


ivdv  oa    lO.OC 

,---.4  to  7.5  ami 

ipanyuiBdiagram. 


r 
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The  form  <rf  switoh  is  similar  to  the  low-voltace  lever  switch  exoept  Uiat 
it  is  mounted  on  insulators.  It  is  not  intendea  to  open  any  load,  with  s 
possible  exception  of  the  magnetising  current  of  a  traiisf<»mer,  ana  should 
not  be  used  for  such  purpose.  However,  it  should  be  tiiorougnly  i"w^***^ 
for  the  voltage  of  the  circuit  to  which  it  is  connected  and  should  be  oi^iable 
of  oarnring  we  maximum  current  of  the  circuit.  Disconnecting  switehsi 
for  hign  voltage  circuits,  such  as  60,000  volts,  are  designed  with  a  view  to 
rigidity  rather  than  eurrent-oarrying  caimcity  as  the  switch  beoooMs  very 
Urge  and  the  ouirent  correspondingly  small. 


Fig.  54.    Rear  Connected  300-Ampere  33,000-Volt  Disoonneoting  Switch. 


Fio.  55.     Front  Connected  300-Ampere  33,000^VoIt  Disconnecting  Switch. 
Disconnecting  switches  have  the  following  voltage  rating: 


Voltage 


6,600-16.000 

22.000 

33.000 

45,000 
.      68.000 


These  switches  are  made  single  pole  only  and  are  operated  by 
a  long  wooden  handle  provided  with  a  hook.  This  handle  acts  i 
tion  between  the  attendant  and  the  switch- 
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BwMchmm  for  Hlrli  r^immUmMm. 

TsrpM.  On  American  hi^  tension  tnuumurion  lines  there  are  four 
Ceneral  types  of  switehes  now  in  use: 

(1)  Switches  designed  to  break  the  drouit  in  the  open  air. 

(2  J  Switches  desi^pied  to  break  the  circuit  in  an  enclosed  air  space. 

(3)  Switdies  designed  to  bxeak  the  circuit  with  the  aid  of  an  enclosed 
metal  fuse. 

(4)  Switches  designed  to  break  the  eirouit  under  oil. 

Typo  No.  1.  The  large  amount  of  space  required  by  this  switch*  in  order 
to  be  certain  that  the  are  will  be  broken,  makes  its  use  limited  and  it  can 
be  used  only  with  aaieity  when,  the  line  potential  is  comparatively  low  for 
the  reason  that  a  circuit  containing  inductance  and  capacity  may  have 
very  hi|;b-voltage  oscUlataons  set  up  in  it  bjr  an  open  air  arc  unless  the 
current  is  broken  at  sero  value,  resulting  in  highly  increased  voltage. 

Type  No.  2.  This  switch  occupies  less  space  than  tsrpe  No.  1,  but  its 
effect  on  circuits  containing  inductance  and  capacity  is  very  little  different, 
so  that  there  will  be  the  same  oscillatory  rises  of  potential  on  opening  the 
circuit.  In  addition,  the  explosion  on  opening  heavy  currents  with  this 
switoli  is  at  times  so  heavy  as  to  endanger  not  only  the  switch  itself  but 
ail  delicate  instruments  in  the  immediate  neighborhood. 

Type  No.  3.  Two  forms  of  this  switch  have  been  more  or  less  used. 
In  the  first  form  the  fuse  is  connected  in  parallel^  and  in  the  second  in 
series  with  the  current-carrying  parts  of  the  switch.  The  first  form  is 
limited  to  low-voltage  circuits,  because  of  the  unreliability  of  the  enclosed 
fuse  on  comparatively  high  potentials  when  the  circuit  is  fed  from  large 
central  stations.  The  second  form  operates  through  the  severing  of  a 
metal  fuse  within  an  enclosing  tube  filled  with  powdered  carbonate  of 
lime  or  some  other  non-conductmg  powder.  The  end  of  the  fuse  is  drawn 
throui^  the  tube  by  the  moving  arm  of  the  switch  and  the  circuit  is  opened 
without  serious  commotion,  if  the  switch  has  been  well  desiftned  ana  care 
has  been  taken  to  property  fill  the  tube.  This  switch  wiH  open  safely 
almost  any  circuit  at  almost  any  potential,  but  like  the  open  air  switch  is 
limited  by  the  amount  of  space  rM}uired,  and  the  powder  set  flying  by  the 
explosion  of  the  arc  is  a  decided  objection  if  there  is  any  moving  machmery 
in  the  same  room. 

Tsrpe  No.  4.  This  type  of  switch  is  almost  universally  recognised  as  the 
only  switch  suitable  for  use  upon  high-tension  circuits. 

It  has  been  shown  by  numbers  of  experiments  that  the  opening  of  a 
eirouit  by  an  oil  switch  is  not  a  quick  break;  the  oscillograph  shows  that 
the  effect  of  the  oil  is  to  allow  the  arc  to  continue  for  several  periods  and 
then  to  break  the  current,  as  a  rule^  at  the  sero  point  of  the  wave.  The 
result  of  the  breaking  at  this  point  is  that  the  opening  of  any  circuit  with 
oil  switches  is  rarely  accompanied  b^  destructive  rises  of  potential.  An 
oil  switch  creates  less  fuss  in  the  oil  if  it  is  opened  slowly,  but  it  is  also  true 
that  an  oil  switch  for  40,000  or  50,000  volts  must  have  a  depth  of  oil  over 
the  terminals  of  at  least  four  or  five  inches.  If  less  depth  of  oil  is  used, 
the  oil  is  likely  to  be  thrown  out  of  the  oU  pots,  on  the  opening  of  the 
circuit,  idthough  the  arc  will  be  broken. 

On  the  asBumjption  that  the  oil  switch  is  to  be  used  for  hii^-tension 
work,  the  following  points  of  construction  will  bear  consideration  after  the 
particular  form  of  oil  switch  has  been  sheeted: 

(1)  Ratini^.  The  performance  of  the  switch  under  abnormal  conditions 
of  a  low  resistance  snort  circuit  should  be  considered  as  well  as  the  capac- 
ity of  the  switch  under  normal  operating  conditions. 

{2)  Oil.  Any  good  paraffins  oil  will  answer,  but  it  should  have  about 
the  following  characteriiBtics:  flashing  point  not  less  than  180°C.;  fire-test  not 
less  than  2O0rC.;  specific  gravity,  .865;  acid,  none;  alkali,  none;  evaporation, 
nedigible. 

(3)  Insulation.  The  insulator  and  insulating  bushings  should  be  either 
gmss  or  porcelain.  The  switch  should  stand  a  break-down  test  between 
the  live  parts  and  the  metal  case  and  frame  work  of  at  least  twice  the 
working  voltage  applied  for  one  minute.  The  external  terminals  should  be 
far  enough  apart,  or  sufficiently  well  insulated,  so  that  there  can  be  no  ppssi- 
biUty  of  the  ounent  striking  across  through  the  air  from  terminal  to  tenmn»l. 
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(4}  LooatiOD.    Oil  nwitcl 
be  placed  mt  e,  diitanee  fro! 

fire-proof  oell,  so  that  by  no 


g?' 


(5)  Hetbod  o 
eleotriiuUv  ci 


ir  uee  on  (droulta  of  &bov«  0000  ▼ottB  Wudd 

IS  Bwitahbouil  aod  kmy  tiom  the  seMiil- 

Eaob  pota  ahould  be  plaoed  {□  ■  npuiu 

:],  or  to  the  QeifthboriDC  muhlnery. 
Jl  n witches  should  be  either  nuicnetiall; 
central  switchboard,  and  all  th«  polei  uC  s 


the  Weil 


'&S 


Is  also  d^irable  to  equip  soeh  switoh,  sapeolaUy  if  it  ia  autoEoatid^  wilb  s 
time  element  MtBdiment.  to  that  the  eiriiuit  oaunot  be  opeoed  tor  at  ksi> 
%  seoood  aft«r  the  operatinff  msshanlsm  is  set  in  motioQ. 

FoUowtoi  ore  cuts  of  oiT  switches  for  different  purpoees  and  potenlisli 
VB  at  present  developed. 

Id  aelectinc  the  type  of  oil  swlt<di  tor  any  partiaular  installatioii  it  ■ 

-— '  *_^_.  j_. : —  .1.-  "[timate  capacity  of  the  inetallatiDB  soil 

applied  to  the  switch  (rom  all  soiinss- 

taken  to  select  the  tn>e  oi  switch  irtioee  ultimo 


the  Uitaf  power  which 


Pra.  M.    Type  C  Oil  Ciniult  Breaker,  Showhic  Oil  Tank  and  OcoIM^ 
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it  owtAia  ttAtkma  on  uoount  of  the  drop  in  the  lii 
jocfl  are  well  protected  by  havinc  ■deqv**'  mwitj^ 
«oiiig  feaden  tup^lyuiE   Ihie  station  Ir 


le,    Atao,  Kima 
ire  liutnlled  on 

poeeible  to  BUpply  ■nitclin  whiw 
L  ifl  leaa  than  the  ultimate  capacity 


irM(lark""M  'TTpe  C  <HI  CIrcalt  Brmdien.    <T1k*.  S«,no 
Thla  drmlt  bnaker  will  open  eiicuiti  cairyjng  the  haavicat  eiui*nte 

anoouaterad  in  modani  ptaoti«. 

It  ii  derisiMd  tor  opMation  on  otniulu  up  to  and  inaludins  3£.000  volte. 


Fio.  67.    Type  C  Qniuit  Bnoker,  Side  View, 
ill  carrr  the  nonoal  current  at  25  oyclea.  with  a  m.»itn..n.  Hh  not 

I  endoied  ia  a  Beparate  oompsrtment.    The  meohaniam  [■ 
>y  mewM  of  >  solenoid  and  opened  by  gravity. 
inala  an  brought  out  si  the  rear  of  the  breaker,  and  the  leads  may 
Hd  upward  or  downward  in  auitable  runwayi,  leavioa  no  hiiS- 
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a  (Inlrisai^  fnUt- 


I  Clr.  Bkr.  clotat,  rsd  Unp  !• 
ui  ana  gnen  i&mp  durk.  Wh«D  Clr.  Bkr.  U 
ap«nsd  ^hand  Ihe  grMn  Ump  '^^l^^^ 

S-it  olSf  the  Maenuiil  white  Hunw  »»  Ut  ud  tli* 

KSJ  ndUmpTl  durk,    wfaeu  contioUtr  likDdle  U 

rslaed  IS  ■  horttonul  poaltlan  all  lamp*  an 

dark,  Indlaatlng  Uiat  awltcb  Is  ont  of  acrrlea. 

Fia.68. 


fTT  -" 


Sia.  em.     Diacram  ot  Oouoeotioiu.    3-Polc  ElMtrieaU;  Operated  Typa 
Oil  Cirsuit  Bnalnr. 
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r^ 


w 


Pia.  00.     Dlscnm  ol  CoddsuUotw.     a-PoIe  SleetrlokUy  OperuUd  Noo- 
AutornHtic.  C  Oil  Onuil  Breakw. 

TTTTTtlTW^-n-r  Trv*  B  Oil  Clnralt  Bn«k«ir  ter  P^eaMal 
3000  t*  Sfl.OOO  T*Ita. 

Hm  type  B  droiit  bcttikAn  ue  trude  in  the  electrioaily  openlad  fonn  for 
polentiali  of  3M)0  to  11,000  volU,  Hud  in  capuritlsa  up  to  (00  unpare*. 

A  wnple  vitwa  of  toailM  ud  leven  !■  mounled  on  tlie  top  of  tlis 
bnaka,  tsd  >  potrBifiil  clMtramkCiMt  ia  *iniic»d  wilh  ili  movabk  core 


Pio.  SI.    Huid-Opcntad.  Aul 
Bmker  Mounted  ~  "- 


attachad  to  th*  laver  ■yitam.  h  that  whan  It  ia  dmwn  inn  the  ooii,  tba 
dreidt  bmker  will  be  doaed.  A  trippiPc-coQ  ia  alia  mouutad  vith  tbe 
opsiallnc  maehanlaaL.  A  mall  rinale-pole,  double-lbniw  iwiteta  is  mounMd 
on  lite  bnslcBT.  and  ia  opanted  hx  Uu  motion  of  tbe  leven  in  opanlua  and 
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dooinc  the  eirouit;  it  oontrols  the  tell-tale  indicator  and  lamp  irfiieh  ar» 
mounted  in  view  of  the  operator.  TheM  oirouit  breakers  are  operated  by 
125.  250  or  500-volt  direct  current,  and  are  calibrated  for  25  cyolee. 

xhe  electrically  operated  type  E  oil  drouit  breakers  are  made  both  non- 
automatic  and  automatic,  the  latter  beinc  operated  by  means  of  OTerload 
relavs. 

The  breaker  is  made  in  sinsle-pole  units,  each  beinc  mounted  in  a  biiek 
or  concrete  compartment.  Two,  three  and  four-pole  combinations  are 
made  by  placing  these  units  side  by  side.  The  tanks  are  of  a  design  similar 
to  those  of  the  type  C  drcuit  breakers. 

Oil  ftwitcli  (iU'McMar— .  —  The  structural  work  for  tsrpes  C  or  E  oil 
switches  may  be  brick  or  concrete. 

When  the  structure  is  of  brick,  it  is  neoeasary  that  the  anchor  bolts  peas 


Fio.  62.     Diagram  of  Connections.    3-PoIe  Electrically  Operated  Type  B 

Oil  Girouit  Breaker. 


outside  of  the  brickworic.    When  the  switch  has  a  concrete  base,  hoi 

the  bolts  are  usually  anchored  in  the  concrete.  The  onb^  soapstone  sup- 
plied with  the  type  C  oil  circuit  breakers  is  the  top  slab,  toe  blocks  to  hoM 
the  terminal  insulators  in  the  rear,  and  the  soapstone  banien  beti 
these  terminals. 


W^eatlarlioaMe  V 


JM  «A  Slfictrlcally  Opemted  Oil 
Clrcvlt  Brrakor. 


Westinghouse  type  GA  oil  circuit  breakers  are  designed  for  use  on  dreoits 
carrying  large  amounts  of  power. 

Th«  dIstlMCtlTe  featares  of  the  type  GA  drouit  breakers  are:  Libeial 
insulation  and  breaking  distances;  open  podtion  msintained  by  gravity;  sU 
metal  tanks  and  tank  tops;  accesdbility  of  parts;  long  break  in  dean  oil; 
low  first  cost. 

OoBntnictiaa.  —  Tjrpe  GA  circuit  breakets  consist  of  one  or  more  poles 
self-contained  in  heavy  steel  oil  tanks  with  treated  linings  and  provided  with 
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ad.     Euh  pol«  u  •ntinly  nputM  ud  diitinat  fron  Uia  other*,  Iht 

>g  rod  btinc  ttM  only  ootiDaottDD  bttwMn  Utam. 


, — „  — , ,.  — Typfl  GA  ci™ 

mmui  to  oury  iOO  ampam  per  pole  Ticb  ■  miiiiniuni 
a?C.     They  eu  be  buOt  with  e  luger  cumml-carryins 

TalUuTM.  —  Th«w  dreuit  btwlien  ue  built  lor  uas 
M.OOO.  BB^DOOutd  110.000  toIU. 

■■WMlilBr  CapacllT.  —  Type  GA  circuic-bresker 


y  ihort  elrault  Aich  a 


:  11.000  votU; 
.  SS.DOOvolU; 
:    8B,000  voile; 


incUbK 


br*AklM(r  dUtaBcse,  or  diMuoaa  batmen  dobUm 

raalur  !•  opaD.  Hfe  llirae  and  there  an  two  brealu  on  eu! 

■  of  differeDt  apuliy  cirsuit  bteaken  ue  (ivea  1 
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Breaktag-  IM««aaoeB« 


Axnpw. 

Voltaoa. 

Minimum  Dis- 

tanoe  of  Terminal 

to  Case  or 

Ground. 

BraakincDu- 

tanoe  per  Break, 

loohee. 

BnakiagDb- 

taooe  per  Pole, 

Inohaa. 

800 
800 
800 
800 

44,000 

66,000 

88,000 

110,000 

10 
22 
80 
82 

11.5 
16.5 
20 
28.6 

28 
88 

40 
47 

—•Open 


Fxa.  64.     Weatincbouae  High-PotenUal  Fuse-Type  Cirauit  BrBaker 
Poeitioa  for  Potentiale  not  Ezoeeding  66,000  Volta. 

Hlfrli-P«t«a«lAl  Fiia«d  Circuit  Breaker,  IVeatlBirli^aae. — 

This  fuae-type  oirouit  breaker  ooneiste  of  a  long  hardwood  pole  on  whkh  is 
mounted  a  movable  arm  oooeieting  of  a  reinforoed  fuse  tube.  At  the  bottom  of 
the  fuse  tube  is  a  brass  expulsion  chamber  whioh  is  connected  to  the  lower  ter- 
minal of  the  breaker  by  a  flexible  copper  shunt.  Attached  to  the  top  of  the 
pole  and  fonning  the  upper  oircuit-brcAker  terminal  there  is  a  brass  oracket, 
with  a  groove  along  its  top,  which  supports  the  fuse,  and  a  wing  nut  to  h<^  the 
end  of  the  fuse  when  the  breaker  is  closed.  The  fuse  passes  from  the  wing  nut 
over  the  bracket  and  down  through  the  fuse  tube  to  the  expulsion  duunberwfaen 
it  is  attached  to  the  screw-plug  terminal  shown  in  the  end  of  the  expulsion 
chamber.  The  pole  of  the  circtiit  breaker  is  provided  with  spring  jawa  or  dips 
so  that  it  may  be  quickly  and  eaaly  attached  to  or  detacned  from  the  line 
terminals  at  the  base. 

A4l«urtM«i>t.  —  First:  Remove  the  mechanism  from  its  base,  taking  bold 
of  the  long  pole. 

Second:  Remove  the  screw-plug  terminal  from  the  lower  end  of  ^e  expulsion 
chamber  and  attach  the  fuse  to  the  terminal. 

Third:  After  passing  the  fuse  through  the  fuse  tube  replace  the  screw  plug 
and  attach  Uie  other  end  of  the  fuse  to  the  wing  nut  on  the  bradcet  at  the  upper 
end  of  the  long  pole,  passing  a  turn  or  two  around  the  lug,  at  the  same  tmie 
drawing  the  moving  arm  into  its  proper  position  against  the  end  of  the  bra^nt. 

Fourui:  Replace  the  mechanism  on  the  base  and  the  breaker  b  ready  for  use. 

Openatloa.  —  When  the  load  on  the  line  exceeds  the  capaeitv  of  Uie  fuse 
the  latter  blows  and  the  arm  of  the  breaker  swings  by  its  own  wd|{nt  away  from 
the  upper  line  terminally  thus  giving  a  positive  indication  that  the  ruse  has  d1o<wii. 
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•II  ClrcBM-Bvsalter  Caatroller.  —  Thia  oontroDIng  awltoh  1« 
ol  ths  drum  typs  witb  ■  hiacnd  bsndl*,  whioh.  whoi  thnnrn  to  Um  opaa 
podtlatL  umy  M  looked  by  swingini  tlie  tundle  outnrd  B0\  Uut  It  ig  iu 
Due  with  tbe  drum  shaft.  It  cBDDOt  be  locked  in  the  doaed  pantion. 
Whan  the  bundle  ig  niwd  m  dmtribed  it  indioates  to  the  openMr  that  the 

from  the  Kmcmller  and  thua  aitiDaubhai  tbe  bunpa.  Tba  iwitch  ia 
Attuned  for  awitohboud  mountinc  toe  dial  and  haodn  belDc  on  the  fnoa 
of  the  panel.  It  may  abo  ba  provided  with  an  Indioator  to  abow  (ha 
lait  opvation  pari ocinad. 


FiQ.  6fi.    OootroUinc  Switch,  Cotst  Bomoved. 


Oil  ClTCBlt  Brsaker.— Tba  IndlCBH 

lUsUy  at  a  hollow  tube  with  a  lam;i  aocket  mouatad  on 

poroalain  baaa  in  one  end,  hald  in  position  by  suiubla  obpe.  The  aoolu 
aan  be  eaaily  nmoved  and  is  intended  to  hold  a  5  c^p.  0BiidIe.flhaped  iii 
oandeeaent  Lamp  wbieb  tnUadm  into  the  tube.  Suitabla  holea  are  pre 
Tided  for  vaattlation. 

A  eolorsi  leoa  ia  sKiurad  to  the  tnint  end  of  the  tube,     A  ipeiiial  faatiir 
a(  tbe  lena  il  a  V^haped  pntieetion  whioh  aitaoda  aoroaa  its  fac^  Bni 
"-  -  --— Ma  the  li^t  from  anv  anile  witWn  an  are  of  180^.  ^ 


this  pUca  whara  iha  operi 


chbaaid  i>  hioatad. 


the  operator 

CaatNl „ .- - 

rieetrioUly  operKtad  eircuit 

Buitable  manner,  to  th-  -' 

71m  amall  nie  ot  the 

number  to  be  crouped  m  i 

Boeeasibla  to  tna  operator. 

Tbe  aliea  oi  oiniduoton  uiually  required  where  lacctbs  do  not  eieeed 
SOO  feet,  tie  aa  followa:  _ 

For  serlce  Inafonner  oireultg,  awb  lead  equivalent  to  Mo.  7  B.  A  S. 
cotiduotor. 

For  voltaca  tianrformer  otrauiU,  aaeh  laad  equivalent  to  No.  10  or  12 
No.  B.  A  S.  eonduator. 

For  atatio  fioimd  detaoton.  each  lead  equivalaut  to  No.  10  B.  1  8.  odd- 

For  on  dnndt  bnakw.  t  oknns  noil  lead  egaivBlCDt  to  No.  7  aooduoto^ 
B.  A  8.;  1  trippiu  eoU  laad  equivalent  (o  No.  12  oonduetor,  B.  4  8.;  i 
indiealor  lead*  equtraiait  to  No.  12  oooduator,  B.  4  B. 
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Fia.  OS.     13.000-VoU,  900-AniiMnT.  P.  UotorOpenMilOU 


SWITCH  BO  ASD8. 


J 


0  Ampwa,  2S00  Volla  TIB.f.  Oil  Bwitih. 


LIGHTNING  ARBESTBRS. 

Revisbd  bt  Townbbnd  Woloott. 

(From  Bulletins  of  W.  E.  A  M.  Co.  and  Q.  E.  Co.) 

Elbctbigal  apparatus  may  reeeiva  injuries  of  tivo  sorts  from  fishtainc 
namely,  ^unds  and  short  circuits.  (1)  A  ground  or  connection  net  ween 
the  oircmt  and  the  earth  is  caused  by  the  potential  of  the  insulated  portions 
of  the  apparatus  riaing  abnormally  above  that  of  the  earth  and  thereby 
rupturing  the  insulation.  But  as  any  properly  designed  piece  of  i^pazmtui 
has  sufficient  insulation  strength  to  withstand  a  potential  connaerably 
hii^er  than  that  normally  impressed  upon  it,  a  fi^htning  dischargo  to 
produce  a  ground  must  cause  a  very  considerable  rise  in  the  potentisJ  of  the 
circuit.  (2)  Short  circuits  are  caused  by  the  abruptness  of  the  static 
disturbances  produced  by  lightning.  The  abruptness  of  the  static  wave 
which  is  the  form  of  disturbance  produced  in  the  line  by  the  lightning  die- 
ohaige,  may  strike  a  coil  a  blow,  so  to  speak,  that  under  some  drcumstanees 
causes  a  short  circuit.  Electric  apparatus  requires,  therefore,  lightning 
protection  of  two  sorts.  First,  protection  against  grounds;  second,  *g*»»*"* 
short  circuits.  Protection  from  grounds  is  secured  by  means  of  ughtning 
arresters;  protection  against  short  circuits,  by  choke  coils  or  static  inter- 
rupters. In  very  high  tension  circuits  all  sudden  changes  of  static  potential, 
such  as  may  be  produced  by  switching,  accidental  grounds,  or  short  circuits, 
cause  the  same  abrupt  static  disturbances  as  lightning. 

Tbe  FuBctloB  of  m  Iilrbtnla^r  Arrester.  — The  proper  function 
of  a  lightning  arrester  is  to  prevent,  in  an  insulated  circuit,  an  abnormal  rise 
of  potential  above  the  earth.  This  result  it  best  attuned  by  placing  one  or 
more  carefully  adjusted  air  gaps  between  the  insulated  oircmt,  commonly 
called  the  "line,'*  and  the  earth  connection,  or  "ground."  EzcqH  during 
times  of  discharge,  these  gaps  resist  any  now  or  current  arisin|C  ^m  the 
normal  voltage  of  the  line;  but,  whenever  the  line  potential  nses  abnor^ 
mally*  they  break  down,  allowing  a  free  discharge  of  electricity.  By  care- 
ful sdjustment  of  the  gu)s,  an  arrester  can  be  made  to  discharge  whoi  the 
voltage  of  the  line  has  risen  to  any  predetermined  value. 

On  account  of  the  extreme  suddenness  of  the  surges  caused  in  the  line 
by  lightning  discharges  and  other  static  disturbances,  the  gaps  and  ground 
connection  must  be  able  to  dtscharge  electricity  very  freely  or  a  dangerous 
rise  of  potential  of  the  line  will  not  be  prevented  —  in  other  words,  the  Ught- 
ning arrester  as  a  whole  must  be  able  to  discha^  electricity  faster  than 
it  appears  on  the  line. 

It  IS  found  that  there  is  a  very  strong  tendency,  especially  with  generators 
of  large  output  and  high  voltage,  for  an  arc  to  form  in  the  tam  wheo  once 
their  resistance  is  broken  down  by  a  lightning  dischacge.  This  are,  which 
can  occur  only  whoi  one  lin6  is  grounded,  or  when  two  legs  of  the  same 
circuit  disehaige  at  once,  is  maintained  by  the  generators,  and  if  not  pre- 
vented or  extingtushed  will  cause  a  shut-down  of  the  plant.  Gonseqaeotly 
the  lightning  arrester,  in  addition  to  preventing  an  abnormal  rise  of  line 
potential,  must  also  suppress  any  are  iriiioh  tends  to  form  in  the 
gaps. 


On  high  potential  circuits  of  considerable  capacity,  an  arc  produced  by 
switching,  circuit  breakers,  fuses,  or  short  circuits,  causes  an  elecRtricu 
oscillation  of  extremely  high  value.  Voltages  of  double  normal  potential 
are  often  produced  when  connecting  a  circuit  of  considerable  capacity  to 
the  generating  system  at  no  load.  These  high  potentials  subject  the  rapa^ 
ratus  momentanty  to  enormous  strains,  and  it  is  well  to  have  some  low 
breakdown  path  m  which  the  dynamic  arc  will  be  immediately  mptmned, 
so  that  these  high  potentials  will  equalise  themselves  ftom  line  to  Bne  with- 
out damage  to  the  apparatus. 

960 
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In  laying  out  otreoits,  it  ia  frequently  neoeesary  and  desirable  to  dip 
underground  wlien  passing  through  cities,  or  under  rivers,  eie.,  and  in  these 
cases  some  form  of  metal  covered  cable  is  generally  used.  It  has  been 
noticed  from  numerous  installations  that  high  potentials  invariably  occur 
where  these  underground  cables  are  used,  due  to  resonance  effects,  and 
these  high  potentials  are  often  of  sufficient  value  to  break  down  the  cables 
themselves,  or  the  insulation  of  apparatus  installed  on  the  lines.  The 
strains  very  often  produce  pinhole  punctures  in  the  insulation  of  under- 
ground ciJ^les  and  thus  relieve  themselves  temporarily!  tney  may  there- 
fore remain  unnoticed  for  a  number  of  months  until  the  msulation  becomes 
TOTy  much  impaired,  ultimately  resulting  in  a  complete  breakdown. 

Whenever  fines  contain  both  inductance  and  capacity  in  noticeable 
quantities,  huh  voltages,  which  endanger  the  insulation  of  the  whole 
system  and  which  it  is  Impossible  to  detect  on  ordinary  switchboard  instru- 
ments, may  exist.  We  therefore  frequently  find  such  abnormal  voltages 
in  circuits  containin^E  a  combination  of  underground  and  overhead  cir- 
cuita,  and  in  long-distance  transmission  lines. 

Bagi>i«  •■^  Water  IVlieel  C(«veni«r  VronM«a« 


A  great  many  cases  have  been  noted  where  engines  and  water  wheels 
have  raced,  caused  by  the  governors  becoming  inoperative,  and  high  poten- 
tials  have  resulted,  which  have  caused  serious  breakdowns  in  insulation. 
This  has  generaJly  occurred  when  a  considerable  load  has  been  switched  off 
from  a  circuit. 


IMll<ei«»oe  la   ]Sl«Tati«a  ]i«tweea  IMITeraat  Parttana  •! 

th9  Circalta. 

Particular  mention  was  made  at  the  recent  meeting  of  the  A.  I.  E.  E.  at 
Niagara  Falls,  of  the  abnormal  high  j»tential  stratus  which  have  been 
noted  on  long  transmission  lines  runmng  throush  mountainous  countries 
where  considerable  differences  of  elevation  occur  between  different  portions 
of  the  drouita.  These  differences  in  potentials  are,  without  a  doubt,  due 
to  difference  in  magnitude  of  the  atmospheric  electrical  potential  at  differ- 
ent altitudes,  and  m  some  cases  the  condenser  effects  of  the  line  produce 
potentials  considerably  in  excess  of  the  line  voltages. 

A.  C.  Ctrcatta. 

In  planning  proteotioB  against  the  disturbances  previousLK  mentioned, 
it  is  neocMary  to  provide  discharge  paths  from  line  to  line  of  the  differant 
phases,  and  dischaige  paths  from  lines  to  ground  with  suitable  ground 
oonnectione,  except  when  the  circuits  are  entirely  underground,  when  the 
ground  connections  may  be  omitted. 

In  view  of  the  fact  that  it  is  necessary  to  take  care  of  considerable  quan- 
tities of  current  from  Hne  to  earth  when  lightning  discharges  take  place,  it 
is  advisable  to  have  an  arrester  of  as  large  current  carrying  capacity  as 
posrible,  and  with  this  in  view,  it  is  often  advisable  to  install  a  number  of 
arresters  in  multiple  where  the  conditions  are  particularly  severe. 

Potentials  between  Knes,  which  are  more  of  a  static  nature,  can  gen- 
erally be  equalised  with  small  flow  of  current. 

In  disofaaiginjg  a  line  to  ground,  the  simplest  form  of  disduuger  would  be 
one  dngle  gap^  or  a  series  of  small  gaps  with  a  breakdown  point  just  above 
the  voltage  of  the  circuit.  Although  it  has  been  found  that  a  single  gap 
will  discharge  a  line  effectively,  the  single  gap.  of  course,  will  not  rupture 
the  dynamic  arc  when  it  is  once  startea  by  a  nigh  potential  discharge. 

With  a  sufficient  number  of  short  gaps,  it  mw  oeen  found  that  under 
certain  conditions,  the  dynamic  current  is  ruptured  by  cooling  the  arc  down 
between  the  numwous  conductors;  also  due  to  the  met  that  m  some  of  the 
gaps  the  vahae  of  the  alternating  wave  is  sero,  and,  therefore,  after  a  high 
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potoDtial  diBchMse  has  iwased,  th«  dynamio  arc  does  not  aiart  again.  Tliit 
arrangement  of  a  large  number  of  small  ga^m  in  series  is,  howeverp  out  of 
tbs  question  as  far  as  practical  use  is  oonoemed,  as  enormously  higjh  break- 
down Toltage  is  necessary  to  oyeroome  the  gaps,  resulting  in  unurious 
strains  on  the  insulation  of  the  apparatus.  Under  certain  conditions  of 
inductanoe,  capacity,  etc,  a  discharger  of  this  construction  will  not  inter- 
rupt the  dynamic  arc 

Having  selected  a  length  of  spark  np  as  a  standard,  the  point  above 
the  Une  voltage  at  which  it  is  decided  that  the  arrester  shall  discharge 
shoukl  be  decided  upon.  A  definite  number  of  these  standard  gaps  will  be 
necessary  to  prevent  the  arrester  from  discharging  below  this  point,  and 
this  numbor  of  gaps  will  interrupt  the  d^rnamic  arc,  provided  tne  current 
is  limited  to  a  proper  value  With  this  m  view,  it  is  necessary  to  place  a 
determinate  resistance  in  series  with  the  gnps,  in  order  to  limit  the  current 
to  this  point. 

High  potentials  between  lines  or  phases  occur  much  more  frequentiv  than 
is  the  case  with  lightning,  and  it  is  adviflable  to  increase  the  non-inauctive 
resistance  in  series  with  the  j^aps  to  .a  considerable  extent,  as  this  renders 
the  possibility  of  short  circuits  less  liable  and,  as  stated  above,  these  high 
potentials  between  phases  can  be  equalized  through  high  resistances  as  well 
as  through  low  resistances.  A  further  reason  for  placing  a  considerable 
amount  of  resistance  in  series  with  the  g^M  when  placed  between  Unes  is  that 
in  case  of  discharge  from  phase  to  phase,  if  the  resistances  are  low,  the 
circuit  breakers  or  other  automatic  devices  on  the  line  open,  oMisinp  a 
temporary  shut-down,  and  this,  of  course,  is  inadvisable  as  well  as  annoyug. 

Vac  •f  MeactiTe  C«iU. 

Although  considerable  doubt  has  existed  as  to  the  advisability  of  in- 
stalling reactive  coils  in  connection  with  lightning  discharges,  it  is  believed 
by  many  prominent  engineers  that  reactive  coils  are  of  considerable  value, 
in  connection  with  the  proper  protection  of  apparatus. 

Without  a  doubt,  the  frequency  of  lightning  disturbances  varies  greatly 
in  differoit  cases,  although,  as  a  whole,  it  is  probably  high.  Inasmuch 
as  the  action  of  the  reactive  coils  is  not  dependent  on  the  voltage  or  fre- 

auency  of  the  line,  it  is  inadvisable  to  design  a  large  number  of  coils  having 
ifferent  reactances,  and  it  is  evident  that  a  coil  can  be  designed  with  ample 
current  carrsring  capacity,  which  may  be  used  on  a  number  of  voltages, 

firovided  it  has  sufficient  insulation  for  the  highest  voltage  determined  upon, 
n  this  connection,  air  insulation  is  to  be  inferred  between  turns  and  layers, 
as  other  forms,  due  to  minute  discharges,  gradually  deteriorate  and  dumge, 
becoming  partial  conductors. 

Use  of  a  Protective  Wire. 


Protective  wires  have  been  used  in  a  great  many  eases  by  different  traaa- 
miflsion  companies  with  varying  success,  although  the  erpaieacm  gained, 
as  a  whole,  has  been  in  fitvor  of  this  form  of  protection.  A  neat  many  of  the 
troubles  encotmtered  through  the  use  of  this  wire  have  oeen  due  to  the 
selection  of  improper  materwls  in  making  the  insulation.  Barbed  wire  has 
been  used  in  agreat  many  cases,  and  the  commercial  barbed  wire  purchased 
in  the  open  market  is  of  very  poor  quality  and  has  a  tendency  to  bold  water 
in  the  joints  and  interstices. 

In  one  place,  in  particular,  different  forms  of  protective  wire  haw  been 
used,  placed  in  various  positions  with  regard  to  the  circuit  wires,  and  it 
has  been  found  that  plain  iron  wire  installed  directly  below  the  traasnission 
wires,  furnishes  practically  as  good  protection  as  barbed  wii^  installed  over 
the  transmission. 

As  a  matter  of  fact,  there  are  few  reasons  why  this  should  not  be  the  eaae^ 
provided  the  iron  wire  is  properly  grounded  at  every  third  or  fourth  pole^ 
as  the  disturbances  which  this  form  of  protection  is  supposed  to  take  care 
of  are  generally  at  considerable  distances  from  the  transmission  wires. 

While  this  form  of  protection  may  help  out  in  the  case  of  a  direct  stroke 
of  lightninc,  it  is  not  to  be  presumed  that  it  will  prove  entirely  efficient  under 
this  condition  of  affairs. 
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While  the  eonMrienoe  of  the  mbove  mentioned  plant  has  been  that  a  wire 
placed  below  the  trannmasion  is  as  satlBfaciory  ae  if  placed  in  any  other 
position,  it  is  as  well  to  string  it  above  the  transmission  lines  at  an  anirle  of 
approximately  45^  to  the  outside  transmission  wires,  as  this  locality  will  aid 
in  taking  care  of  direct  strokes  of  lightning. 

With  the  improved  lightning  protective  devices  on  the  market,  the 
grounded  protective  wire  need  only  be  resorted  to  where  the  most  severe 
conditions  exist,  and  then  it  should  be  put  up  in  the  most  thorough  manner 
with  regard  to  the  sise  and  quality  of  the  matwial  used  and  with  regard  to 
grounds. 


In  the  installation  of  lightning  arresters  it  is  very  undesirable  to  endeavor 
to  effect  a  saving  by  cutting  down  the  expenses  connected  with  m^lring 
proper  ground  connections,  as  fully  75%  of  lightning  arrester  troubles  can 
be  traced  directly  to  this  source. 

The  connections  from  the  line  to  the  arrester  and  from  the  arrester  to  the 
ground  should  be  as  free  from  angles  and  bends  as  possible,  and  where  turns 
are  absolutely  necessary,  the  wire  should  never  be  Sent  at  an  angle,  but  in  a 
curve  of  long  radius.  Care  should  be  taken  that  no  inductive  loops  are 
formed  by  the  complete  arrester  and  its  connections. 

When  the  use  of  an  iron  pipe  at  the  foot  of  a  pole  is  considered  advisable 
for  the  protection  of  the  ground  wire,  a  plug  should  be  put  in  the  top  of 
the  iron  pipe  and  the  wire  soldered  to  it;  otherwise  the  reactance  of  the 
ground  wire  surrounded  by  the  iron  pipe  will  impede  the  discharge. 

Copper  sheets  should  be  used  for  the  ground,  thick  enough  to  prevent 
wastmg  away  and  having  at  least  4  square  feet  surface.  The  ground  wire, 
which  should  not  be  less  than  |  inch  diameter  in  cross  section,  and  prefer- 
ably in  flexible  strip  form,  must  be  carefully  soldered  and  riveted  to  this 
plate,  the  joint  covered  with  asphaltum,  and  the  plate  then  buried  in 
powdered  coke  in  soil  which  is  always  damp. 

Dry,  sandy  soil  shouki  be  kept  wet  by  artificial  means  if  this  is  the  only 
soil  available  for  the  ground  connection,  and  it  is  advisable  to  dig  several 
trenches  radiating  out  50  feet  from  the  main  ground  wire,  in  which  sround 
wires  are  buried,  so  as  to  get  a  large  surface  tor  the  dissipation  of  tne  dis- 
charges. Where  plates  are  buried  in  streams  of  running  water  or  dead 
water,  they  should  be  buried  in  the  mud  along  the  bank  in  prefM-enoe  to 
merdy  layixw  them  in  the  streams,  and  streams  with  rockv  bottoms  are 
to  be  avoidea  unless  as  a  last  resort.  Where  thwe  are  metal  flumes,  pipes  or 
rails,  it  is  advisable  to  rivet  and  solder  the  ground  wires  to  them  in  addition 
to  the  connections  to  the  copper  plates,  and  when  rails  are  utilised  they  should 
be  thoroughly  grounded. 


Practically  all  plants  with  outdoor  circuits  require  lightning  protectfen. 
With  reference  to  the  type  of  lightning  protection  reqmred,  efectrio  plants 
may  be  divided  into  two  general  classes  —  those  plsAts  in  which  the  ap- 
paratus is  widely  distributed,  and  thoae  in  which  the  i4>paratus  is  concen- 
trated at  a  comparatively  few  points. 

.PlttBta  Havla^r  Apparatua  IMatribnted.  —  To  obtain  abso- 
lute protection,  arresters  must  be  placed  at  all  points  where  apparatus  is 
kicated,  but  experience  has  shown  tnat  in  certain  cases  such  a  la^e  number 
of  arresters  is  unnecessary. 

In  circuits  not  exceeding  2500  volts,  it  will  usually  be  sufficient  to  place 
arresters  at  various  intervals  where  good  grounds  are  available.  These 
aneeters  should  be  so  placed  as  to  leave  no  considerable  length  of  circuit 
(electrically  speaking)  unprotected,  and  shouki  be  more  numerous  in  neigh- 
borhoods where  the  circuits  are  exposed.  These  are  more  Ukely  to  be  the 
oatfying  districts  where  the  lines  are  not  protected  by  buildings  and  trees. 
The  exact  number  to  be  used  in  any  given  case  depends  upon  circumstances. 
Under  average  conditions  satisfactory  protection  will  be  secured  if  no  point 
of  the  circuit  be  more  than  1000  feet  from  an  arrester. 

For  voltages  exceeding  2500  volts,  arresters  should  be  placed  sjb  nearly  as 
possible  at  or  near  apparatus  on  exposed  Unes.  However,  circuits  of  this 
type  with  voltages  exceeding  2500  aro  rare. 
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blasts     Havlnfr     Appamtiu    Co»centn»t«d    at    a    ] 

Polatn.  —  In  plants  of  this  class,  which  comprise  practically  all  hich  ten- 
sion work,  one  arrester  should  be  used  for  each  hne  wire,  at  or  near  each  point 
at  which  apparatus  is  connected  to  the  circuit. 

In  all  cases  of  circuits  with  ungrounded  neutrals,  arresters  rated  at  the 
voltaf^es  between  line  wires  should  be  chosen;  that  is,  for  the  maximum 
workuff  voltafi^  and  not  for  the  voltage  between  line  and  ground.  Thk 
method  insures'  that  the  arrester  will  be  non-ardng  when  one  leg  of  the  cir- 
cuit is  accidentally  grounded. 

If  the  circuit  has  a  Grounded  Neutral,  arresters,  to  secure  ample  mazidn 
for  i>roteotion.  should  be  chosen  for  a  voltage  20  per  cent  greater  than  the 
maximum  voltage  between  line  and  ground.  For  example,  for  a  circuit 
with  grounded  neutral  having  16,500  volts  between  line  and  ground  («>- 
proximately  28,000  volts  between  lines)  arresters  for  20,000  volts  shouki  be 
chosen.  If.  however,  the  transformers  are  connected  in  star  in  both  high 
tension  and  low  tension  windings,  arresters  should  be  chosen  as  though 
the  neutral  were  not  grounded. 

The  arrester  should  always  be  placed  on  the  line  side  of  all  apparatua. 
The  arrester  (if  of  low  equivalent  alternating  current  type)  is  chosen  solely 
with  reference  to  the  voUage  of  the  line  upon  which  it  is  placed,  and  is  inde* 
pendent  of  current. 

JInMilatiQa.  —A  lightning;  arrester  is  naturally  exposed  to  aeverepotential 
strains,  and  therefore  all  active  parts  must  be  well  insulated,  lb  obtain 
sufficient  insulation  on  circuits  exceeding  6000  volts,  the  panels  shouki  be 
mounted  on  shellacked  wooden  supports,  well  seasoned  ana  very  dry.  On 
arresters  exceeding  12,500  volts,  the  panels  ^ould  receive  additional 
insulation  in  the  form  of  porcelain  or  glass  insiilators.  It  should  be  assumwl 
in  installing  an  arrester  that  all  parts  of  the  resistance  except  the  nound 
terminal  of  the  series  resistance  may  be  momentarily  at  line  potential  duruig 
the  discharge.  Two  high  tenuon  arresters  attached  to  different  line  wires 
should  not  be  placed  side  by  side  without  either  a  barrier  or  a  considerable 
insulation  space  between  them.  The  resistance,  which  during  the  dis- 
charge may  reach  full  line  i>otential,  must  be  soaced  or  insulated  (except  the 
ground  end  of  the  series  resistance)  as  well  as  tne  line. 

Inapectiaa. — As  the  effectiveness  of  the  arrester  is  of  great  importance 
it  should  be  inspected  from  time  to  time  and  the  resistances  and  earth 
connection  tested  for  open  circuit. 

Cboke  collii  should  be  so  mounted  as  to  have  free  access  of  air  for  cooling 
purposes,  and  should  be  so  spaced  from  one  another  and  removed  from  other 
objects  that  sufficient  insulation  space  will  be  obtained  for  the  most  severe 
conditions,  viz,:  during  lightning  dischargea. 

iiiAHomif «  AiuKSxsns  Fom  djoubct  cvRniBirr. 

A  non-ardog  D.  C.  arrester  has  been  devised  by  Mr.  A.  J.  Wurts  based 
upon  the  following  facts:  — 

FirtL  A  discharge  will  pass  over  a  non-conducting  surface,  such  as  glass 
or  wood,  more  rMtdily  than  through  an  equal  air-gap. 

Second.  The  discharge  will  take  place  still  more  readily  if  a  pencil  or 
carbon  mark  be  drawn  over  the  non-conducting  surface. 

Third,  In  order  to  maintain  a  dynamo  arc,  timies  or  vapors  of  the  elec- 
trodes must  be  present;  consequently,  if  means  are  provided  to  prevent  the 
formation  of  these  vapors  there  will  be  no  arc. 

Thm  Type  '<  K ''  Arreat«r.  —  The  illustration.  Fig.  1,  shows  the 
type  "K^'  arrester  for  station  use  on  D.  G.  circuits  up  to  7(X)  volts.  The 
instnunent  is  single  pole,  and  consists  of  two  metal  electrodes  mounted 
upon  a  lignum-vitsB  block,  flush  with  its  surface.  Gharred  or  carbonised 
grooves  provide  a  ready  path  for  the  discharge.  A  second  Ugnum-vita 
block  fits  closely  upon  the  first  block,  completely  covering  the  grooves  and 
electrodes.  Disruptive  discharges  will  pass  readily  between  the  electrodes 
over  the  charred  grooves,  which  act  simply  as  an  electrical  crack  through 
the  air,  providing  an  easy  path. 

The  resistance  between  the  electrodes  is  more  than  50,000  ohms,  so  that 
there  is,  of  course,  no  current  leakage,  but  it  should  not  be  understood  that 
the  lightning  discharge  passes  through  this  high  resistanoe  -•  it  leaps  over 


arrest]i:b»  fob  direct  current.  0S5 


e 

"1 

O 

^ 

o 

e 

9 

• 

•„ 

. 

s 

_» 

s 

i 

y 

I 

s 

iheaurfaoe  of  the  oturred  ffnwTca  {toeq  oae  electrode 


klUtbere ,„ 

croovea  sbaply  makee  th*  path  eesier 
There  beinc  a ' '--'■ 


KLIy 


oF  the  cbuTed 

tlebtl/  flttlna  blooki.  no 

led  a  ILfihlning  Lrreoter  based 
repelled  by  n  masnetlo  fiokl. 


In  tUa  deriea.  the  alr-^ap,  termt  which  the  liihtninc  diKharBea  to 
the  CTDund,  ia  pkae&L  in  the  field  of  a  Btrong  eledro-maonet-  WhCJ 
■aoerator  oumnt  atlempls  to  follow  the  hlili  poleatlaT  dlacharge, 
InalAntlv  repelLad  to  a  poBitEon  on  the  diTersias  coataeta  when  It  oann 
led  \r  the  tanerstor. 


LIOBTNINQ 


iJaAfiA    "^tT^^ 


LIOHTNINQ  ABRli:STERB  FOR  ALTERNATING  CURRENT.  989 


tor  A.  C.  l4£hCiiiiis 


Von-Ard^r    Motel    UyktalBc    Amirt«r.  —  Tha   Doa- 
Ul  BshtniDs  mrrensr  ouda  by  the  WatiDsbouw  Co.  for  ahflniat- 

it  dreuit*  ia  boaed  upnn  the  diaoDTary  nude  by  Hr.  A.  J.  Wurta 

n  altarnatios  ourreiit  an  eknnot  be  maiatainad  ova-  a  abort  air-«ap 

. :lia  elactrodaa  Conaiat  of  Dartain  metalii  bjuI  alkiva  therenf.      TvTMfl  "  A '' 

md  "C"jTTeateia,  deal 

je  beat  underatood  by  . ^ ,  »  .  ^.  -.- 

It  will  be  noted  that  thare  an  aeven  indapeDdent  cylindara  of  Doa-ftroiiu: 
nwUtl  plaaad  aide  by  aide  and  aeparatad  by  alr-mia.  Ths  cyliadera.  which 
'  "~  ■  marbla  base,  are  knurled.  tliiiH  pr        ■•-      ■       ..... 


The  arnatar  ia,  tbantora.  doubta  pole,  tnat  u, 
aidea  of  tba  dreolt.  Wnio  the  llace  beoome  i 
charBe  ipvk  DMaaa  seroaa  betwean  the  cyHoderi 


by  K:lui 
*MDMai 


itiot  hundreda  of 
.DL  luiuala  are  oonnectH 
unectnl  to  the  grcim 

callv  ehaiitad  the  di 


990 


LIGHTNING   ABRESTERS. 


The  Type  ^  C  "  ArrMtor.  —  This  is  similar  to  type  "  A."  but  iiist«wl 
of  beiDg  mounted  on  marble  it  is  enclosed  in  a  weather-proof  iron  case  for 
line  use.    The  cylinders  are  placed  in  porcelain  holders,  as  shown  in  Fig.  12. 


Fia.  12.     Unit  Lightning  Arrester,  Type  "C,"  Showing  Cylinders  in  Pbuse. 

Tlie  CtertoB  Arr«at«r.  —  In  Fig.  13  a  crow- 
section  view  is  shown  of  the  Garton  Arrester. 

The  discharge  enters  the  Arrester  by  the  bind- 
ing post  A,  thence  across  non-indfactive  resistance 
B,  which  is  in  multiple  with  the  coil  F,  throoj^ 
conductors  imbedded  in  the  base  of  the  Arrester, 
to  flexible  cord  G,  to  guide  rod  D  and  armature 
E,  which  is  normally  in  contact  with  and  rest- 
ing upon  carbon  H  thence  acroas  the  air^ap  to 
lower  carbon  J,  wnlch  is  held  in  poeitfon  br 
bracket  K.  This  bracket  also  forms  the  ground 
connection  through  which  the  discharge  reaches 
the  earth. 

We  hare  noted  that  the  discharge  took  its 
path  throuffh  the  non-inductive  resistance  in 
multiple  with  the  cofl.  This  path  is,  however, 
of  hiffh  ohmio  resistance,  and  the  normal  cur- 
rent 18  shunted  through  the  coil  F,  which  Is 
thereby  energized,  drawlns  the  iron  armature 
E  upward  Instantly.  This  forms  an  arc  between 
the  lower  end  of  the  armature  and  the  upper 
carbon  H.  As  thi^  arc  is  formed  Inside  the 
tube  G,  which  is  practically  air-tight,  the  oxygen 
Is  consumed,  the  current  ceases,  and  the  coil 
lopos  its  power,  allowing  the  armature  to  drop 
of  its  own  weight  to  Its  normal  poeltlon  on 
the  upper  carbon.    The  arrester  is  again  ready  for  another  discharge. 

11i«  S.  K.  C.  Aiirlitelngr  Arrester  SonlpnieBt,  manufactured  by 
the  Stanley  Electric  Mfg.  Company  of  Pittsnela,  Mass.,  consists  of  three 
essential  parts.  The  Lightning  Arrester  proper  is  two  nests  of  concentric 
crllnders,  with  divergingends  held  in  relative  position  by  porcelain  cape,  as 
snown  in  cross  section.  Fig.  14.  To  the  innermost  cylinder  the  line  is  con- 
nected ;  to  the  outer,  the  earth.    The  porcelain  caps  are  provided  with 
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nooTM  ao  plM«d  M  to  n»ke  nit  ipiirk  gap*  on»4lxte«nth  Inah  «i<ls.  Bb- 
tw««o  tbow  grooTet  ui  lulBclent  perCoTklfonB  to  nllow  tha  tn»  elronlatloi) 
of  air  bstween  the  ByUnden.  If,  on  tbe  ooaulon  of  llirtihiliig,  tbs  dynuno 
anrrentfoUowg  thallBhtDlDs.aourrentof  alrieBtonaeeiUbl^nl  Ehrongh 
the  perlonttloDB  between  tbe  ejllnden,  blowing  tbe  urc  between  tbe  Har- 
lug  end*  wbera  itie  iosUinClj  raptured.. 

Between  tbe  line  terminul  and  tbe  ground  oobnectlOD  tbere  are  tbree 
■park  gHfa,  eKb  on»«iiEeenth  Inch  In  width,  nuking  a  total  of  tlura»<lK- 


**  long/'  ud  tb4^  effeetlr 

Tbe  apark  npa  o 

ominarfiynif'  — 


pf  thli.    Ttali  pbi 

pn  uannot  be  eipreaied  bj  "ibort' 
LB  Ilgbtning  protection  cannot  be  mei 


It  IlgblNl 


otdl- 


llndem  proTtde  large  dl.cbarae  inrface,  enabling  tl 
sot  all  tbebesTT  dlscliargea,  relleTlngthe  lice  oomplntel 

loe  aecoDa  eaaentlal  feature  of  tbe  S.  K.  c!  Llgbtnlng  Arrntei  Equ^pme 
li  a  Cboke  Coll,  so  wound  <pig.  IE)  u  to  poueea  great  oppoeltion 
paaiage  of  Ugbtnlnv,  yet  pTactlcall;  no  ■eU-lnductlon  with  cmrenti 
nary  freqnancy.    Tblg  eull  !■  to  be  placed  In       , 

tbeeircnltbetweenltiellgbtnlngaTreeterand       '  

tbe  apparatus  to  be  protecied.  lotrodndng 
■  Dcb  a  coll  between  the  lightning  arreiter 
and  [be  maablne  will  offer  pmctlcaTly  no  dl^ 
tnrblng  effect,  either  an  to  magnitude  of  tbe 
output  or  r^uladon  of  the  Byiieni,  and  at  the 
■ame  lime  Interposea  enormoua  opposition  to 
tbe  paeeage  of  llEbtnlnH  dlBCharnee  towards 
the  mac  bine  to  be  protected. 

ToremoTBeventhggligliMetitatliMVscbarBe  , 
fram  the  line,  an  lualranient  ilmllar  to  tbe 
one  illmtrated  Id  Fig.   16,  FsUed   a  "I' 
Dlaebarger,"  when  UAed  with  the  appare 
aboie  deHiribed,  dliCbantes   ih«   line   c 
pletely.     The  S.K.G.   Line  DlMbarger  I 

■alnote  alr-np  In  leriea  with  a  tube  or  taben,  ria.  is. 

tilled  with  Olid  lied  metallic  partlclu.  tbua 

oirerlna  praotlcally  an  IndDlte  regl>tanc«  to  dynamic  currenta,  yet  allowing 
■tatlo  diachargea  of  eitremely  low  potential  to  pan  readily  to  earth.  The 
Lls«  Dtachargei  li  eouneoted  to  lb*  line  a*  ahown  In  Fig.  II.    The  Dumber 
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AKRESTERS  FOa  HIOH   POTENTIAL  CIRCUITS, 


<Abttnct  otpaptt'by  Peny  H.  Thomai  in  fVivufeiM /«(. /ourn.) 
A  UghlDiaa  diHhw||[>  is  of  ui  aacUlatory  oharacter  tad  poaMata  the 
property  of  aelf-indiutiOD;  it  ooiuequentty  puses  wttlk  difficulty  throu^ 
eoUi  of  wiiB.  Uoreovar,  the  fiequeucy  of  oncUlUion  of  s  lighinlng  di«- 
tbarae  boiiu  muah  BrCktw  than  that  of  oommarciKl  klternUiiiE  oumola,  k 
ootl  oan  readily  be  constructed  which  will  oSer  >  relatively  hish  nnigtuiae 
to  tlia  immijll  of  Ushtaing  and  tt  the  lamo  time  kilow  Iiee  piwge  to  ail 
ordinary  eleotiic  euireata. 

A  more  oomplete  method,  a  method  oF  prevention  rather  thui  rcBiirtanoa, 
vhioh  la  available  (or  higher  vultaEea.  is  the  use  of  the  atatic  iDterrupter, 
wbieb  la  lubstantially  a  magnified  cboJu  ooil.  Its  (unctioo  ia  so  to  delay 
tbe  itatic  ware  In  iCa  entry  into  the  trauiformer  ooil  that  a  cqiuiderable  por- 
tion of  (he  latter  nrlU  beooma  chafed  before  the  terminal  wiU  have  reashed 
fufi  potaatiaL 

II  a  Tccy  heavily  [naulated  powerful  ehoke  ooil  be  placed  In  tbe  lead  of 
tba  tianaiormer.  Then  ■  atalfo  wave  approachee  slectrieit^  will  be^  to 
paaa  in  amall  quantity  and  will  pan  in  gradually  ir"™-""  ""—•>•"  " 
lal«r  init--'-  -'  -' —     -  "-•  "— 
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jf  the  full  voltage  of  the  wave.  Jt  ia  eviden 
depend  directly  on  the  frequency  or  abrupt 
'"~  "~~  '.ranaformei  and  the  i^ke  ooil  ar 


affected  br  the  frequa 

But  a  otoke 
torliy  la  fbuod  to  be  impracticable  on  ven'  high  potc 

at  the  tit,  coat  and  fnterterenoa  with  the  operation  ...  .„„  .,«»«,.     

•m,  if  tba  aiTangemeot  of  the  atatio  interrupter  be  uaed,  that  it,  if  u  oon- 
doiaer  be  connected  between  Hue 
and  tround  behind  the  ohoke  coll 
nearer  the  apparatua   to  be  pro- 
,    tected,  this  choke  coil  vlD  abnrb 
a  ooniidersble  portion  of  tbe  eur- 
not  actually  naaed  by  Ibc  choke 
eoU,  and  the  time  required  to  pas* 
niffleint  electricity  to    ~ 
I.  tanuinal  will  be  muol 
WRh  tUa  arrangemMit  ■ 
ttvdr  amaO  oboke  eot 
CHontam       '-'"        oaed.    The  eoodeoMr  haa  a  very 

og  Hlcb^inaloo  OaDctator.  "*  ■*?  "PPrmable    efleM  upon 

IDS  oipt-mpwu  uweiHDi.  normal  operation,  and  yat  han  a 

vary  powsful  affaat  on  tba  alalia  nva  on  account  uf  ita  extremely  high 
freqiuDer.  Aa  in  the  eaaa  of  the  eboke  ooil,  the  Btatle  interrupter  mutt  be 
(ooghly  proportioDed  to  the  tranaformer  winding  to  be  protected.  The 
soDoeDaer  muit  alao  he  auitable  (or  the  voltage  between  bne  and  gnmnd. 

If  atatio  inl«rrupten  be  placed  in  each  lead  of  Usb  tenakm  uparatna 
vUeh  m^  be  Injured  by  local  conoeDtratlon  of  poteiilial,  Ita  windinga  will 
be  amply  protected  •galnat  danger  of  short  droulta  fioni  atatio  warn  either 

poaltlve  or  outtvr      °— ■- '  ■-  -*- -" .■_■■-  >- 

oonneotkmwltbati 
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•tatic  iBterrapMn  a>«  Irf»w  BoBlvalaat  KI^MbIbv  Mr. 
■«■(■■«. —  A  ihort  dcBcriptlon  of  (be  aalknt  fmtura  of  «im*  totiul 
liahtnlnsBrnatcn  and  itatic  iulemiplcn  will  be  giTen. 

TfioXow  BqalntleM  A..  C.  lJ|rktaln«  ArrwMr  coasiita  of  > 

Dumber  ot  A  inch  air  cups  between  non-Bniilc 

B  metal  oyUDOen  Id  serieg  witb  non-inductrve  reei*- 

I  tanee.     A  portion  of  the  mistance,  oalled  ihuut 

M^^  remstaDca,  u  shunted  by  a  gecond  set  of  air  (^h 

.^m^lk.  called  ihuated  ehps-     llie  objeot  of  thli  airanae- 

^■^^  ment  i<  Ui  ndtice  Cbe  amouilt  of  the  eerie.  TX 

j^BP^^^^K  t&uoe  through  Ahith  the  discharge  must  pass  to 

wH^^H&        Sited  in  Fig.  mT"'"  " 

The  seriee  gaps  withhold  the  liiie  vohage  and 
are  ohoaen   so  ae  to  break  down  at   aomethiiw 

voltage  above  that  of  the  «rth  A  portion  ol 
the  series  resistance  is  sbunted  by  guM  »  that 
the  static  discharge  can  pass  around  this  portion, 
thns  avoldmg  Ita  resistance,     f1  evidently  le  then 

which  tends  tu  tollow  throueh  the  shunted  gaps. 
It  is  found  that  with  a  nuinber  of  shunted  rue 
eaual  to  the  seiin  gaps,  the  arc  will  be  withdrawn 

when  the  shunt  repinluice  do^  not  eioeed  a 
pmper  value,  which  is  a  considerable portiob  of  the 


FtD.  21.  Choke  Coil 
with  Support,  for  Use 
with  Low  Equivalent 
lightning  Aireater. 

jump  the  series  gaps  alcini 


eof  shunted  gBps  be 
noted  as  well  that 


,_-_ lo  jump  over  all  the 

lunt  than  would  be  required  to 
int  of  the  ahuBt   rtnituor  the 
leparately  one  after  the  other. 
hoke  ooQ  in  series  with  the  hoe 
d  ground  on  the  appanttue  «■)• 


sJo  o  o  o  o  o  o  o-)-o  o  o  o  o  o  o  o-j— v/WHI" 

Fw.  aa.     Diagram  of  Low  Equivalent  Li«btDing  Arreeter. 


in  place  of  air.    TUs  has  the  double  eHeot  of  b. .  —  - — =;r — -- 

eapadty  and  changing  the  Velodty  at  irtdoh  wavaa  pconM.  llw  to- 
entmd  electrortatio  capaoky  tends  to  decreaM  the  i>eed.  bnt  a*  t^ 
iDdustaDDe  of  the  oaUe  Is  snaall  this  wtUly  oompenjalea  for  *he  t— 
wsased  capacity.  The  difTereooea  from  the  ab  line  are  dilfcnooca  a  "IP" 
only,  utd  do  not  affeot  the  pasgage  ot  waves,  reaeatnn,  fonaitea,  et^ 
Consequentlv,  no  pheaomeoa  diSerent  from  the  air  lines  may  be  utpeetod 
as  a  nsutt  ol  statio  disturbanoes. 

Sinos  tlie  able  contains  no  ooils  of  wira,  no  local  oonoentratlon  of  PO*«>- 
Ual  will  be  found  Kke  that  in  tnusformer  eoQs,  and  there  is  do  oooaafeB  fot 
the  use  of  a  statio  iDtemiptar. 
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In  ajKaneral  wav  it  must  be  expected  that  the  surgins  about  of  the  eneivy 
which  IS  stored  whenever  a  line  is  charged  will  cause  increased  potential  at 
oectain  points.  This  should  be  provided  for  by  placing  suitable  lightning 
arresters  at  all  points  where  important  and  vulneiable  apparatus  is  locateo! 
There  will  also  be  local  concentration  of  potential  in  windings  connected  to 
the  circuits  as  the  result  of  all  static  disturbances,  tiuch  transformer  or 
other  coils  should  always  be  either  sufficiently  insulated  or  protected  by 
ehoka  coils  or  static  interrupters  or  by  some  other  suitable  method. 

IKons  Ttp«.  —  This  arrester  was  invented  by  Oeischlaeger  for  the 
Siemens  A  Halske,  A.  G..  and  like  the  Thomson  arc-circuit  arrester,  its 
operation  is  based  on  the  fact  that  a  short  circuit  once  started  at  the  base, 
the  heat  of  the  arc  will  cause  it  to  travel  upward  until  it  ruptures  by  attenu- 
ation. On  circuits  of  hisdi  voltage  this  rupture  sometimes  takes  a  second  or 
two,  but  seems  to  act  with  but  little  disturoance  of  the  line.  It  has  been  used 
little  in  this  country  until  lately  when  it  has  been  installed  on  a  few  of  the 
high  voltage  lines  on  the  Pacific  coast,  and  the  results  are  so  far  highly 
commendable. 

The  following  figures,  Nos.  23  and  24,  show  the  applicatbn,  one  as  applied 
to  the  line,  anathe  other  in  diagram. 

The  knee^haped  horns  are  of  No.  0000  copper  wire,  one  connected  directly 
to  the  linc-the  other  through  a  water  resistance  and  choke  coil  to  theground. 
The  horns  are  moimted  on  the  regular  line  insulators,  and  for  40^000  volts 
the  distance  between  the  knees  varies  from  2}  to  3  or  3^  inches.  The  water 
receptacle  should  have  a  capacity  of  at  least  15  gallons,  and  users  differ  as  to 
whether  the  water  should  have  salt  added.  The  water  should,  however, 
be  covered  by  a  layer  of  oil  about  one-eighth  inch  deep  in  order  to  prevent 
evaporation.  The  choke  coil  can  be  made  of  about  eighteen  turns  of  iron 
wire  wound  on  a  6-inch  cylinder. 
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Fi«.  23.    Construction  of  the  Horn  Tsrpe  Arrester  as  used  by  the  American 

River  Electric  Company. 
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Care  should  be  taken  that  the  knee  is  not  too  eharpt  or  the  arc  ie  liable  to 
reform  after  being  once  broken:  a^ain,  the  homB  ohould  not  lie  too  flat,  or 
the  arc  will  strike.down  as  shown  in  Fig.  24.  The  curve  of  the  knee  is  aoi 
alike  for  all  parts  of  the  line,  but  depends  dh  the  line  Constanta,  aad  will 
have  to  be  fitted  to  each  case. 
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FxQ.  24.  Arrauffement  of  the  Parts  of  a  Horn  Type  Tightnint 
Arrester,  the  Two  Small  Diagrams  to  the  Right  Showing  Faulty 
Construotion  of  the  Horns.  —  N.  A*  Eckert. 


ELECTRICITY  METERS. 

Bbvisbd  by  H.  W.  Youmg. 

BfBTBBS  for  DMMUiliig  the  mmottnt  of  electrical  energy  furnished  to  oon- 
eum«ra  are  known  as  reoordinc  or  integrating  watt-hour  meters  and  are 
made  in  several  different  forms  to  meet  the  varying  conditions.  The  regis- 
tration of  an  intejsrating  meter  must  be  very  accurate  to  meet  commercial 
requirements  owing  to  the  fact  that  any  errors  which  may  be  present  are 
eumulative  and  even  a  small  percentage  error  will,  after  a  lapse  of  time, 
become  relatively  important  from  a  pectmiary  standpoint.  The  accuracy 
must  be  especial^  high  at  the  lower  end  of  the  curve  owing  to  the  fact  that 
tor  the  larger  part  ox  Uie  time  the  actual  load  is  but  a  small  percentage  of 
the  meter's  capacity,  and  a  meter  which  shows  inaccuracy  at  this  point 
eannot  be  a  profitable  investment  for  the  central  station  for  the  reason  that 
the  tendency  is  to  under  register  rather  than  over  renter. 

▲cttom  of  iMieft'iiatlny  Meter*. — The  action  and  operation  of  an 
integrating  meter  may  be  hkened  to  that  of  a  small  direct^connected  motor 
generator  set  in  which  the  current  and  potential  coils  are  considered  as  the 
motor  dement  and  the  disk  and  the  permanent  magnets  as  a  magneto- 
flenerator  with  a  short-circuited  disk  armature.  The  work  expended  by  the 
motor  is  absorbed  in  driving  the  short-circuited  generator  and  overcoming 
friction  in  the  bearings  and  registering  mechanism.  In  a  perfect  meter  (or 
motor  generator)  all  the  work  woulabe  expended  in  driving  the  disk  or 
generator  —  friction  being  absent  —  in  which  case  a  direct  ratio  would 
exist  between  the  speed  and  the  energy  passing  through  the  motor  system, 
thus  ^ving  a  meter  absolute  accurate  throughout  its  entire  range. 

It  IS,  however,  impoasible  to  entirely  eliminate  friction,  but  it  will  be  seen 
that  Uie  more  perfect  the  meter  is,  the  greater  will  be  the  ratio  between  the 
work  expendea  usefully  in  driving  the  disk  or  armature  of  the  generator 
and  that  expended  in  overcoming  friction;  or,  in  other  words,  the  Ratio  of 
Torque  to  Friction"  in  the  meter  will  be  high.  Meter  manufacturers, 
recognising  this  essential  feature,  endeavor  to  make  this  ratio  of  torque  to 
frietion  very  hi^  by  efficient  design  of  the  measuring  elements  and  reduc- 
tion of  friction  in  the  bearings  and  registering  meohaniBm. 

]Mreet-C«rrent  ConuKkutrntor  TtP*  IHetere. 

The  best  known  of  the  direct-current  meters  is  the  commutator  type  con- 
sisting of  a  small  motor  driving  a  registering  mechanism.  There  are  usually 
two  series  ooils  wound  with  comparatively  ^w  turns  of  heavy  wire  and  prao- 
tieaUv  surrounding  a  pivoted  armature  containing  several  coils  of  fine  wire 
tuitaSly  oonnected  to  a  commutator  on  which  bear  small  brushes.  In 
series  with  the  armature  is  a  comparativdy  high  resistance  and  a  light  load 
or  friction  compensating  coil.  The  stationary  series  coils  are  connected  in 
series  with  the  load  ana  the  shunt  circuit  consisting  of  the  armature  and  its 
lesjstanoe  is  oonnected  across  the  line. 

The  construction  employed  gives  a  driving  torque  proportional  to  the 
energy  flowing  in  the  circuit,  and  to  secure  correct  registration  it  is  necessary 
for  a  retarding  torque  to  oe  provided  which  will  oe  proportional  to  the 
driving  torque.  A  controlling  force  varying  directly  with  the  speed  is 
obtained  by  causing  an  aluminum  or  copper  disk  to  pass  between  the  poles 
of  permanent  magnets  whose  fields  induce  "Foucauit"  or  eddy  currents  in 
the  disk.  The  interaction  between  the  fields  of  these  eddy  currents  and  the 
field  of  the  permanent  magnets  produces  a  retarding  torque  varying  directly 
with  the  disk  speed.  With  such  an  arrangement  of  driving  and  retarding 
torques  a  rotation  is  produced  which  is  always  proportional  in  speed  to  the 
'driving  toraue  and,  therefore,  to  the  energy  passing  through  the  measuring 
eoUs.  As  the  measuring  elements  do  not  employ  iron  and  are  practically 
BOO-indiiotiTe^  the  meters  can  be  used  on  either  A.  C.  or  D.  C.  eirouits. 
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This  met«r  (Fie.  3)  in  oommor 
f  orau.  !■  of  the  commutator  type  > 
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Fig.  4. 
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Fra.  6.    Table  GivInK  Relation  of  Fields  by  One-quarter  Ferioda. 
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As  no  progression  or  shifting  of  the  field  ooours,  there  is  no  rotation  of  the 
disk  and  thus  Uie  meter  will  not  record  when  the  currant  in  both  the  series 
and  shunt  ooils  is  90  degrees  out  of  phase  with  the  impressed  voltage;  hence, 
the  meter  vnU  reeord  true  power  whether  the  load  be  mauetwe  or  non^ndueHee, 
Power  I'actor  Gompenaatloii*  In  the  preceding  diagrams  it  was 
demonstrated  that  for  correct  registration  on  an^  power  factor,  exactly  00  per 
cent  phase  relation  between  the  shunt  and  senes  fields  must  be  obtained. 
Consequently  compensation  must  be  made  for  the  small  decrease  cf  this 
anale  caused  oy  the  copper  and  iron  losses  in  the  shunt  circuit, 
^liis  compensation  is  usually  obtained  by  placing  one  or  more  short  dr^ 
euited  turns  (or  secondary)  ox  conducting  material  around  the  projecting 
pole  C  of  the  shunt  electromagnet,  proauoing  an  induced  magnetic  Ma 
which,  acting  with  the  shunt  magnetic  field,  produces  a  resultant  field 
lag^g  behind  the  field  of  the  series  coil.  By  varying  the  position  or  resist- 
ance of  this  short-circuited  turn  (or  secondary)  the  compensation  neoessair 
to  obtain  the  exact  90  degrees  phase  relation  may  be  obtamed.     This  method 

of  securing  the  resultant  field  can  be  better  uiKkr* 
stood  by  referring  to  Fig.  6  in  which: 
OA  represents  the  voltage  of  shunt  ooils. 
OY  represents  current  paasing  through  shunt 
ooils. 

YOA  represents  ani^e  less  than  90  degrees  due 
to  iron  and  copper  losses  in  shunt  coils. 

OS  represents  induced  volta^of  short-cireuited 
turn  K  and  exactly  opposite  m  phase  rdation  to 
that  of  OA,  but  very  small  in  value;  the  current 
passing  through  the  short-circuited  turn  K  being 
in  phase  equal  and  approximate  to  OC. 

This  curraat  OC  and  main  current  OY  have 
Fio.  6.     Dia^am  of  Re-  a  combined  magnetising  effect  on  the  iron  core, 
sultant  Field.  which  effect  is  found  by  fonning  the  parallelo- 

gram OC  —  X Y  when  OX  is  the  resultant  effect 
now  practically  at  right  angles  to  the  impressed  E.M.F.  of  the  circuit.  By 
raising  or  lowering,  tnus  changing  the  position  of  the  short-circuit€»d  turn* 
the  magnetism  of  the  shunt  neld  can  be  shifted  back  to  the  proper  angieu 
giving  the  90  degree  phase  relation  and  adjusting  the  meter  so  as  to  reaa 
correctly  under  all  conditions  of  power  factor. 

NoTB. — This  power  factor  compensation  holds  true  onl^  for  approxi- 
mately the  frequency  for  which  the  meter  is  adjusted  and  if  highest  accursey 
is  expected,  wattmeters  should  not  be  used  on  inductive  loads  having  a 
frequency  variation  from  normal  of  more  than  10  per  cent  plus  or  minus. 

IfgiiiMstBtug  Sir«c«  of  ^oltsiff«  ^aii«tlOBa.~It  is  desirable  that 
induction  meters  be  capable  of  operating  over  a  wide  voltage  variation  without 
impairment  of  accuracy,  and  freedom  from  error  due  to  voltam  variatiooi 
is  accomplished  by  the  design  of  the  shunt  magnetic  circuit.  By  referring 
to  Fig.  4  it  will  be  seen  that  the  shunt  magnetic  circuit  is  so  arranged  that 
the  greater  portion  of  the  magnetic  lines  generated  by  the  shunt  winding 
are  snunted  across  the  narrow  air  gaps  FF  and  do  not  pass  through  the  disk, 
thus  cutting  or  damping  its  action  and  thereby  impairing  the  accuracy. 
While  the  exact  leakage  across  the  caps  cannot  be  accurately  determined, 
it  is  a  large  proportion  of  the  total  flux  generated  so  that  a  comparatively 
wide  variation  from  the  normal  voltage  has  practically  no  effect  on  this 
meter's  recistration  owing  to  the  small  percentage  of  damping  flux  which 
is  produoea. 
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trnioU  mlUa*  eurr*  id  an  indudioii  niti 

iMd  Uist  a  Toluce  aofe  from  50  p«r  not  U  125  pec  o 

Tolt«|B  doa  not  matariaUy  unpair  tha  adCQrftejr, 


TbcM  DMUn  (F^.  8)  mre  of  the  roUIina  Beld  trpa  prenoadr 
■ad  UiB  aJioM  (oMiira  ctainMd  an  u  (olkm:   2kb  nlio  of 


=  =  ■ 


^aaaiBb^^ 


IritfiOA*  Ulh  nUo  of  torque  to  ird^t;  Impmvtd  low  niDiDC  ball 
txBiiiiB;  impravwl  hU  oitiiie  top  bMrini:  Udit  loail  aiJiiutiMOt  loekUd  in 
kskue  SBp  dC  ihunt  coil  mi<1  unnlTDctB]  by  Hut  of  rcnw  eoil',  meohuusal 
powor  Metor  sod  Inquency  adju'lmonl:  aorumte  oi>  noDHnduotlv*  or 
bdunUve  iomdx;  Irecdam  fnun  cAecl  of  slny  firltlt;  pcrmulHit  macMM 
msKnetleailf  ahidded;  U^fat  rotntiiig  eleiuerit  (15  i^r^iTLms);  unaffflctBd 
by  voluce  -wiBlioii  from  SO  per  cent  lu  125  pet  cetil  of  Dcinnal:  uuiffeoMd 
tv  wiila  rarialiona  ia  nve  latin  and  {nsiuancy;  /raodom  from  nttlini  or 
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Figure  9  illHstratOB  m  House  Service  Polyphase  Meter  and  Fisare  10  the 
Polyphase  Switchboard  Service  Meter. 


POLYPHASE 
INTEGRATING  WATTMETER. 

WESTINQHOUSE 

ELECTRIC  8c  MFQ.  CO. 
PITTSBURG,  PA,,  U  SA. 


Fia.  9.    Westinghouse  Polyphase  Induction  Meter  (Houm  Service). 


Fro.  10.     Westinghouse  Polyphase  Induction  Meter 
(Switchboard  Service) . 


SIN  OLE-PHASE   INDCCIIOM   WATTliBTKSS. 


ThOMUOB   Vlrk  TOTOH*.   I 

(Ganeral  El( 
ThCM  matwi  (Fig.  11)  >re  of  Iha 
Bune  soHinl  type  «■  tlw  Weatini- 
bouM,  but  differ  io  msohsDiail  too- 
itmctum.  ThawtMntfuiunacUiiDsd 
ua  pnMtiodly  ldentie>I  irith  * 
Um  WMtiDsboi 

n»  baujno. 

diffsrait  type,  baoE  of  tbi 


Pki.  12.     Tboiwon  Pdyi^iue  Meter,  QUas  Cover. 


{Fort  Wi 
Theea  nieta*  (Ft;.  13)  are  aJso 


diik.    .The  tlfbtlo 


BLXOTRICmr 


■tmrting   ( 


Fm.  1*.    1>pt'*K"FoimHABWKttmetar  — Halt  FiODtViaw,  Cue  of. 
Fort  Wa^a  Elm.  Co. 
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low 


■tood  by  refBTiinx  to  Fi£.  16,  Aad  the  followliis  dwsiption :  A — 'A  ue 

the  pal«  ol  ui  slMtromHsnet  enersiied  by  the  poloitkl  ooil  «^oh,  thion^ 

A  tfHialanoe,   in  eoonefltfid  direotly  mortMH 

the  line,  thiv  fannins  the  volume  el^nent  ''  ' 

of  the  meter.     K  ia  a  soft  inn  bar  located  !    '   i 

In    •hioh    the  ooppor  disk  D  ii  located.         -     __        f  rr^  ~^\ 

This  copper  disk  ia  oonneoted  in  aeriM  with        ;'  i,ji-JT|  M'iij  /^ — '  "  ' 
the  line  ^ad  forme  the  current  elemeD'  ~*  r  t*.  u  jj ,      a^ 

the  meter.     In  oapadtifla  exoeedinf^  10 1 

perea  the  disk  only  c— ' 

Son  of  the  nuia  cuire 
br  intwtiiu  a   shunt 
Hoe  and  Jtovim    ' 
paaa  thiol-  ■" "'  " 

Ita  edgn  pais  betmeo  the  polea  oT 

Kerstor  or  load  danent  of  the  luowi. 
nd  B  are  mounted  on  ■  eonunm  dial  t 
irfaioh  b  luitably  pivoted  or  euapended. 

The  third  element  of  the  meter,  namely,  _ 

the  teetering  menhaniam.  ie  not  shown,  ^==^^.=_^^J- ' 

S:;!^Td3™"'b?*^aSSle*^,Sri^  Pu,.lS^8a„,amo  Wr-W!ur- 
iSl^iMdbrthenta^ahatl.  '"""^  rmt  HM«r,  Cim  off. 


earFTlna  a  oorrttit  which. 


ill  be  seen  that  the  field  EeneiBt«d  by  the 

•  lit Ill  m  ranami  thnrllirti 

with  the  load  ia.  therefore, 

___  ._    .__  __ of  the  I-    '■    -  ■ 

Geids  produced  by  the  masn 


sfa 


SLIOTBIOITY    ] 


ri^t  ftn^s*  to  ft  Gud 
love  oui  ol  lav  rixea  noa. 

, , ^„erv  of  Ihs  disk  which  is  acain  imi 

eODitvit  chaoge  ir 


tbe  liied  Geld. 

li!ik  whi^^  a^n 

ll  wiii  Oi'iw  be  leen  that  the  n 
weaanauoiue  U.C.  meMn,  opsratss  sa  a  Dimple 
■tnarator  haviaB  a  ibort  dreuiled  umsture. 

'^a  aannmo  met«r  dlffen,  homvBr,  Is  ila  ooiutruoljon  Imn  (hat 
id  in  lEeoon * "      — .— ;-  .v..  .1 1.._  ,1 .  :.  ..-. 


ploytid  ia  iGeflonuauUlorD.C.metenin  thai  the  voltage  el 
ary  istbor  than  rotable;  Ihtt  niiTent  elemeot  being  rotaiMo  i»uivr  ^oau 
■tattoiuuy  and  iastcatd  of  employiii(  a  eommutaior  and  bnuhn  to  lead 
oumut  in  and  out  at  tba  rotable  element,  or  armature,  it  19  submerced  in 
meioury  oontainad  in  as  imulnUni  ehsraber  havinf  aiDtact  pieeei  at  ekdi 

tinra  16  iUuitnites  a  meter  aa  actually  eonatnictad.  TIib  nwrourr  ■• 
eontuned  in  a  dome-ehapad  ahambal'  and  not  only  serree  M>  eoaduot  tli* 
encrent  to  and  from  the  annatun^  but  abo  t«nda  to  buoy  up  the  diak  and 
rdieve  the  preaaure  on  the  lower  bearing. 

The  full  toad  adjustmente  are  aoeompUabed  by  vaiyiug  the  itreofUt  el 
the  magnetle  field  (hrouifa  which  the  disk  puHe.  and  the  sdiusLment  at 
li^t  load  it  accomplisbad  by  a  campauiidiii«  soil  so  located  aa  to  sMiat  the 
field  genermlad  by  the  potential  ooil. 


iodide  aa  the  D.  C.  metr 
atiooarv  electtoDugnet  ai 


rovided  forli^t  load  and  in 


Thli  IniCroment  la  for  uee  In  connection  with  a  watt  hour  meter  tot  da- 
tarminff  the  msilmum  nae  ot  current  during  any  Blven  period  i  or  mar  be 
need  wFthuut  the  wati-hour  meter  in  coneeclion  vlth  any  eleotrleal  deTlea 
(or  which  11 U  dealred  to  kao-w  the  maximum  uHe  ol  current,  either  direct  or 

It  le  elovt  aotlng  ao  ai  to  take  no  account  of  momenlary  i porta,  auch  aa 
BtarUng  an  elevator  or  gtraet  car,  and  is  rated  to  record  as  rollowi : 

U  the  maximnm  load  laata  S  mlnulea,  SO  %  will  regUter : 
U  the  maximum  load  lasts  10  minutes,  90  %  vlll  roister ; 
It  the  maxtmum  load  lasMSQ  mlnutee,  100%  will  register. 

The  following  figure  ataova  the  working  parts  In  theory,  which,  being  ctf 
slBsa  and  llqoldl  are  placed  In  a  caat-lron  cage,  with  a  staei  front  to  permit 
reading.  Aa  shovn,  one  lag  of  the  olrcnlc  passes  around  aglBBaInilt>  whleli 
1i  harmdlloall;  aealed,  and  oouneoted  to  a  glass  tnbe  holding  a  snltabla 


T,  Tarmlnala. 

B  w,  Kealitanoe  wire. 
B  B,  Heated  bulb. 


KXTSB  BEABIKOS.  1UU» 

Tba  heM  diis  to  the  cnirsat  pMsIns  In  the  drcult  axpuida  the  tir  In  ttw 
bulb,  vhloh  toroH  the  1[qald  down  In  Ibe  left  coIdtdd  and  np  [n  the  right. 

Shouia  Iheqnanttty  of  heat  be  luch  lu  lo  force  some  of  the  liquid  litah  enough, 
It  wiU  full  over  Into  the  oenlral  tube,  where  It  miul  stay  nnUl  Qie  Initru- 
ment  I4  readjunted.    The  eoale  b«ok    -"  ^-'-■-    ■---.,t     ^.^. 


ibe  Indloktion  for  1 
lnb«   hv  .Imylj  ll„.    .    .. 
» the  purpose. 


d  recDidlng 
e  hJuged  at  the  top 


The  rsudlnge  ot  the  demand  miter  or  ditentiif  meter,  either  of  vhJoh  name* 
jure  used,  together  with  thoee  of  the  watt-hour  reoording  meter,  funlah  a 
bull  tor  ■  more  ntloual  ajrsCem  of  charging  for  elsotrldty  than  ha*  been 
oiutomary.    This  lubject  la  being  taken  up  bjr  many  of  (he  larger  electrldtj 

The  Inatrament  !■  band;  (o  uiie  in  circuit  with  a  InmBformer  to  ehow  how 
Ibe  moxiMHm  dtnumt  aHnparea  with  the  traruformer  oapaoltj ;  alao  on 
leedata  and  main*  to  ihow  how  hearll;  they  may  be  loMked. 


Pm.  17.    Vtaual  Kwot  Typo 


jnxu  ot  low«r  bearinn  are  in  nneral  ui 
inent  meten.    Figa.  17  and  IS  mpmen 


of  a  budened  and  hl^ily  polished  ileel  pivot  netioa  on  a  supped  sapphire, 
or  on  a  nnflstOTW  cDd-«tone  or  ouuped  diamond  jewel. 

Figure  19ifl  a  rolling  type  bail  bearing  formed  by  a  smaD  hardened  and 
poUshwl  Mad  ban  neSng  tetwoen  two  jewela,  one  at  wbloh  )*  atUobnl  to 
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•C«  OP  ■lU.UNO  CLOTH 
MMttO  IN  JKWILIM  Olt 


•TtBL 


the  annature  shaft  and  the  other  to  a 
fixed  support.  By  this  oonstruetioQ  * 
rolling  action  is  secured  as  oontoaeted 
to  the  rubbing  action  of  the  pivot 
bearing. 

Both  types  of  bearings  are  exten- 
sively employed  by  meter  manufactar- 
ers  and  eaeh  has  stroni^  advocates. 
The  pivot  form  of  bearing  is  invariably 
supjported  by  a  spring  suspension,  while 
with  the  ball  bearing  the  spring  is  only 
resorted  to  in  the  direct-current  meteni 
having  comparatively  heavy  moving 
elements. 

The  regbtering  mechanisms  of  the 
various  types  of  meters  are  quite  simi- 
lar in  appearance,  di£Fering  principally 
in  the  method  of  construction.  Fig. 
20  illustrates  a  typical  form  of  register- 
ing mechanism  employed  in  both  D.  C. 
and  A.  G.  meters. 

To  reduce  the  variable  nature  of  the 
contact  surfaces  of   the  commutator 

»^  -/k  n  II-  m  n  11  T«  .  ^^^  brushes  it  is  customary  to  em- 
Fio.  19.  RoIhngType  Ball  Bearing,  ploy  non-oxidising  metal  in  the  con- 
struction of  theseelements,  thus  reduc- 
ing to  a  minimum  changes  at  this  point.  Fig.  21  illustrates  the  '<«'"r«"g 
disk,  armature  and  commutator  mounted  on  the  rotable  shaft. 


MwiL  aoiiew 


im  NtfT 


The  ^vpmjtmmnt 


Fio.  20.     Registering  Medianism. 


The  prepasrment  idea  for 
the  purchase  of  practically  all 
forms  of  commodities  is  rap- 
idly growing,  for  the  vending  z*^^ 
of  practically  all  forms  of  com-  v  ^^ 
modities,  and  is  now  receiving 
recognition  in  the  electrical 
field.  Like  the  installment 
plan  of  payments,  the  prepay- 
ment meter  appeals  to  a  class 
of  people  wno  are  accus- 
tomed to  receive  and  spend  their  money  in  small  quan- 
tities. The  success  of  gaa  companies  baa  been  greatly 
aided  and  furthered  by  the  prepayment  meter,  and  its 
use  in  the  electrical  field  should  prove  as  great  a  suo- 
cess  as  it  has  proven  in  this  field. 

Prepayment  meters  are  especially  applicable  in  sui^ 
plvlng  energy  to  customers  whose  total  consumption  is 
relatively  small  and  the  collection  of  whose  biUs  is  a 
very  considerable  proportion  of  the  total  revenue  de- 
rived.    Their  use  reduces  the  amount  of  bookkeeping 
and  unavoidable  monetary  loss  due  to  poor  aooounts, 
for  the  service  is  such  that  before  securing  lii^t  it  is 
necessary  that  payment  be  made.     This  syst«n,  there- 
fore, automatically  collects  its  own  bills,  registers  the 
actual  consumption,  and  when  the  energy  prepaid  for 
is   consumed,    automatically  disconnects  the  service. 
In  installations  such  as  flats,  dormitories,  barber  sIk^js. 
caf<^.    saloons,    boot^blacking    establishmente,    cigar 
stands,  rented  nouses,  or  in  any  other  installations  where 
Fio.  21.     Rotating  the  volume  of  energy  consumed  is  necessarily  small. 
Element   of  D.  C.  the  prepasrment  meter  will  be  found  extremely  useful. 
Oommutating  Type  Central  stations  supplying  towns  having  a  large  "float- 
Meter,  ing"  population,  such  as  seashore  resorts  or  ooQege 
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id  ahiftins  of  populnllon  miden  difflnilt  the  foUawinB 
m  aaa  th«  pnpAymeDt  matan  ajitnmBly  uieful. 
tor  tlw  pnpiuiiiMilt  m«t«r  u  in  tba  onUection  of  old  komuh 


tor  tlw  pnpiuiiiMilt  m«t«r  ia  in  tbi 

la  fnqiuoiUy  bava  a  oonaidanbla 

--* -^  'i  paymanta,  &iliiou^  they  ultimataJy  pay 

L  — , — ^™  to  pay  Back  billa  ia  to  Ihr 

!•  onTy  naortad 
«.  ovint  (o  th*  ragultina 

OT.     On  tiM  othar  band, 

lacitinuta  ravmua  Had  up  svao  .  .    . 

An  •ffeotive  way  to  aoUMt  tbaae  old  billa.  and  at  the  aame  time  oontipu* 
the  aarvisa.  mlcht  b«  to  inatall  ■  ptapnymant  matar  adjnitad  tor  a  highar 


y  ^<tu 


i 


Blootrio  Prapay. 
(Inl«TuJ  VisW). 


. id  by  threala  iif  dianontiDUanos  of  aervico.     Altar  the 

„  __jn  aattlsd,  tha  meter  can  be  naet  lor  the  oomul  tats  per 

kw,-bouT. 

At  tha  prwant  time  man*  oentnl  at«tk>tii  ara  un&bia  la  ooDoact  s  oon- 
aidenble  number  of  ralativaly  email  oomumen,  owinc  to  the  fact  that  the 
amount  of  enerBy  uaed  by  esoh  cugtomer  mould  ba  w  amBll  aa  to  hardly 
Juatlty  the  eoUeotion  and  aeoauntinB  aipenae,  vhidi  vould  be  ■  very  con- 
■idenble  pareentace  of  tha  total  reoctpla.  For  example,  many  atation 
muiaien  oonld  hesllata  to  oonnest  op  coniumsn  vhoea  bille  would  prob- 
ably not  BTanMover  11  per  month,  and,  furthannor-    '   

Dot  andanrtand  and  will  not  acree  to  a  fixed  minimii 
Mmmini  that  the  total  rerenue  from  au 
IMV  year,  and  amiiiiiiin  tha  ooet  of  (viai 
(he  cnaa  reealpta.  It  would  Inve  a  remun 

eoUeotlon  and  mainlenanoe  ooat.  While  ue  crosa  proni  wouic 
large,  yet  the  pereentace  is  very  aatinfaclory,  and  there  la  tl 
advantace  that  a  larae  matority  of  thne  new  cuntomeni  woi 
nae  larger  amounta  of  energy  and  In  time  come  within  tha  olaa 

The  uB*  of  eleotilaity  inoreaiea  with  the  koowladie  of  iu  adu 


rase  tli 

one-half 
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then  (•  DO  batter  my  of  iatrodumoc  ita  dm  tapeciaUy  with  (b*  a 
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Fm.  2*.    Prenym 

Bleotrio  and  Fort  Wiiyne  paymen' 


Bt  a  lowar  nM  tKiui  tli*  staort^our 
Thia  msUiod  of  diffamtul  imua, 
la  iMianl  um.  it  t«ujble  for  tha 
with  ■  prep«yia«at  meUr  coiui — 
%n  puTcruAing  light  uid  oot  kv. 

Aootlwr  UM  for  the  pnpaymeiit  mclsr  ia  . 
ocmaection  with  elBotno  cooidoc  mud  haktiiu 
■ppliaDoM.  whloh  fnqiMatlf  *i«  aupplied  wiS 
ai«r^  f rom  a  stMnte  cinmitkls  dJaenot  rata 
tb)uii*  chkrgsd  [or  lighting.  Thoc  applikiieca 
mu  be  BUH>lis<l  throu^  a  pnpaymsit  meter, 
and  thia  lystam  haa  toa  additional  advhata^ 
of  permitung  the  conaumer  to  detmnina  a»- 
euntelyjuat  wliat  the  dectrla  cooking  or  heat- 
log  outfit  19  aoating  for  tha  naulla  obtaioad. 

By  prepaying  Iha  meUir  for  a  definite  an 
it  can  bauMd  aa  a  time  awitch  to  ■ 

swlig---^-- 
Tha< 


netful   ia  Bhawo    in    the  ao- 
ttiona.     Easantially  the  pre- 

— natio  awitching  devioe  amroDiin  diuu.  Fit. 
24  ilhiatnUa  %  aeparate  sttaobment  whieh  esn  be  uaed  in  oooiunetioD 
with  ■  gpeelallyaTTBiueditandard  meter  Bod  looala'  ''         -r    -     - 

itself. 


Wattmi 


Fta.  38.     Wealin^ioaaa  Pnpay- 


urisaBATiira 


gtttwvMy  recofDLiod    (bat   int«cratinB  wftCtia«t«n  ou 
L  m  an  acourate  ajid  efficjaut  ooudition  by  oomp&niiA  tk 


J  be  hiihlv 

.,  >bDUld  b*ve  ■  wida  op«nitiDc  nnse 
oblaiDod  piimaiiiy  by  ft  Ions  Hue, 
"■-  -" "Id  bafuitluriD- 


aiid  wban  pcniUe  tha  nn^a  abould 
iiiiMHgd  by  ODmbiaiuc  Mvanl  aucrtot  aiul  potoitiftl 
(Bpuiiiaa  ID  ona  mater.  To  oombiiw  hborMoiy 
WMuntey  wilh  tb«  spaed  D*o«eiH¥  Id  sODimenul 
work,  two  leU  of  stuitluda  itaould  ba  pcovldal 
wtiiota  may  ba  doBgoBlad  —  " — '• "  -• — ' — '- 


■tandiirds  far 

rfcurhlt , 

■Boondsry  itandanla  aliould  be  Irequently  uheclfed 

chHkiDS  veryiDgUrEely  witb  lo^l  eDmlitiDm.  Asa 
mJe.  however,  it  la  uviaabLe  Uj  check  Che  sacondary 
■Undudg  at  leut  ono«  a  month,  especially  vh<D 
njoh  atandarda  aoUHiBt  of  indicating  iaat«ra,  owing 
to  the  fast  that  all  portable  indicating  meten  aia 
laas  dalitate  and  the  10114^  ugaae  atleDdant 
'  '  "  "^  ig  ia  liable  to  materially  change 
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metera,  it  beins  somewhat  difficult  to  secure  accurate  readlnci  on  a  ^rimdi 
having  a  badly  fluctuating  voltage.  A  convenient  airangement  of  load 
is  shown  in  Fig.  29,  and  consists  of  a  bank  of  lamps  of  ai£Ferent  candte 
power  ranging  from  4  to  50  C.P.,  these  lamps  being  arranged  in  oonn«etioii 
with  single-pole,  sin^e-throw  switches  so  that  the  smaller  sises  may  be 
thrown  in  circuit  individuallv  and  the  larger  siies  in  groups.  The 
ment  shown  may,  of  course,  oe  varied  to  suit  local  conditions. 

In  circuit  with  a  portion  of  the  lamp  bank  is  placed  an  adjustable  _  _ 
sistanoe  or  rheostat  for  use  in  obtaining  exact  current  values  and  also  to 
assist  in  maintaining  a  constant  load.  The  water  rheostat  is  very  eon- 
venient  for  this  class  of  work  as  the  load  can  be  varied  quickly  and  with 
perfect  imiformity.  The  resistance  of  the  water  iheostat  can  be  rwiHily 
changed  to  almost  an^  value  by  chanyng  the  strength  of  the  solution. 
Having  made  connections  as  above,  it  is  now  only  necessary  to  take  the 
readings  on  the  portable  meter  at  convenient  points  and  to  eompare 
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Fig.  29.    Lamp  Bank  and  Connections  for  Oomparlng 
Secondary  with  Primary  Standards. 

readin^i  with  the  true  values  as  given  on  the  primary  standard.  It  u 
considered  good  practice  to  check  the  portable  meter  at  each  of  the  marken 
points  on  the  scale,  simply  estimating  the  error  of  the  intermediate  points, 
thus  showing  the  error  very  closely  at  all  points  of  the  scale. 

Ghecktnr  GaltbrwMon  of  Portable  BtMidwpa  Ii 
IFttttaieter.  —  If  theportable  rotating  standard  meter  is  used  as  a  seopi 
ary  standard,  it  should  be  checked  with  a  primary  standard  wattmeter  from 
time  to  time  and  for  this  purpose  should  oe  connected  in  the  same  manner 
as  the  indicating  standard  shown  in  Fig.  28.  To  make  a  oompanscm  of 
the  rotating  standard  with  the  primary  standard  it  should  be  i>roperiy 
connected  and  placed  in  series  with  a  primary  standard  of  approxmiately 
the  same  ampere  capacity.  .  ... 

Urh*  X«oad  Teat. -^  The  load  shoi^ld  now  be  midntained  constant  at 
approximately  4  per  cent  of  full  load  and  the  pointer  revolutions  of  the 
rotating  standard  timed  by  a  stop  watch.     Having  obtamed  the  tune  con- 
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animed  in  making  a  eertaln  number  of  pointer  revoIutionB,  the  watte  should 
De  computed  by  the  formula  applying  to  the  particular  meter  under  test. 

f  all-Iioad  T«at» — The  meter  mav  be  tested  on  other  loads  ranging 
from  the  light  load  to  full  load,  but  as  the  oaUbration  curve  of  the  rotating 
standard  from  light  load  to  full  load  is  practically  a  straight  line,  it  is  unneo- 
OBsary  to  take  readings  at  other  ^points  than  light  and  full  load  unless 
extreme  accuracy  is  required.  If  this  is  desired,  readings  may  be  taken  at 
several  intermediate  pomts,  from  which  readings  a  curve  may  be  plotted 
Sivine  the  exact  calibration  of  the  meter  at  all  points. 

Sele4Stlon  of  Prlouivy  •tond»vd  H«(er  Gapaofty. — In  com- 
paring secondary  with  primary  standards,  care  should  be  taken  to  select  the 
windings  of  the  primary  meter  having  a  capacity  nearest  that  of  the  meter 
under  test,  in  order  that  it  may  be  used  at  the  highest  possible  part  of  the  scale. 
This  rule  also  applies  to  the  comparison  at  service  meters  with  secondary 
standards. 

Vestinff  Service  meters. — For  the  testing  of  service  meters,  either 
the  '"portable  indicating"  meters  may  be  employedin  conjunction  with  a  stop 
watch  atnd  the  reading  computed  by  the  use  of  a  calibrating  formula,  or  the 
meter  may  be  compared  with  a  portable  standard  integrating  wattmeter. 
To  use  either  of  these  methods  the  standard  should  be  connected  in  circuit 
with  the  service  meter  as  shown  in  the  diagrams  usually  accompanying 
each  meter. 

Wh««  meters  operating  from  series  and  voltage  transformers  are  to  be 
tested,  it  will  usually  be  found  advisable  to  test  them  as  5-ampere,  lOO- 
volt  meters  without  using  the  transformers.  If  such  meters  are  to  be 
tested  under  the  running  load,  the  standard  may  be  connected  in  the 
secondary  transformer  circuit  di  the  meter  under  test,  using  the  S-anxpae, 
100-volt  coils  of  the  standard. 

Testter  Service  Meters  wltli  Standard  ladlcatlnir  Meters.— 
To  conduct  a  test  with  the  indicating  meter  it  will  be  necessary  to  hold  the 
load  as  constant  as  possible  and  while  noting  the  reading  of  the  standard, 
count  the  revolutions  of  the  disk  of  the  meter  under  test,  taking  the  time 
by  means  of  a  stop  watch.  To  eliminate  personal  errors  several  readings 
of  at  least  one  minute  each  should  be  taken  and  averaged.  To  compare  the 
reading  of  the  meter  with  the  standard,  it  is  necessary  to  use  a  formula 
pertaining  to  the  particular  meter  under  test. 

Use  of  Stop  IVatcM.  —  When  employing  the  indicating  wattmeter 
method  it  should  be  remembered  that  the  stop  watch  is  not  infallible  and 
should  be  frequently  checked  by  comparing  it  with  the  second  hand  of  a 
good  clock.  For  this  purpose  a  dock  m  which  the  pendulum  beats  seconds 
or  half  seconds  should  oe  used,  starting  the  watch  with  a  certain  beat  of 
the  pendulum  and  having  allowed  the  watch  to  run  several  minutes  to  elim- 
inate personal  errors,  it  should  be  stopped  on  the  same  beat  of  the  pendulum 
on  which  It  wes  stMted.  A  little  practice  will  enable  the  operator  to  check 
the  watch  within  .1  erf  a  second  without  difficulty. 

Vestlar  Service  Meters  wltla  Portable  Standard  late- 
l^rattajr  Wattmeters.  — If  the  integrating  standard  is  used  for  testing 
single-phase  service  meters,  the  operation  is  much  simplified,  as  the  use  of  the 
formula  and  stop  watch  can  be  eliminated.  To  conduct  a  test  by  this 
metnodf  the  standard  should  be  connected  as  shown  in  Fig.  80,  and  the 
oonnections  so  arranged,  if  possible,  that  the  capacity  of  the  standard  will 
be  the  same  as  that  of  the  meto*  under  test.  The  proper  connections 
having  been  made,  the  load  should  be  adjusted  to  the  desired  value  and  a 
direct  comparison  made  of  the  number  <n  revolutions  of  the  meter  under 
test  with  the  number  of  revolutions  shown  on  the  counter  of  the  standard. 
In  oonmion  with  the  indicating  standard  method,  readings  should  be  taken 
for  at  least  one  minute  to  diminate  personal  errors.  The  percentage  of  error 
In  the  meter  under  test  may  be  found  directly  by  dividing  the  number  of 
revdutions  of  the  service  meter  by  the  number  of  revolutions  made  by  the 
standard  meter ;  that  is,  if  the  meter  under  test  makes  10  revolutions  while 
the  standard  meter  shows  10.4  revolutions,  tho  ratio  would  show  the  metw 
under  test  to  be  approximately  4  per  cent  dow.  The  above  applies  onW 
when  the  meter  under  test  has  the  same  ful!-load  speed  as  the  standard. 

In  order  that  the  standard  meter  may  be  conveniently  employed  in 
testing  meters  in  which  the  full-load  speed  is  other  than  twenty-five  revo- 
lutions per  minute,  the  following  table  has  been  prepared  as  applsdng  to 
Weitingbouse,  Oeneral  Elsotrio  and  Fort  Wayne  mstets.    By  tiis  use  d 
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this  table  any  one  of  the  three  makes  can  easily  be  tested  with  the 
standard. 

In  explanation  of  the  use  of  this  table  the  following  examples  are  pEtven: 

(1)  If  it  is  desired  to  test  a  Westinghouse  service  meter  by  usiniE  the 
rotating  standard,  the  two  meters  should  be  connected  in  series  and  loaded 
so  as  to  give  one  revolution  of  the  disk  in  approximately  one  minute's  time 
for  a  light*Ioad  test,  and  for  full  load,  twenty-five  revolutions  of  the  disk  in 
the  same  time.  Tne  number  of  revolutions  made  for  these  two  loads  by 
the  standard  —  if  the  service  meter  is  correct  —  would  be  one  and  twenty 
five  respectively.  If  the  number  of  revolutions  made  by  the  standard  is 
25.77  the  service  met«r  is  three  per  cent  slow  at  full  load.  If  the  number 
of  revolutions  of  the  standard  is  24.27^  the  service  meter  is  three  per  cent 
fast  at  full  load.  From  this  example  it  will  be  seen  that  the  accuracy  eaa 
be  determined  for  anv  speed  within  six  per  cent  fast  or  slow,  reading  same 
directly  from  the  table  without  any  calculation  whatever. 

(2)  If  it  is  desired  to  test  a  five-ampere  General  Electric  meter  the  load 
can  be  adjusted  to  give  say  —  two  revolutions  at  light  load  and  thirty 
revolutions  of  the  disk  at  heavv  load  in  approximately  one  minute's  time. 
If  the  meter  is  correct  the  standard  will  show  1.8  and  27  revolutions  respeo- 
tively.    If  the  standard  shows  1.85,  the  service  meter  is  three  per  cent  alow 


tm 


LOAD 


PORTABLE 
STANDARD 
INTEGRATING 
WATTMETER 


meoRA 
mrrmrBRi 


Fto.  30.    Connections  for  Checking  Service  Meter  with  Portable 
Standard  Integrating  Wattmeter. 

at  light  load.     If  the  standard  shows  1.75  the  service  meter  is  three  per 
oent  last  at  light  load. 

(3)  It  it  is  desired  to  test  a  five-ampere  Fort  Wayne  meter  the  load  can 
be  adjusted  to  the  same  value  as  with  the  General  Klectrio  meter.  If  the 
meter  is  correct  the  standard  will  show  1.5  and  22.5  revolutions  respectively. 
If  the  standard  shows  1 .54  the  service  meter  is  three  per  oent  slow  at  ligtit 
load.  If  the  standard  shows  1.45,  the  service  meter  is  three  per  cent  fast  at 
light  load. 

If  it  is  desired  to  test  three-wire  meters,  the  standard  should  be  con» 
nected  into  the  drouit  with  one  side  of  the  meter  under  test,  the  other  side 
of  the  circuit  being  left  open.  When  the  test  ia  conducted  in  this  manner 
the  pointer  of  the  standard  wiQ  revolve  at  a  rate  twice  as  fast  as  the  disk 
of  the  meter  under  test,  which  has  butone>half  of  its  current  winding  in  use 
during  the  test.  To  effect  a  direct  comparison,  the  number  of  revolutions 
made  oy  the  meter  bing  testeed  should  be  multiplied  by  two. 

Testtnff  BEetem  for  Acenmcj  oa  IJMlnctfve  liOMU.— When 
it  is  desired  to  test  meters  for  inductive  load  accuracy  the  neoessaiy  load 
may  be  obtained  in  one  of  several  ways  as  outlined  bdow: 

For  obtaining  the  inductive  load  from  a  single-phase  circuit  a  set  of  two 
or  more  five-ampere  reactance  coils,  such  as  are  used  in  the  multiple  A.  C. 
are  lamp,  will  be  found  convenient.  The  coils  can  be  arrangea  to  give 
almost  any  current  value,  when  used  on  a  110- volt  drouit.  up  to  25  am- 
peres by  means  of  series  parallel  connections.    The  taps  wfaieh  are  broogtit 
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LDtat  nnmaroui  Doints  tn  oicful  In  obuining  oIoM  adjiutmoiti  of  eumnt 
Vkhis.  Fig.  31  miutnM  a  mathod  of  oonaeolion  for  lue  in  I«tin(  meUm 
on  inductiva  liMuli,  the  poirar  fKotiir  of  which  can  b«  dirMtly  delernuaed  by 
a  powei^BCtor  meter  or  by  the  uh  of  sn  Bizuneter.  volUneUr  ind  watt- 
meter conaeoled  in  cinuit  ss  inOicated. 

HctkMl  of  TewtlHf  Barrlce  Hstcr  for  IndBCtlTe  X— J 
AoeanMir. — To  oonduai  this  Mat.  the  narvloBmetflrihould  ba  loadad  to  lis 
fun  cunaot  eapttdtv  aa  indicated  by  the  ammeter.  The  lamp  load  and 
iodustive  loail  ahould  be  ao  adjuatsd  ae  to  Kive  a  reuKni  on  iha  wattmatar 
•qual  to  oo^half  of  the  voll-ampere  readinz  aa  Bhowa  by  the  readica  at 
the  ammeter  multiplied  by  the  voltafa  at  the  oiisuit.  It  a  itandud  indi. 
oatiu  TOttmeta'  i>  used,  the  <ntt  value  ia  atonoeappanat.  It  the  rotatinc 
atandard  iDtecratinc  meter  ia  lued,  hawevar,  the  approximate  vrattv^lua  may 
be  obtainod  b;  notlnf  the  apaed  cf  the  pointer  which  should  rotate  one-haft 
aa  faat  M  it  would  if  the  aame  volt-«iiiparea  were  applied  at  unity  powei 
(actor.    The  tuU-load  apead  of  the  rotatiac  >bu)dani  opcntioc  at  Ifae  etw 


Induottre  Load  From  81ii^B-Phu«  Cinnilt. 


not  mkI  vohsca  marked  apon  tb«  dial  ia  12)  R.PJf ..  at  a  power  faoler  of 
60  par  seat,  mth  thia  method  of  testioE  on  induotiva  load  at  a  power 
(actor  of  00  par  oant,  it  (•  nsoaaeary  to  talie  oamporacive  nadiiiBB  the  same 
aa  in  Iha  ottUnary  teat  of  meten. 

•kMaliir  MMdmvtti^  1.— d  ftwa  Xws-Pkud  CtrcBUa.— Aa 
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or  inlesratinc  meter  ahoold  bo  in  oiniuil  durinc  this  le 
twiH>baM  surrent  bciiic  exaatly  in  quadrature. 

If  the  atandard  ihowa  any  load  the  current  should 
(nsertiag  a  eufGcient  number  of  lampa  In  the  phase  B  ci 
Inductance  can  be  inserted  in  the  series  drcuit  of  the 
to  seouie  the  proper  pbase  relation 
lo  iwwM  llw  primary  or  tt^pdatf 
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B.    When  the  phase  displacement  is  exactly  90  desrees  the 
should  not  show  any  load. 

The  above  condition  of  aero  power  factor  or  quadrature  may  also  be  ob- 
tained from  a  balanced  three-phase  circuit  by  connecting  the  meter  as  abowa 
in  Fig.  33  with  the  current  coils  in  phase  A,  taking  Uie  potentiid  acro^ 

E bases  B  and  C,  the  load  being  placed  between  phases  AB  and  AC.  llua 
tad  must  be  the  same  (balanced)  on  each  phase  to  obtain  the  desired  result. 
Another  method  of  obtaining  this  condition  from  a  three-phase  eireoit  ie 
to  transform  from  three-phase  to  two-phase  and  connect  the  meter  into  the 
two-phase  circuit  as  shown  in  Fig.  34.  This  method  necessitates  the  uee  of 
special  transformers  having  the  "Scott"  three-phase  to  two-phase  con- 
nections, but  in  some  cases  this  method  may  be  more  convenient  than  the 
method  shown  in  Fig.  33,  as  it  eliminates -the  necessitv  of  maintaining  the 
balanced  load  on  the  three-phase  circuit,  it  being  only  necessary  tohave 
one  lamp  bank  on  one  phase  of  the  two-phase  circuit  for  a  load.  Having 
obtainea  a  current  in  qjuadrature  with  the  potential,  the  test  should  be 
conducted  as  outlined  m  the  preceding  paragraph  describing  the  two- 
phase  method. 

Teetlnr  1^*  C.  Meters.— For  testing  D.  C.  meters  a  testing  arrange- 
inent  similar  to  that  shown  in  Fig.  31  may  be  employed  and  the  meters  tested 
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Fig.  32.     Obtaining  Inductive  Load  from  Two-Phase  Circuit  and 
Using  Integrating  Wattmeter  as  Standard. 

by  the  voltmeter-ammeter  method  or  by  the  indicating  wattmeter  method. 
The  reactance  coils  would  not  be  employed,  but  in  general  the  method  of 
test  is  the  same  as  for  A.  C.  meters  previously  described.  Owin|;  to  the 
rate  of  heating  being  different  for  the  shunt  circuit  and  the  disk,  it  is  neees- 
aary  that  the  meter  be  run  long  enough  before  test  to  allow  it  to  reach  its 
normal  operafine  condition,  which  is  approximately  15  minutes. 

Testinir  PoljplMMe  Service  meters.— As  the  polyphase  meter  is 
really  two  single-phase  meters  having  a  common  shaft  and  registering 
mechanism,  the  general  instructions  for  the  single-phase  meters  will  apply 
to  the  poljyphase  meters.  The  calibration  and  checking  of  these  meten, 
however,  is  necessarily  more  complicated  and  the  following  general  in- 
structions will  be  of  assistance  in  the  testing  of  this  type  of  meter. 

tn»<«rds  for  Testtnir  Polypliase  Meters.— As  yet  a  rotatinc 
standard  of  ths  polyphase  type  is  not  (December.  1907)  on  the  msfkat.  end 
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be  ooDoeetfld  la  eeriee,  Id  whioh  oHe  the  eervlae  >od  teet  meter  dialm  '■  t> 
nTolve  Bt  the  ume  ipeed. 

Mots: —  In  ell  tats  c/  polyphase  meten  both  potsntlkl  ootls  mint  be 
cooiMOted  in  dreuit  end  spBrnied.  Potyphue  melen  gfaould  be  given 
the  lame  teats  Kl  light  Bad  (ulTload!!  ss  the  ningle-phue  meleTS  and  the 
■enu  idiiwtmeritB  apply, 

■•rric*  CvuMcHoiH  of  Palypkaee  IMMcn.  —  Great  oBta  sbonM 
beflkflrflised  in  thoinstBllBtion  of  puly phase  rneteni  to  inaurt  the  Aonnectiona 
banc  nuide  exactly   in  uoordanw   with   the  proper  diagnms.    This  ia 
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—  . — -. a  eale  plan  to  try  out  polyphase  metei 

flouteflticDS  by  alternately  opening  the  aidn  of  the  laenauriDC  elementi 
end  noting  that  the  digk  ntam  inthe  rorward  direotion  in  each  cam,  unle* 
(he  power  faoter  li  dehuitely  known.     If  the  meter  ■hooid  be  connected  ti 
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a  three-phaae  circuit  operating  at  a  poww  factor  d(  len  thao  50  per  oent, 
one  element  should  cause  the  disk  to  rotate  backwards,  and  if  the  aoove  teat 
alone  is  depended  upon  when  installing  the  meter,  it  is  very  probable 
that  the  average  man  installing  the  meter  under  these  oonditioos  would 
reverse  the  side  rotating  backwards,  thus  introducing  an  enormous  error  as 
the  power  factor  of  the  circuit  changed.  It  is  also  poesible  to  so  connect  a 
polyphase  meter  that  it  will  run  in  either  the  forward  or  reverse  direction 
on  both  elements  regardless  of  the  power  factor,  the  meter  either  running 
faster  or  slower  than  it  would  on  unity  power  factor,  depending  upon  the 
phase  relation  of  the  particular  connection  used. 

The  action  of  two  single-phase  meters,  or  the  two  single-phase  •lements 
of  a  pohrphase  meter  operatmg  upon  a  three-phase  circuit,  may  be  explained 
by  the  following  vector  diagrams. 

Figure  39  shows  the  phase  relations  between  the  current  and  potential  of 
each  single-phase  element  when  ooerating  on  a  three-phase  circuit  at  unity 
power  factor,  one  meter  element  having  its  series  oou  in  A  and  its  poten- 
tial coil  across  AC  and  the  other  element  having  its  series  coil  in  B  and  its 
potential  coil  across  BC.  From  this  diagram  it  will  be  seen  that  the  cur- 
rent in  phase  A  is  displaced  30  degrees  from  its  respective  potential  AC  and 
the  current  in  phase  a  is  also  displaced  30  degrees  from  its  potential  BC, 


Fio.  39. 


Fio.  40. 


but  in  the  opposite  direction  from  that  in  phase  A,  thus  fpving  the  effect  cC 
a  lagging  current  in  phase  B  and  a  leading  current  in  phase  A.  the  resultant 
being  zero  displacement,  or  unity  power  lactor,  on  the  three-phase  oirooit. 
From  this  it  will  be  seen  that  at  unity  power  factor  on  the  three-phase  cir- 
cuit each  single-phase  element  of  the  poljrphase  meter  will  operate  at  the 
same  speed,  each  element  operating  at  a  single-phase  power  factor  of  about 
86  per  cent,  or  the  cosine  at  30  degrees. 

Figure  40  shows  the  condition  existing  when  the  current  in  the  three- 
phase  circuit  lags  30  degrees  or  is  operating  at  a  power  factor  of  86  per  cent. 
From  this  diagram  it  wUl  be  seen  that  the  current  in  phase  B  laff  behind 
its  respective  potential  BC  30  +  30  degrees  or  60  degrees,  while  the  cui^ 
rent  in  A  has  been  brouf;ht  exactly  in  j^hase  with  its  respective  potential 
AC.  This  gives  a  condition  where  one  single-phase  element  is  operating  at 
a  power  factor  of  50  per  cent  (or  cosine  of  60  degrees),  while  the  other  el»> 
ment  is  operating  at  unity  power  factor,  its  current  and  potential  being 
exactly  in  phase.  ITnder  this  condition  one  element  will  run  twice  as  fast 
as  the  other.  Ox,  Ou  and  Oi  show  positions  of  three-phase  current  with 
30  degrees  lag.  To  show  phase  relation  of  each  current  with  its  respeetive 
voltage.  Ox  is  rotated  about  center  A  instead  of  O  and  faOs  in  phase  with 
its  voltage  AC.  Current  Oy  is  rotated  about  center  B  and  falls  60  degrees 
behind  its  voltage  BC. 

Figure  41  shows  the  condition  met  with  when  the  current  in  the  three- 
l^ase  circuit  lags  60  degrees  or  is  operating  at  a  power  factor  of  50  per  cent. 
From  this  diagram  it  will  be  seen  that  the  current  in  phase  B  lags  its  i«- 
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■peotive  potential  BC  60  +  30  degrees  or  90  degrees,  while  the  ottirent  in 
phase  A  lags  its  potential  AC  60  -  30  degrrees  or  30  degrees.  This  gives  a 
oondition  where  one  single-phase  element  is  operating  at  aero  power  factor 
or  cosine  of  90  degrees,  while  the  other  element  is  operating  at  86  per  cent 
or  cosine  of  30  degrees.  Under  this  oondition  one  element  has  stopped, 
the  other  element  doing  ail  the  work.  For  clearness  in  showing  phase 
relations  the  centers  of  rotation  of  the  currents  are  changed  as  in  Fig.  40. 

Figure  42  shows  the  condition  met  with  when  the  current  in  the  three- 
phase  circuit  lags  90  degrees  or  is  operating  at  a  power  factor  of  sero.  From 
this  diagram  it  will  be  seen  that  the  current  in  phase  B  lags  its  respective 
potential  BC  90+30  degrees  or  120  dmees,  while  the  current  in  phase  A 
lags  its  respective  potential  AG  90  —  isO  degrees  or  60  degrees.  Ai  the 
angle  of  lag  in  phase  B  now  exceeds  90  degrees,  the  cosine  of  the  angle  is 
the  same  as  the  sine  of  the  difference  between  the  angle  and  90  degrees,  in 
this  case  minus  30  degrees,  giving  a  power  factor  of  minus  50  per  cent  in 
phase  B  and  a  power  factor  of  plus  50  per  cent  in  phase  A.  From  this  it 
will  be  seen  that  at  sero  power  factor  of  the  three-pnase  circuit,  one  single- 
phase  element  of  the  meter  will  try  to  operate  at  hiuf  speed  in  one  direction 
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while  the  other  element  is  trying  to  operate  at  half  speed  in  the  opposite 
direction,  the  resultant  of  these  two  equal  forces  acting  m  opposite  directions 
being  sero;  hence,  the  meter  as  a  whole  will  not  move. 

From  the  preceding  explanation  of  the  phase  relations  of  single-phase 
meters  used  on  a  three-phase  circuit,  it  will  oe  apparent  that  the  energy  of 
a  three-phase  circuit  cannot  be  measured  by  the  use  of  one  standard  single- 
phase  meter.  It  also  shows  why  it  is  extremely  important  to  have  the 
poljrphase  meter  connected  into  the  circuit  in  accordance  with  the  proper 
diagrams  as,  owing  to  the  fact  that  one  element  of  the  polyphase  meter 
should  tend  to  reverse  its  direction  of  rotation  on  a  power  factor  of  less  than 
50  per  cent,  it  is  not  safe  to  depend  upon  the  direction  of  rotation  of  each 
element  separately  to  determine  whether  or  not  a  meter  is  connected  into 
the  circuit  properly  unless  the  power  factor  is  known. 

The  general  scheme  of  connections  for  correctly  connecting  a  polyphase 
meter  to  measure  the  energy  of  a  three-phase  circuit  is  shown  in  Fig.  43, 
the  current  coil  of  one  element  being  connected  in  line  A  and  its  poten- 
tial across  A  and  B,  the  current  coils  of  the  other  element  being  connected 
in  Une  C  and  its  potential  coils  across  B  and  G. 

If  a  meter  should  be  connected,  as  shown  in  Fig.  44,  with  the  current  coil 
of  one  element  in  line  A  and  its  potential  across  A  and  C  and  the  current 
of  the  other  dement  in  line  G  with  its  potential  coil  across  B  and  G,  both 
atements  of  the  meter  will  run  in  either  the  forward  or  reverse  direction  at 
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all  values  d  power  factor  at  equal  speeds,  and  will  be  either  fast  or  alow  oe 
all  power  faotors  other  than  unity,  depending  on  the  phase  relations  of  the 
partioular  connection  used.  This  erroneous  connection  should  be  eaf»> 
fully  guarded  against,  and  it  will  be  readily  seen  that  this  condition  oannot 
be  detected  by  the  common  method  used  of  opening  one  ade  of  the  meter 
at  a  time  to  determine  that  the  meter  runs  in  the  forward  direction  on  each 
element  alone. 

The  effect  of  the  connections  shown  in  Fig.  44  can  be  seen  by  referring  to 
Fig.  46.  If  one  series  element  of  the  polyphase  meter  is  conneeted  in  at  A 
and  its  potential  element  connected  across  AC,  and  the  other  series  claneot 

CtfiTiiftCoti 
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Fro.  43. 

connected  in  at  B  with  its  potential  element  connected  acroaft  BA.  wiieti 
operating  under  80  decrees  lag  the  currents  Ox  and  Oy  will  be  shifted  so 
that  both  will  be  in  phase  with  their  volta|pe  and  U>e  meter  will  j-un  in  a 
forward  direction  faster  than  it  will  at  unity  power  factor  of  the  three- 

f>hase  circuit.     With  one  series  element  of  the  meter  connected  in  at  A  and 
tB  potential  element  connected  across  AB  and  the  other  series  eleoMat 
connected  in  at  B  and  its  potential  element  connected  aoroas  BC,  the  our- 

Current  Coll  b 

VNAAA— - 


-VNAAA 


Potontlal  CoU 


LOAD  t    ^  ■  *^     LINE 

Paf^ntfaJ  Coll 


Current  Coll 

Fio.  44. 

rents  will  be  shifted  so  that  both  Ox  and  Oy  lag  behind  their  respectiTe 
voltages  and  the  meter  will  consequently  run  slower  than  it  will  at  unity 
power  factor  of  the  three-phase  circuit. 
Practical    Metkoda   af  CSbcckiiv  Gaaacctiaaa  mt  Palj- 

Rhme  Mcten.  —  In  cases  where  it  is  not  positively  known  that  the  power 
ictor  is  above  50  per  cent,  the  following  method  may  be  used,  which  is 
based  on  the  fact  .tnat  the  sum  of  the  two  readings  should  be  positive,  so 
long  as  the  power  is  in  the  positive  direction.  When  the  currents  in  the 
voltage  Mid  series  coils,  as  Indicated  by  the  dock  diagram,  are  in  the  same 
direction,  or  within  90  degrees  of  being  in  the  same  direction,  the  meter  will 
read  forward.  When  the  current  in  the  series  coil  is  more  than  fiO  degrees 
out  of  phase  with  the  voltage,  the  met«r  will  reverse. 

Firtt.    By  proper  testing  with  an  incandescent  lamp  or  a  voltmetet; 
obtain  three  voltace  leads.  A,  B,  C.  having  equal  voUages  beti 
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Second.    OonneoC  these  leads  to  the  voltace  drouite  of  the  wattmeten 
I  per  Fig.  43. 

Third.    Oozmeot  the  series  tmnsfonner  at  A  to  meter  whose  potential 

is  connected  to  AC,  and  series  trans- 
former at  B  to  meter  whose  potential 
is  oonnected  to  BC.  See  olock  dia- 
gram (Fig.  46)  giving  the  phase  rela- 
tions. In  this  diagram,  AC  repre- 
sents the  voltage  on  meter  connected 
at  A,  BC  the  voltage  on  meter 
connected  at  B.  OA  the  current  in 
meter  connected  at  A,  and  OB  the 
currant  in  meter  connected  at  B. 

Fourth.  Change  voltage  connec- 
tion from  AC  to  AB  on  meter  con- 
nected at  A.  If  power  factor  is  100, 
the  readingi  will  oe  alike  with  both 
connections.  If  the  power  factor  is 
less  than  100  and  greater  than  50, 
the  readingi  will  differ,  but  be  in  the 
same  direction  (either  both  positive  or 
both  negative).  If  equal  to  50,  one 
of  the  readingi  will  be  seco.  If  less 
than  50,  the  readings  with  connec- 
tions AC  and  AB  will  be  rovened  in 
direction,  with  respect  to  each  other. 
FiMi.  The  same  test  may  be  performed  on  meter  connected  at  B.  by 
changing  the  voltage  connections  from  BC  to  BA.    If  the  power  factor 


Fio.  45. 


B40 


B50 
B«0 


Fxo.  46. 

OA  oarrSDt  in  meter  at  A  100  per  cent  P.P. 

8 A  60  currant  in  meter  at  A  60  per  cent  PS. 
A  50  current  in  meter  at  A  50  per  cent  P.F. 
OA  40  current  in  meter  at  A  40  per  cent  P.F. 
OB  current  in  meter  at  A  100  per  cent  P.F. 
OB  60  current  in  meter  at  A  60  per  cent  P.F. 
OB  50  current  in  meter  at  A  50  per  cent  P.F. 
OB  40  current  in  meter  at  A  40  per  cent  P.Ft 
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is  100,  the  rfladin/n  will  be  alike.  If  less  than  100  and  more  than  BL 
the  readings  will  dmer,  but  be  in  the  same  direction.  If  equal  to  fiO,  one  a 
the  readinei  will  be  aero.  If  less  than  50.  the  readines  with  eon 
BC  and  BA  will  be  reversed  in  direction  with  respect  to  each  other. 

8v^.    If  it  is  found  from  the  above  tests  that  the  power  factor  is  _ 
than  50,  connect  the  series  coil  of  the  meters  so  that  both  read  fdrwmrd 
If  the  power  factor  is  less  than  50,  connect  the  series  coil  of  the  slower 
meter  so  that  meter  reads  backward,  and  the  series  coil  of  the  faster  meter 
so  that  it  reads  forward. 

The  above  description  indicates  the  use  of  two  single-phase  meten,  bat 
holds  equally  true  for  a  polyphase  meter  oonsistinc  of  two  aincle-phaae 
meter  elements  driving  the  same  shaft. 


Below  will  be  found  the  formula  and  testing  constants  to  be  used  in  coif 
junction  with  the  testing  methods  described  on  pages  1013  to  1023. 


■la  for  Teatinc  <!*•  SlwUenlMrrer  Anspe 


To  Tdl  the  Exact  Current  Flowing  ot  any  Time, 

Note  the  number  of  revolutions  made  by  the  small  "  tell-tale "  index  of 
the  rei^ter  dial,  in  a  number  of  seconds  equal  to  the  constant  of  the  meter. 
The  number  df  revolutions  noted  ^11  correspond  to  the  niunber  of  amperes 
passing  thiDUf^  the  meter.  For  example:  the  20-ampere  meter  constant  is 
63.3:  if  the  mdex  makes  10. revolutions  in  63.3  seconds,  10  amperes  are 
passmg  through  the  meter.  In  order  to  avoid  erron  in  readinn,  it  is  ous- 
tomary  to  talra  the  number  of  revolutions  in  a  longer  time,  say  120  seooiids. 
using  the  following  formula: 


No.  of  Rev.  X  Meter  Constant 
No.  of  Sec. 


■■  Current. 


If,  therefore,  the  index  of  a  20-ampere  meter  makes  10  revolataoDB  in  120 
seconds  the  current  passing  is 

19   X  63.3       -^ 

-— —  ■>  10  amperes. 

The  cover  should  be  left  on  the  meter  while  these  readinn  are  taken. 
The  constants  of  the  different  capacity  meters  are  given  below: 


Meter  Capacity. 
Amperes. 

Calibrating 
Constant. 

Meter  Capacity. 
Amperes. 

Calibrating 
Constant. 

5 
10 
20 
40 

22.5 

33.8 

63.3 

126.6 

80 
120 
160 

253.1 

386 

500 

nla  for  ftfcnll— b»iycr 


TeatlniT  F^ 


The  standard  formula  for  testing  all  tjrpeB  and  capadtSet,  when  using 

j> 

indicating  standards  and  stop  watches,  is  Watte  —  ^  i?  in  whioh: 

R  —  Number  of  complete  revolutions  in  time  T. 
T  —  Time  in  seconds  required  for  revolutions  A. 
K  «  Jonstant. 

The  constant  *'  K  **  varia  with  different  types  and  capadtjee  as  oatfined 
on  the  following  page. 
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.  —  In  all  oases  the  volt  and  ampere  values  used  with  the 
formula  are  those  marked  on  the  meter.  The  fulMoad  speed  of  IVpes 
"B*'  and  "C"  meten  is  25  R.P.M. 

Vall-I<aa€l  Speeds. — The  full-load  speed  of  Shallenbereer,  Westing- 
house,  Round  Pattern  and  Type  "A"  Single  and  Polyphase  Wattmeters  is 
60  R>JI.  The  fulMoad  speed  of  Type  '^B"  single  phase  and  Type  "C" 
aioflde  or  poljrphase  wattmeters  is  26  R  J*  Ji. 

For  Sballenberger,  Westinghouse  Round  Pattern  Baek  Connected  and 
Type  **  A"  Meters  the  constant  "  K "  has  the  following  values: 

2-W%re  Meler8  (SingU  Phase), 

For  sdf-contained  meten  K  ■■  volts  X  amps.    X  1.2. 

For  meter  used  with  series  transformer  only  (but  checked  without)  K  ^^ 
volts  (as  marked  on  dial)  X  6. 

For  meter  used  with  series  and  voltage  transformers  (but  checked  with- 
out) X  -  600. 

For  meter  used  ^th  tranaformera  of  either  or  both  forms  (and  checked 
with)  K  i-  volts  X  amps.  X  1.2. 

S-TTtrv  Afe^s  (SingU  Phate)\ 

For  self-contained  meters  K  —  volts  X  ampe.  X  2.4. 
For  meters  used  with  series  transformers  only  (but  checked  without) 
K  i-  volts  X  6. 

Ttfpe  **A"  Pok/pha96  WaUmeten. 

For  self-contained  meters  K  ■>■  volts  X  amps.  X  2.4. 

For  meters  used  with  series  transformers  only  (but  checked  without) 
iT  -  5  X  volts  X  2.4. 

For  meters  used  with  series  and  voltage  transformers  (but  checked  with- 
out) K  i-  1200. 

For  meters  used  with  transformers  of  dther  or  both  forms  (and  checked 
with)  K  -  volts  X  amps.  X  2.4. 


Tke  Testtey  Conatust  <*  K  **  of  ITestlnirhoiue   Tjpea  *•  B  " 


__    incHi 

M  C  "  Meter*  la  isa  folfowa  t 

2-W%re  MeUn  {Single  Phase). 

For  self-contained  meters  K  —  volts  X  amps.  X  2.4. 

For  meters  used  with  series  transformers  only  (but  checked  without) 
K  -  volts  X  5  X  2.4. 

For  meters  used  with  series  and  voltage  transformers  (but  checked  with- 
out i?  -  5  X  100  X  2.4. 

For  meters  used  with  transformen  of  either  or  both  forms  (and  checked 
with)  K  i-  volti  X  amps.  X  2.4. 

S-Tfwv  Melen  (SinoU  Phase). 

For  self-contained  meters  K  *-  volts  X  amps.  X  4.8. 

For  meters  used  with  series  transformers  (but  checked  without)  K  ■■ 
volts  (as  marked  on  meter)  X  12. 

NoTB. —  When  the  voltage  marking  of  Westinghouse  three-wire  meters 
covers  both  the  voltage  between  neutral  and  outer  and  the  voltage  between 
outers  such  as  l(X)-200  volts,  K  -•  volts  (between  outside  wires)  X  am- 
peres as  marked  on  meter  X  2.4. 

TvP€  **C"  Polyphase  WtUtmeten. 

For  self-contained  meters  K  —  volts  X  amps.  X  4.8. 

For  meters  used  with  series  transformers  only  (but  diecked  without) 
K  -  6  X  volts  X  4.8. 

For  meters  used  with  series  and  voltage  transformers  (but  checked  with- 
out) K  -  2400. 

For  meters  used  with  transformers  of  either  or  both  forms  (and 
ohe^ced  with)  K  ■■  volts  X  amps.  X  4.8. 
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For  all  capacity  metcra  K  ■■  volte  X  ampe.  X  2.4. 

nla  for  Teattar  Ctoaiend  SleotHc 


The  standard  formula  for  testiDS  all  typts  and  oapaoitieB  iHien  uaii^ 


indicating  standards  and  stop  watohM  is  Watte*- 


3600  XKXR. 


S 


in  which: 


R  —  number  of  revolutions. 
S  ■"  number  of  seconds  in  which  revolutions  is  made. 
K  •«  calibrating  oon^ant  marked  on  dial  face  of  "non-direct" 
meters  and  on  disk  of  "direct"  reading  meters. 


mU  **>  K. "  and  Watte  per  RerolattOB  per  MlMWte 


Oapadty 
of 

100-120  Volte. 

200-240  Volte. 

500-600  Volte. 

Meters 

Watte  Per 

Watte  Per 

Watte  Pw 

in  Am- 

Testing 

Revolu- 

Testing 

Revolu- 

Testing 

Revolu- 

peres. 

Ck>nstant. 

tion  per 
Minute. 

Constant. 

tion  Per 
Biinute. 

Constant. 

tion  Per 
Minute. 

3 

.125 

7.5 

.25 

15 

.6 

30 

5 

.2 

12. 

.4 

24 

1. 

60 

10 

.4 

24. 

.75 

45 

2. 

120 

15      • 

.0 

36. 

1.25 

76 

3. 

180 

25 

1. 

60. 

2. 

120 

5. 

300 

50 

2. 

120. 

4. 

f      240 

10. 

600 

75 

3. 

180. 

6. 

360 

15. 

900 

100 

4. 

240. 

7.5 

450 

20. 

120O 

150 

6. 

380. 

12.5 

750 

30. 

1800 

300 

12.5 

750. 

25. 

1500 

60. 

360O 

600 

25. 

1500. 

50. 

3000 

125. 

7500 

Val»le  of  C^e 
■teuita  <*  ] 


tt 


leml  Blectrlc  A.  C.  Type  *»l[  '*  Teattaf  d 
and  Watte  per  Rerofotloa  per  miaate. 


Capacity 
of 

100-130  Volte. 

200-260  Volte. 

500-600  Volte. 

Meters 

Watte  Per 

Watte  Per 

Watte  P^ 

in  Am- 

Testing 

Revolu- 

Testing 

Revolu- 

Testing 

Revoto- 

peres. 

Constant. 

tion  Per 
Minute. 

Constant. 

tion  Per 
Minute. 

Constant. 

tJonPtar 
Minute. 

3 

.2 

12 

.4 

24 

1. 

00 

5 

.3 

18 

.6 

86 

1.6 

75 

10 

.6 

30 

1.25 

75 

3. 

180 

15 

1. 

60 

2. 

120 

.    5. 

800 

25 

1.5 

90 

3. 

180 

7.6 

460 

50 

3. 

180 

6. 

360 

15. 

900 

75 

5. 

300 

10. 

600 

25. 

1500 

100 

6. 

360 

12.5 

760 

30. 

1800 

150 

10. 

600 

20. 

1200 

50. 

8000 

200 

12.5 

750 

25. 

1500 

60. 

3000 

800 

20. 

1200 

40. 

2400 

100 

0000 

"naopniTptaw 

Hffton. 

100-iao  Volt.. 

200-280  Volt.. 

EOO-efiO  VolU. 

%sr 

%?*■ 

^S^ 

Wffl? 

».',- 

«',- 

CoiuCant 

S   . 

aw 

Note:  — TMtlngw 


pat  reToIntdon  of  dlak. 


■aola  r«r  TmUmc  Dbbcu 


ud  .top  «toh(B  la  WatU  -  — 


S  —  NiimbM'  cf  oompIMa  revolutio: 
B«.—  Tim.  in  Mooodi  ivquind  for  r 
K  -  Twtiiic  (mutuit  mukKl  on  n 


TmUu  0( 


C»p«ity 

100-126  VolU. 

200-2JSO  Volt.- 

450-660  Volto. 

Tatiog 

\\,ui:^ 

T«tii» 

\\..it.  „« 

T«tiDS 

sac 

Coa^ 

R.-..ln!inn 

Con- 

H^VM|,„i,jn 

Oon- 

Ampm.. 

X<-  MinulB 

p..TMinuMl 

P-MinnW. 

2i 

t 

i 

BO 

5 

1 

i 

eo 

7| 

t 

} 

1» 

BOO 

ss 

aoo 

340 

10 

aoo 

100 

20 

1,300 

ISO 

I 

30 

1,S00 

300 

1 

40 

3.400 

.600 

flO 

3,600 

30 

.800 

80 

4.800 

i 

3,000 

100 

6.000 

;.eoo 

9,600 

.,800 

12,000 

11200 

;ooo 

100 

6,000 

250 

15^000 

1,S00 

,000 

120 

,200 

SOO 

18.000 

2.000 

JOO 

leo 

,flO0 

3,500 

,000 

soiooo 

aSoo 

120 

200 

260 

1  ;ooo 

600 

36000 

4,000 

lao 

,soo 

300 

1  ,000 

800 

48,000 

6,000 

200 

12.000 

400 

24,000 

1,000 

2fi0 

1  ,000 

1,200 

?2;ooo 

g,«)0 

aoo 

18.000 

3  ;ooo 

i,aoo 

B6.000 

'0.000 

400 

34.000 

800 

4  .000 

2.000 

120.000 
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ELECTBICITY   METERS. 


The  table  given  below  will  be  found  convenient  in  showing  the  per 

fast  or  slow  which  a  meter  is  running  when  employed  in  conJunctK>n  with 

.     .  „  _,       .  ,      Watts  Constituting  Load      r.       «     «,, 

the  following  formula :  -7= — r. — j= r — i^r— sr-  =  Rev.  Per  Min. 

*  Testing  Constant  x  60 


Per  Ceat  Brror  Table  for  Ftftkn  of  a  Second. 


Time 

in 

Seconds 

Per  Cent 

Time 

in 

Seconds 

Per  Cent 

Time 

in 

Seconds 

Per  Cent 

Time 

in 

Seconds 

Per  Cent 

Fast 

Fast 

Slow 

Slow 

40.20 

49.25 

60.20 

19J$2 

60.20 

0.33 

70.20 

14.63 

.40 

68.51 

.40 

19.05 

.40 

0.67 

.40 

14.77 

.eo 

47.78 

.60 

18.58 

.60 

0.99 

.60 

ViSXi 

.80 

47.06 

.80 

18.11 

.80 

1.31 

.80 

15.26 

41.00 

46.34 

61.00 

17.66 

61.00 

1.63 

71.00 

15.60 

.20 

46.63 

.20 

17.19 

.20 

1.96 

.20 

16.73 

.40 

44.98 

.40 

16.73 

.40 

2.27 

.40 

15:96 

.eo 

44.23 

.60 

16.28 

.60 

2.60 

.00 

16.20 

.80 

43.54 

.80 

15.83 

.80 

2.91 

.80 

ie.43 

42.00 

42.86 

62.00 

16-38 

62.00 

3.22 

724X> 

16^ 

.20 

42.18 

.20 

14J4 

.20 

3A3 

.20 

isjm 

.40 

41.51 

.40 

14US0 

.40 

3.84 

.40 

17.12 

.60 

40.85 

.60 

14.07 

.60 

4.16 

.60 

17.35 

.80 

40.19 

.80 

13.64 

.80 

4.46 

.80 

17.56 

43.00 

38.63 

53.00 

13.21 

63.00 

4.76 

7SX)0 

17.81 

.20 

38.89 

.20 

12.78 

.20 

6.06 

.20 

18.08 

.40 

38.25 

.40 

12.36 

.40 

5.36 

M 

1&25 

.60 

37.61 

.60 

11.94 

.60 

6.66 

.60 

18.47 

.80 

36.98 

.80 

11.52 

.80 

6.96 

.80 

18.70 

44.00 

36.36 

64.00 

11.11 

64.00 

6.25 

74.00 

18.92 

.20 

35.75 

.20 

10.70 

.20 

6J>4 

.20 

19.14 

.40 

85.14 

.40 

10.29 

.40 

6.88 

.40 

19  J6 

.60 

34.53 

.00 

9.89 

.60 

7.12 

.60 

19.57 

.80 

83.93 

.80 

9.49 

.80 

7.40 

.80 

19.79 

46.00 

83.33 

66.00 

9.00 

66.00 

7.69 

76.00 

90.00 

.20 

32.74 

.20 

8.60 

.20 

7.97 

.20 

90.21 

.40 

32.16 

.40 

8.30 

.40 

8.25 

.40 

90.43 

.60 

31J>8 

.60 

7.91 

.60 

8.63 

.60 

20.61 

.80 

31.00 

.80 

7A3 

.80 

8.81 

.80 

90.84 

46.00 

30.43 

66.00 

7.14 

66.00 

9.09 

76.00 

21.06 

.20 

29.87 

.20 

6.76 

.20 

9.36 

.20 

21.36 

.40 

29.31 

.40 

6.38 

.40 

9.63 

.40 

21.47 

.00 

28.76 

.60 

6.01 

.60 

9.92 

.60 

21.68 

.80 

28.21 

.80 

6.63 

.80 

10.17 

.80 

21.88 

47.00 

27.66 

67.00 

6.26 

67.00 

10.44 

77.00 

22JI7 

.20 

27.12 

.20 

4.80 

.20 

10.71 

.20 

22.27 

.40 

26.58 

.40 

4J» 

.40 

lOJ^ 

.40 

22.38 

.60 

26.05 

.60 

4.17 

.60 

11.24 

.60 

28.68 

.80 

25.52 

.80 

3.81 

.80 

UJSO 

.80 

22^ 

48.00 

26.00 

68.00 

3.46 

68.00 

11.76 

78.00 

93416 

.20 

24.40 

.20 

3.09 

.20 

12.02 

.20 

93.2S 

.40 

23.06 

.40 

2.74 

.40 

12.28 

.40 

23.47 

.60 

23.45 

.60 

2.39 

.60 

12.63 

.60 

93.66 

.80 

23.15 

.80 

2.04 

.80 

12.79 

.80 

93.86 

48X)0 

22.46 

69.00 

1.69 

69.00 

13.04 

79.00 

9ftjQ6 

.20 

21.95 

.20 

1.35 

.20 

13.29 

.20 

9I.2( 

.40 

21.46 

.40 

1.01 

.40 

\ZM 

.40 

91.43 

.60 

20.97 

.60 

0.67 

.60 

13.79 

.60 

94.6S 

.80 

20.48 

.80 

0.33 

.80 

WJA 

.80 

91.81 

80.00 

20.00 

60.00 

0.00 

70.00 

14^ 

80.00 

26.60 
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Example.  —  If  the  revolutions  to  be  made  in  one  minute  are  completed 
in  exactly  60  aeoonda  the  speed  is  oorreot  and  the  per  cent  error  is  zero,  out  if 
the  revolutions  were  made  in  57  seconds  then  the  meter  is  runninc  5^  per 
cent  fast;  if  completed  in  58.4  seconds  it  is  2.74  per  cent  fast.  When  the 
time  exceeds  60  seconds,  the  meter  is  slow.  If  it  requires  63  seconds  it  is 
4.76  per  cent  slow:  if  64.6  seconds  it  is  7.12  per  cent  slow.  The  per  cent 
error  will  be  found  in  the  column  after  the  time  in  seconds.  The  seconds 
columns  are  divided  into  fifths  of  a  second  so  as  to  conform  to  most  stop 
watches  whose  seconds  are  split  to  fifths. 


■la  for  TestlBir  Wort  ITajve  Type  •«&*'  ITattHietor. 

The  standard  formula  for  testing  all  types  and  capacities  when  using 
indicating  standards  and  stop  watch  is  Watts  —  ' ^— . 


VableH  of  Values  of  Coniitont  *"  K  **  for  1>lff«r«nt  Cm 
Ities,  Tjptt  *<]£"  Vort  W^ajme  StB«>le-PliaM«  Meton»: 


(For  meters  whose  serial  number  is  344,999  or  less.) 


Am- 

2-Wire 

2- Wire 

2-Wire 

3-Wire 

2-Wire 

2-Wire 

2-Wire 

50  V. 

110  V. 

220  V. 

220  V. 

550  V. 

1100  V. 

2200  V. 

peres. 

"  K." 

"K." 

•K." 

"K." 

"  K." 

"K." 

••  K." 

3 

•  •  • 

9 

18 

18 

45 

90 

90 

5 

9 

9 

18 

18 

45 

90 

180 

7J 

a    •    • 

•   •  • 

«   •  • 

27 

•   •   • 

•  •  ■ 

•  •  • 

10 

9 

18 

36 

36 

90 

180 

360 

15 

18 

36 

54 

54 

180 

360 

540 

20 

18 

36 

72 

72 

180 

360 

720 

25 

18 

36 

72 

72 

180 

360 

900 

30 

36 

72 

90 

90 

360 

720 

1.080 

40 

36 

72 

108 

108 

360 

720 

1.440 

50 

36 

72 

144 

144 

360 

720 

1.800 

60 

54 

108 

180 

180 

540 

1,080 

2,160 

75 

54 

108 

216 

216 

540 

1.080 

2,700 

100 

72 

144 

288 

288 

720 

1,440 

3.600 

125 

90 

180 

360 

360 

900 

1,800 

4,500 

150 

108 

216 

432 

57B 

1,080 

2,160 

5,400 

200 

144 

288 

576 

1,440 

2,880 

7,200 

250 

180 

360 

720 

720 

1.800 

3,600 

9.000 

300 

270 

540 

1,080 

1,080 

2.700 

5,400 

10,800 

400 

360 

720 

1.440 

1.440 

3,600 

7,200 

14.400 

500 

450 

900 

1,800 

1.800 

4.500 

9.000 

18,000 

600 

540 

1,080 

2,160 

2,160 

6,400 

10.800 

21,600 

800 

720 

1.440 

2,880 

2,880 

7.200 

14,400 

28,800 

1,000 

900 

1,800 

3,600 

3,600 

9,000 

18.000 

36,000 

Use  these  Constanta  for  High  Torque  Meters. 


15 
30 


13 
2 


^ 


27 
54 


54 
90     • 


54 
90 


135 
270 


270 
540 


540 
1.080 


SLECTRrClTT   HBTBHS. 


„„» 

2  Wiw 

3- Wire 

2-Win 

2-W- 

pe™. 

'•."k> 

??Si. 

!?i> 

1?"k^- 

"  K". 

"K." 

^^>:- 

M 

1.440 

28:800 

I  Dumb«r  k  344.000  oi 


ol«. 

i^p^t;- 

T7 

go 

180 

1,000 

■'"  '""'^ 

r.'xioi' 

SAXQAMO    METERS. 


(For  oeMn  whosa  seriftl  niunbar  is  3- 


Y 

olU. 

144 

.60 

28:800 

muin  for  obbumna  h 
rved  watM  ^« 


mtl-hour.    The  msthod  oT 


.  msthod  or  uaiDC  th»e  v&]u«  of  "K,"  Che  foi^ 
speed  at  tay  load  ii  limplc.     Thiu  If  W  eqiwls 


oliearved  mtt4  ofloed,  8  equaLi  oorreot  time  in  eeoonde  for  one  rt 
■  mBoqiiih  "K'^driidedby  W.     It  ff  i.  the  obwrved  time  in  m 

-t  ....     .. mlMB  (rf  error  equah  B"  a'—-  °    j<-'j- 

vt,  IBS  meter  is  f a  "  '•-■-- 


inds  (or 


, ,. - i,  divided  by  ff. 

ir  this  quutity  is  aegktivtt,  Uie  meter  is  tut,  if  the  quantity  is  poaitive,  ths 
meter  is  slov. 

Nora.  — The  vslueof  "K"  u  Eiveo  below  win  ■!»  apply  in  nil  cues  to 
the  new  eJIemetinc-oumnt  meter,  type  "F."  eicept  for  the  S-unpere, 
110-volt  type,  which  will  have  "K"  equels  1800.  end  tor  (lie  6-UDpcn  230- 
volt  type,  it  will  have  "K"  eqiwls  3800. 


Amptts. 

lOO-lMVoKs 

200-2aOVolte 

».^»™. 

6 

a.400 

4.S00 

12.000 

300 

KLECTKICITY   KBTZKfl. 


-kpp&mit,  QUBiu  flf  ob- 
taining thtM  n)D»Rls  ■uMwiwrioHr 
are  demubded.  B« verml  diffetCDt  focm 
have  been  developed  by  vmrioua  id*si» 
faoturen  and  those  deseribed  bania 
sprteentative  oi  Amerl^kii    prafr 


The  reeurdlnc  pen  E  I 
notly  to  (he  Bpiing  supp 
point  in  arranffed  to  u&iuj 
tevoMng  chart,  driven  njr  d 


Fra.  4B.    Oenana  Eteotris  Curve  Diaviiic  Uetw. 
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BupporUns  itraatnia,  tniwmittod  to  tha  nnonUiiB  poa  B,  tlia  paiai  at 


„, , i  unuiture  wfaloh  ia  a . 

atationuT  «il  mnd  thnxish  ft  radsUasa  to  lins.  01  oouna  It  ibonbl  M 
undentoad  tbM  tba  lUeionuy  ooik  of  unmetwa  an  wound  with  onn- 
pualiTcly  hcBvr  win  uid  the  voltmetM-  ooUs  with  oompUBtivelji  So*  win- 
H^Crle-Pfeaae  irattaiMan.— TbBinittiaat«roonatniationi*Biiii]u 
to  that  of  ths  voltsMtar.  exowtthattheBtatlooAryoDiliBwound  with  wine* 
sufBolait  oapadty  t«  oury  thii  ourittit  to  ba  nwunnd.  The  BKniiic  ooQ 
ii,  thn>u(h  ■  ttdatano*.  oonikaated  dlreotly  aaron  tha  Una,  or,  in  biBi- 
»padty  kllaraatiikc-cuTrant  oirauita  la  opontad  (rom  tha  aaooDOuy  a  a 


Cl«aa>*l  HlaMrlc  CmyUe  B«»rdlMr  Haton. 

Picun  48  UhHtnlCB  tha  O.  E.    "Curve    Drawins    lutnunenti."     Tha 

roeuira  an  mada  aa  ammetan.  voltmatao,  lin^e-phBaa  and  polyphaaa 
wattmatm,  all  bavln«  the  eame  ■e&anl  ^inuBDoa. 

rrlBelpI*  af  ilMraMaB.— Tha  vaitmataia  and  wattmatan  work 
upDD  tha  wdl-known  SiaDuna  Dynamomate"  piinoipla,  amployiiiB  fizad 
and  moTliic  oola.  Tha  anunatan  ara  o(  (hs  "lUcnetiD  Vana  Tyjie,"  em- 
ploying anlniD  atmaiun  nupcodad  within  two  fimd  ooila  whioh  eairy  tha 


uapcodiBd 
■."^^lis.  40  UlivtratM  (h« 
>  Flxad  ooilg  oonseetad 
B  —  Ironaimaturaauapaodad 


aid  of  abatt  D. 

D  —  SuapAdcd  alMlt  eany- 
inc  armatole  B,  oootrolaprinc 


( 


I  penauppirl 
■•  OoDtrol  or 

F  —  Soapwirioa  win  oa 
ins  movinff  tianoit. 

Q  —  Suppottjns  tnraa  ' 
ryiu  pivotad  pan  ann  U. 

H  —  BprfaiE  oontrallad 
arm  pivotM  at  I  and  oarrj 
glaafl  pan  IL 

t  —  Pivoted  BUivort  (or  ,n-i 

J  —  Conlral  ipriu  holdlnc 
pen  Bcalnat  tha  raoord  dun  L. 

K  —  Raaordiiic  tfaaa  pai  baarinc  on 

'  —  Raoord  dart  driven  by  dook  m , ,. 

-" '  ^— "-T.  —  Tha  aimatun  B  ia  »  losated  in  ntetioa  to  the 


BLEOTBICITY 


^^.  ei.     OiMnupm»ao  Skatck  of  WMtinfbonM  OnpUo  VoHmM^ 
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A— B— O— D  -  Fixwi  coib. 

£ — ^F  wm  Movable  ooils  mounted  on  aupportinc  stnioture  pivoted 

atO. 
G  ^  Rvotod  support  of  E — ^F. 
H  ■-  Upper  adjustable  rday  oontaot. 
I  ■-  Lower  adjustable  relay  contact. 
J  ■-  Movable  relay  contact  attached  to  movable  element  B*^ 

P. 
K  —  Pen  aotuatins  electromacnet  (left  hand). 
K'  i-  Iron  core  of  K. 

L  —  Pen  aotuatinc  electromacnet  (rii^t  hand). 
L'  i-  Iron  core  of  L. 
M  ■-  Ann  suiM;>orting  iron  cores  pivoted  at  N  and  conneotinc 

O  by  pin  bearing  P. 
N  *  Pivoted  bearing  for  M. 
O  ■-  Pen  arm  connected  to  M  by  pin  bearing  P  and  provided 

with  gmde  slot  at  upper  end  which  bears  on  stationary 

guide  pin  R. 
P  ■-  Fin  bearing  connectinjg  11  and  O. 
R  ■-  Stationary  guide  pin  for  O. 

S  -■  Recording  pen  arranged  to  psss  across  a  suitable  mov- 
ing record  paper  T. 
U  "■  Helical   spring    connecting   movable   coil   system   and 

movaUe  pivoted  supporting  arm  M. 


JLcti<ni  •€  Hetevs. — The  system  of  fixed  and  measuring  ooQs  is  so 
arranged  that  when  current  flows  throufl^  them  the  left-hand  coil  B  Is  re- 
pellea  by  A  and  attracted  by  B,  the  right-hand  coil  F  being  repelled  by  D 
and  attracted  by  C.  Amuming  the  recording  pen  to  be  at  sero  position  on 
the  diart  and  connection  made  to  rday  andf  measuring  dromts  through 
binding  posts  Nos.  1,  2,  3  and  4.  it  wUl  be  seen  that  the  movable  ss^tem 
will  tafce  up  a  position  which  will  force  oontaot  J  against  contact  I.  A  circuit 
will  thus  be  completed  throui^  the  right-hand  solenoid  L  and  the  electro- 
magnetic attraction  will  cause  the  core  U  to  move  downward,  which  move- 
ment will  turn  M  about  its  axis  and  throtuch  its  connection  with  O  cause  the 
pen  to  moVe  across  the  chart  to^nird  full  scale  position.  This  movement 
of  M  places  tension  on  the  spring  U  and  continues  increasing  this  tension 
until  the  core  has  travelled  a  sumcient  distance  to  place  such  a  tension  on 
tr  that  it  balances  the  torque  of  the  movable  measuring  system  E — F  and 
draws  the  contact  J  away  from  I. 

The  entire  moving  system,  including  solenmds,  pen  aim  and  measuring 
eoils  rmnains  in  the  position  last  assumed  when  toe  **  relay  "  circuit  was 
broken  and  the  pen  continues  to  draw  a  line  whioh  reiweBKils  the  voltage 
ounent  or  wattage  values  as  the  oasa  may  be. 


TELEGRAPHY. 

Rbyisbd  by  Charubs  Thom. 

Ik  this  chipter  only  the  iiiBtnimentfl  used  In  telcoraphy  will  be  notleed ;    < 
and  these,  with  their  connections,  in  theoretical  ouigrAms  only.    For  ihs 
rarioos  details,  whose  presentation  would  defeat  the  purpose  of  clearness 
in  this  oompilationf  readers  are  referred  to  rarious  worlEs  on  telegraphy, 
lines,  batteries,  etc.,  are  each  treated  in  other  chapters. 


AMKAICAir,    or    CI^OIIED    CUCIJMV    MBTHOD. 

The  following  diagram  shows  the  connections  of  the  Morse  svstem  oi 
single  telegraphy,  as  used  in  the  United  States.  The  terminal  staUons  only 
are  shown,  and  in  one  case  the  local  circuit  is  omitted.    Sereral  intenae> 
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diate  stations  (In  praetice  26  is  not  unusual)  may  be  cut  in  on  one  olreait ; 
all  the  instruments  workins  in  unison,  in  response  to  one  key  only. 

In  lig.  1  at  either  end  is  a  key  which,  wnen  open,  allows  the  now  nn- 
attracted  armatures  to  be  withdrawn  by  the  retractile  spring,  S.  Closing 
the  key  restores  the  oorrent  to  the  relays,  attracts  the  armaturea  to  tlie 
front  stop;  the  local  circuit  through  the  relay  points  is  dosed,  and  the 
signal  is  heard  on  the  sounder.  The  attracting  force  of  spring,  8.  is  leas  than 
tlutt  of  the  relay  cores  as  energised  by  the  current  from  tne  battery  need 
for  a  giTen  circuit.  It  can,  by  "pulling  up  '*  on  the  spring,  be  made  greater ; 
in  which  case  the  glyen  current  is  ineffective  to  close  the  relays,  and  If  the 
tension  of  sprins;,  S,  is  maintained,  battery  must  be  added  to  close  the  relays. 
It  is  possible,  therefore,  by  means  of  sprina,  8,  to  make  a  comparatiTely 
weak  current  ineffectire  to  close  the  relay  points.  The  signilleanee  of  thv 
will  appear  later  in  connection  with  the  quadruplex. 


■VIlOPKAir,    or    OPWf    CUGUIV 

The  following  diagram  shows  the  connections  of  one  terminal  station  with 
the  line  connecting  to  the  next.  The  ground  plates  may  be  dispensed  with 
if  a  return  wire  from  the  next  station  is  used,  thus  forming  a  metallic  eir- 
cuit. 

This  method  of  connecting  Morse  apparatus  is  used  mostly  in  Burop«,  and 
has  two  adTantages  over  the  American  method  . 

a.  The  battery  ia  not  in  circuit  except  when  signals  are  being  wm%, 

b.  When  the  key  is  closed  and  the  current  admitted  to  line,  the  ooQs  of 
the  relay  are  cut  out  of  the  circuit,  thus  lessening  the  hindrance  to  Uia  flow 
of  current. 
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In  prmotical  telegraphy,  the  high  resistance  of  the  line  wire  between  the 
terminal  stations,  and  imperfeot  insulation  permitting  leakage  in  damp 
Weather,  make  it  inexpedient  to  attempt  to  transmit  signals  over  oircnits 
irhoee  lengths  have  not  well-deflned  limits.  But  a  circuit  may  be  extended, 
and  messages  exchanged  over  longer  distances  by  making  the  receiving 
fnatmment  at  the  distant  terminal  of  one  eironit  do  the  work  of  a  transmit- 
ting key  in  the  next.  The  apnaratns  used  for  this  purpose  is  called  a  re- 
peater, and  is  usually  automatic,  in  a  sense  which  will  appear  later  on. 

From  among  the  scores  of  repeaters,  selection  must  be  made  of  repre 
sentatiTe  types,  —  the  three  In  most  general  oae 


Hllllkem  Hepeator. 


The  following  diagram  illustrates  the  theory  of  the  MllUken  repeater, 
vhich  is  In  general  use  in  the  United  States  and  Canada.  The  essential 
feature  of  erery  form  of  automatic  repeater  is  some  device  by  which  the 
circuit  into  which  the  sender  is  repeating  not  only  opens  when  he  opens,  but 
elosee  when  he  doses. 
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In  the  diagnun  is  represented  the  apparatUB  of  a  repeating  ataiioo  ia 
which  Bippna  the  instruments  and  three  distinct  circuits  in  duplicate,  vix.: 
the  east  and  west  main  line;  east  and  west  local  (dotted);  east  and  weit 
extra  baal  (dash  and  dot).  Starting  with  both  "east"  and  "weat"  keyt 
closed  and  the  line  at  rest,  battery  2r,  whose  circuit  (dash  and  dot)  is  eom- 
Dlete  through  transmitter,  V,  energises  extra  magnet.  B*,  attracts  the  pen- 
dent armature,  F',  leaving  the  upright  armature  free,  the  pendent  armators, 
P,  bdng  similarly  held  by  battcn-y*  &•  In  operation,  the  distant  east  opens 
his  key,  relay,  J?,  opens,  then  transmitter,  T.  through  whose  tongue  and  post 
passes  the  west  line,  which  opens,  and  would  open  relay,  W,  and  thenonv 
transmitter.  T';  but  at  the  moment  transmitter,  T,  opens,  the  extra  local 
circuit  (dash  and  dot)  opens,  releasing  pendent  armature,  P,  which  la  drawn 
by  its  spring  against  the  upright  armature  holding  cbsed  the  points  of  relay, 
IT.  and  transmitter,  TV  andtherefore  the  east  line,  which  pmHies  thioupi 
its  tongue  and  post.  When  the  distant  west  breaks  and  sends,  the  actioa 
begins  with  the  west  relay  instead  of  east,  and  follows  the  same  oourse. 


In  repeaters  for  lines  worked  single,  the  characteristic  Is  a  device  in  tlie 
repeater  which  holds  closed  the  main  line  on  which  the  sending  is  being  dooa 


] 
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while  the  distant  relay  on  the  second  main  line  records  that  sending;  the 
parts  arranged  to  effect  this  result  should  act  9uickly  on  the  "breaf*  and 
.  i;*«i.k  ■i^viv  fxt%  «.Ka  •'make"  of  the  main  hne  current  — -' "Kr^—ir *•  •■k<i 


a  little  sk>wly  on  the  "make"  of  the  main  line  current  —  "break"  and 
"make"  being  the  technical  terms  respectively  for  the  opening  and  eloaing 
of  the  circuit.  A  form  of  repeater  intended  to  effect  in  a  high  degree  this 
result,  oUled  from  its  inventor  the  Ghegan,  is  shown  in  theory  in  the  dta- 
gram.  Fig.  4.  Tlie  characteristic  instrument  is  a  transmitter  having  a 
second  armature-bearing  lever  placed  above  the  first  one  in  such  a  position 
that  one  electromagnet  serves  to  work  both;  the  unper  armature  forms  a 
back  contact  simultaneously  with  the  opening  of  the  transmitter,  and  it 
inclines  to  preserve  the  contact  at  U*  untu  the  regular  local  circuit  {dotted) 
has  b«en  closed  at  the  k>cal  points  in  relay  E:  the  action  is  therefore  quick 
or  Bk>w  as  occasion  requires.  As  in  the  Millikoi  and  Weinv-Phlllips,  thete 
are  three  pairs  of  circuits;  the  main  lines  (solid  black);  the  local  dreuits 
(dotted);  and  the  shunt  circuits  (dot  and  dash).    When  relay  W  open  it 
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releftsM  the  armature  of  transmitter  T';  through  ite  tooffue  and  pott 

the  weet  wire  which  opens,  releasing  the  armature  of  relay  B,  and  opening 
ite  local  points.  At  the  same  time  upper  armature  U'  flies  against  Its  back 
oontact  and  completes  a  shunt  circuit  by  which  battery  6  holds  transmitter 
T  oloeed;  and  the  wire  paiwring  through  its  tongue  and  post  is  kept  intact. 
Reverting  to  the  position  of  the  instruments  in  the  diapam  Jbhe  distant  east 
is  supposed  to  have  opened  his  key.  This  opens  relay  W,  which  opens 
transmitter  V  (both  armatures);  the  drop  in  the  lower  armature  opens 
the  west  main  line,  which  opens  relay  B  and  its  local  points;  but,  as  just 
explained,  the  etrouit  of  battery  6  is  now  oomplete  through  the  dot  and 
dash  lines,  so  that  transmitter  T  is  held  olosea  and  the  east  Une  is  kept 
Intact  by  its  tongue  against  the  stop.  When  the  distant  west  breaks,  the 
stfmature  of  relay  B  remains  on  its  oack  stop,  and,  on  the  first  downward 
stroke  of  the  upper  armature  of  transmitter  T*,  the  local  circuit  of  trans- 
mitter T  is  broken,  and  at  its  tongue  and  post  the  east  line  opens.  The 
east  sender,  thus  warned,  closes  his  key;  the  sender  at  the  distant  west  takes 
the  oirouitj  and  action  similar  to  that  just  described  begins  with  relay  S^  and 
foUowB  a  like  course. 


Weii^-PlUlllpa  Repeater. 

A  theoretical  diagram  of  the  Weiny-PhilHps  repeater  Is  given  herewith. 
It  is  in  general  use  by  one  of  the  principal  telegraph  companies,  and  is 


Fio.  6. 

introdueed  here  because  It  involves  the  principle  of  dtfferentiatfon  in  maf' 
net  coils,  which  plays  so  important  a  i>art  in  cfuplex  telegrapbcy.  As  in  the 
Milliken,  there  are  three  distinct  circuits  in  duplicate;  and  m  the  diagrams 
the  parts  performing  like  functions  in  the  two  types  of  repeaters  are  simi- 
larly lettered.  The  connections  and  functions  of  the  main  line  (solid  black) 
circuits  and  of  local  (dotted)  circuits  are  identical  with  those  of  the  Milli- 
ken. But  instead  of  the  extra  maipets  and  pendent  armature  of  the  latter, 
we  have  a  tubular  iron  shell  enclosing  a  straight  iron  core  and  its  windings, 
the  combination  of  shell  and  straight  core  performing  the  same  functions 
as  the  usual  horse-shoe  core.  The  turns  of  wire  around  the  core  of  the 
extra  magnet  are  equally  divided,  and  the  current  traverses  the  two  halves 
in  opposite  directions.  Such  a  core  is  said  to  be  differentially  wound,  be- 
cause the  core  is  energised  by  the  difference  in  strength  of  the  currents  in 
the  coils;  but  when  the  coils  are  equal  in  resistance,  the  equal  currents, 
passing  in  opposite  directions  around  the  core,  neutralise  each  other.  If 
one  01  the  oofls  is  opoied,  the  core  at  once  becomes  a  magnet  capable  of 
faoldizuc  the  armature  at  the  moment  when,  the  repeater  in  operation,  the 
"east"  station  opens  his  key,  opening  relay  B\  then  transmitter  T\  then 
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opening  ibe  "west"  wire,  which  would  open  relay  W,  tnuumitter  7*.  aad 
therefore  the  east  wirej  but  the  opening  of  transmitter  7*  is  prevented  bj 
the  energising  at  the  cntical  moment  of  core  TF'.oneoofl  of  which  is  opeaed 
irhi&a  transmittw  T  opens.  When  the  distant  west  breaks  and  sends,  thi 
action  begins  with  the  west  relay  instead  of  the  east,  and  follows  the  sanif 
ooune* 

Dvplex  TelefTttpl^* 

Tliat  method  of  telegraphy  by  which  mesBages  can  be  sent  and  leodved 
oTsr  one  wire  at  the  same  time  is  cidled  duplex;  and  the  system  in  generBl 

use,  known  as  the  polar  duplex^  is  illustrated  in  the  acoompanyins  d* 

In  single  telegraphy  all  the  retays  in  the  circuit,  induding  the  hoi 
respond  to  the  movements  of  the  key;  the  duplex  system  implies 
relay  and  sounder  unresponsive^  but  a  distant  relay  responsive  to  the  nkore- 
ments  of  the  home  key;  and  this  result  is  ^ected  dv  a  differential  airange- 
ment  of  magnet  coils,  of  which  the  extra  magnet  oous  in  the  Weiny-FUQIqw 
repeater  furnished  an  example.  A  current  dividing  between  two  noils  and 
their  connecting  wires  of  equal  resistance  will  divide  equally  and  fiairffirg 
round  the  cores,  will  produce  no  magnetio  effect  in  them,  liiis  oonditioa 
is  estabUshed  when  the  resistanoe  of  the  wire  marked  "^H^  4-^  in  the  dingiBia 
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THEORETICAL  DIAGRAM  OF  POLAR  DUPLEX 

SALANOINQ  8XMT0H  OMITTtO 
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Is  balanced  by  the  resistance  of  a  set  of  adjustable  colls  In  a  rheostat  marked 
R,  This  is  called  the  ohmio  balance  (from  ohm,  the  unit  of  resistanoe);  and 
the  static  bals^ee  is  effected  by  neutralising  the  static  discharge  on  long 
lines  by  means  or  an  adjustable  condenser  C,  and  retardation  oou  r,  hunt- 
ing the  rheostat  as  shown.  In  the  single  Hne  relay  the  movement  of  the 
armature  is  effected  by  the  help  of  a  retractile  spring  in  combination  with 
alternating  conditions  of  current  and  no  current  on  the  Kne.  In  the  polar 
relay  the  spring  is  dispensed  with,  and  the  backward  movement  of  the  arm- 
ature Is  effected,  not  oy  a  spring,  but  by  means  of  a  current  in  a  direetion 
opposite  to  that  which  determined  the  forward  movement.  This  reversal 
of  the  direction  of  the  current  is  effected  by  means  of  a  pole-changer,  PC, 
whose  lever,  T,  connected  with  the  main  and  artificial  lines,  makes  contact, 
by  means  ox  a  local  circuit  and  key ,1C,  with  the  sine  (  — )  and  copper  (+) 
tetmlnal  of  a  battery  alternately.  The  usage  in  practice  is  sine  to  the  fine 
when  the  kev  is  closed;  copper,  when  open.  The  law  for  the  production  of 
nagnetM  poles  by  a  current  is  this:   when  a  core  is  looked  at  "end  en.** 
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a  currant  paasing  iomi<i  it  In  the  direction  of  the  hands  of  a  clock  ptodueei 
80uth*fieekiiis  macmctimn,  8;  in  the  opposite  direetion,  north-eeekmg  mafl^ 
netism,  marEed  N,  A  sprinslees  armature,  perxnanently  magnetised  and 
pivoted,  as  shown  in  the  curawmg,  will,  if  its  nee  end  is  plsieed  between  3  and 
If  magnetic  poles,  be  moved  in  obedioice  to  the  weU*known  law  that  like 
poles  repel,  whUe  unlike  poles  attract  each  other.  The  **east"  and  ''west" 
terminal  is  each  a  duplicate  of  the  other  in  every  respeet;  and  a  deseriptinn 
of  the  operation  at  one  terminal  will  answer  for  both. 

Under  the  conditions  shown,  the  keys  are  open;  and  the  batteries,  which 
have  the  same  EI.M.F..  oppose  their  copper  (+)  poles  to  each  other,  ao  that 
no  current  flows  in  the  main  tine.  But  in  tne  artificial  line  the  earrKit 
flows  round  the  core  in  such  direction  as.  acoording  to  the  rule  just  given, 
to  produce  N  and  8  polarities  as  marked,  opening  the  sounder  drouits  at 
both  terminals.  If,  by  means  of  key.  K\  the  nole-ohanger,  PC',  of  *'east" 
station  is  closed,  the  connections  of  battery,  B*t  are  changed:  it  is  said  to 
be  reversed;  and  it  now  adds  its  EJiJP.  to  that  of  battery  B,  the  ourrent 
flowing  in  a  direction  from  "west"  to  "east";  !.e.,  from  copper  to  sine. 
But  the  current  in  the  main  Hue  is  to  that  in  the  artificial  as  2  to  1;  and  if 
the  relative  strencth  of  the  resultant  magnetic  poles  is  represented  by  small 
type  for  that  proouced  by  the  current  in  the  artificial  line,  and  by  laiye  type 
for  the  main,  the  magnetic  conditions  can  be  gn^ihically  shown,  as  they  are 
produced  on  each  side  of  the  x>ermanently  magnetised  armatures  marked 
IN)  and  iN').  In  relay,  PA'  it  is  8niN')  bN,  causLog  it  to  remain  open;  in 
relay  PR  it  has  changed  to  Jvs  (iV)  nJS  —  just  the  reverse  of  that  shown  in 
the  diagram  —  the  relay  therefore  closes,  aod  the  sounder  aJso.  If  key,  K. 
of  the  west  station  is  closed  at  the  same  time,  the  batteries  are  aipin  placed 
In  opposition,  but  with  sine  (— )  poles  to  the  Une,  instead  of,  as  m  the  first 
instance,  eoiyper  (+ )  poles.  The  result  is  no  current  on  the  main  line;  but 
the  current  m  the  artificial  lines,  flowins  in  the  direction  from  the  ground 
Qt'hose  potential  is  0)  to  the  sine  (—)  of  the  batteries,  the  magnetic  condir 
tion  at  east"  station  Is  repreeentea  by  n  {N') «,  which  doses  relay.  PR'; 
and  at  "west"  station  by  n  (,N)  s,  which  doses  relay  PR,  The  conditions 
necessary  to  diq>lac  work,  vis.,  thii^  the  movement  ot  key,  K',  should  have 
no  effect  on  rday,  PR',  but  should  operate  the  distant  rday,  PR,  are  thus 
fulfilled,  and  the  transmssion  of  messages  in  opposite  directions  at  the  same 
time  is  made  practicable.  In  the  case  of  the  Wheatstone  Automatic  duplex 
this  exchange  goes  on  at  high  rate  of  spaed,  the  maTimnm  rate  being  260 
words  a  minute. 

Hure  have  already  been  traoed  out  the  magnetie  poles  formed  in  the 
inside  ends  of  the  relay  cores  as  Uie  result  of  three  possible  combinations  of 
current:  (1)  eoraer  to  line  at  each  end;  (2)  sine  at  east,  copper  at  west  end; 
(3)  sine  to  fine  at  each  end. 

One  other  possible  combination  remains  to  be  traoed  out  with  ref erenee 
to  the  poles  formed:  it  is  shown  in  Fig.  7,  where  the  dupleac  is  represented 
in  a  form  more  neanv  «>proaching  that  which  obtains  in  practice.  At  the 
west,  or  Pittsburg  end.  smo  is  totfie  line;  at  the  east,  or  New  York  end,  it  is 
coppen  the  effect  on  the  distant  relay  in  each  case  is  indicated  in  the  draww 
ing.  For  the  sake  of  deamess  the  local  systems  are  omitted;  at  each  terminal 
the  artificial  drouit  is  represented  by  a  dotted  line;  the  main  Hne  by  solid 
black;  the  relays  with  their  windhigs  are  shown  in  a  manner  fitted  for  tracing 
the  magnetic  effects.  Representing  the  polarity  of  the  armatures  by  (ivi 
and  (J3),  and  the  magnetic  condition  of  the  cores  in  the  manner  adopted 
in  the  preoeding  paragraph,  it  must  be  understood  that  the  point  of  view 
is  midway  between  the  cores.  The  direction  of  the  currmt  on  the  main 
Hne  in  this  diagram  is  from  New  York  to  Pittsburg.  At  the  New  York  end 
the  direction  or  the  current  in  the  artificial  line  is  from  the  battery  to  the 
ground;  at  the  Pittsburg  end  the  current  sets  in  from  the  ground  to  the  sine 
pole  of  the  dynamo.  In  the  Httsburs  rday  the  magnetic  conditions,  begin- 
ning with  the  fewest  core,  are  Nm  (N)  nS;  the  large  letters  are  the  poles 
proauoed  by  the  main  line  current:  the  small  are  those  resulting  from  the 
current  In  the  artificial  line  whose  direction  is  from  ground  to  dvnamo:  the 
armature  is  drawn  upward  and  the  relay  opens,  as  shown.  In  the  New 
York  relay,  the  magnetic  conditions  (lower  core  first)  are  N$  (JS)  nS\  the 
armature  Is  drawn  down  and  the  local  points  closed. 

Other  details  of  the  duplex  are  apparent  on  examination  ol  the  diagram. 
The  two  boxes  with  disks  on  the  top  are  rheostats;  each  contains  a  number 
of  eoUs  in  series  for  making  the  resistance  of  the  artificial  line  equal  to  that 
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licb  are  eulirely  o 


DUPLEX  LOOr 


Fia.  8. 


re  here  luaerted;  K 


1  luHTted;  BO  that  Figi.  7  and  8  oomblned  give  a  repneenta- 
orldnfc  dnplei.  The  polar  t«lay  oontrots  th«  low!  oirouit. 
ii^«.iiia  bxuvu^  itfl  pointe;  the  ihumhacrewa  ntark  the  joiiiinc  of  the  office 
wire*  with  (bnae  of  the  inatrument;  the  ^•etniinBcDet  of  the  pole  ahanEa-  la 
controlled  by  ineaDB  ot  two  kaya  wboae  oonneotins  wiree  ioin  thoM  d7  Uu 
elentronuonet  at  the  thumbKrewB.  A  lounder.  a  fSi-poInt  avilcfa,  a  thiM- 
point  ewitcht  two  lampa,  and  a  23-volt  dynamo  complete  the  outfit  for  the 
main  of&ee.  The  current  ii  led  firrt  to  the  thrBe-point  awitch  where  it 
dividea;  one  drouit.  salted  the  reoeivl.^t'  .■.Mi',  r-  -v  I..-  iriiocl  Mi.tlr.i  liiis) 
A  the  polnlaot  the  relay,  thjont'  '>■■  sii- 


.ssis 


in.  thenee  to  the  eround;  to  tl 
■imilarly  extended  tbrnugh  i 
Thee*  conoeotiona  oompleted, 


D  right  to  left;  Cl 
«;  the  polar  relay 


1^:  the  use  o 


u  both  main  siud 


e  ATouniL 

^U^ed  to  d» 


i 
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office;  the  key  in  the  branch  controls  the  electroinagnet  of  the  pole  chwa^ 
in  the  main  office.  The  lampe  A  and  B  are  in  the  main  office  local  circuits, 
and  compensate  severally  for  the  resistance  of  the  two  extensions  when  the 
loop  is  cut  out. 

Half-AtkiMNom  liepe»t«r. 

The  description  of  the  duplex  local  (office  and  branch^  system  prepeies 
the  way  for  an  interesting  form  of  repeater  by  means  of  which  the  offiees  on 
a  single  wire  of  considerable  length  may  rq>eat  into,  i.e.,  alternately  '— "^ 
and  receive  on,  a  duplex  wire  or  one  side  of  a  quadruplex.    This  aniMi 


<^m\E 
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la  named  by  prefixiiu;  the  word  "half"  to  whatever  form  of  single  line  re- 
peater is  used;  e«.,  oalf-MUliken,  or  hatf-GhfiBan.    To  present  as  many 


Lifferent  forms  of  repeaters  as  possible  within  the  limits  of  this  article,  the 
iliacEiam  (F^.  0)  shows  a  half -Atkinson.  In  the  upper  right-hand  corner  is 
represented  m  skeleton  form  the  duplex  local  system  just  described,  to- 
gether with  the  jack  in  the  loop  switch  for  the  plaomg  of  the  repeater  wedge. 
The  apparatus  of  the  repeater  is  seen  to  be  a  transmitter  in  the  lower  left 
ooxner,  a  conunon  relay  of  150  ohms  resistanos^  two  sounders,  two  ke^s, 
lamps,  and  a  small  dynamo.  In  the  lower  light  comer  is  a  jack  to  which 
on  one  side  is  connected  the  single  line  to  distant  points;  on  the  other  side 
is  the  main  battery.  With  the  wedge,  as  indicated,  inserted  in  the  jack,  the 
main  line  circuit  can  be  traced  from  the  battery  MB  through  the  nost  and 
tongue  of  the  tnuismitter,  through  the  key  sacL  magnet  coils  of  the  relay, 
thence  back  to  the  jack  and  main  line  "out." 

In  addition  to  the  main  line  circuit  there  are  four  others;  two  of  them  are 
extensions  of  the  23-Tolt  system  of  the  duplex;  of  these  one  has  in  circuit  a 
pole  changer,  lamp,  sounder,  and  the  local  points  of  the  common  relay,  and 
terminates  in  a  ground;  this  arrangement  places  the  ]x>le  changer  in  the 
control  of  the  common  relay.  The  other  circuit  has  within  it  the  local  points 
of  the  polar  relay,  lamp,  the  electromagnet  of  the  transmitter,  and  tenni- 
natee  in  a  ground;  this  arrangement  places  the  transmitto*  (and  the  single 
line  which  passes  through  its  post  and  tongue)  in  the  control  of  the  local 
points  of  the  polar  relay.  Of  the  local  circuits  of  the  repeater  proper,  one 
(marked  dot  and  dash)  extends  from  one  pole  of  a  7-volt  d^mamo  through 
the  lower  post  and  lever  of  the  transmitter,  through  the  coils  of  a  repeat- 
ing sounder  RS;  thence  back  to  the  other  pole  of  the  dynamo:  another 
circuit  (dotted)  runs  through  the  lever  and  back  stop  of  a<S,  mating  con- 
nection, as  shown,  with  the  local  points  of  the  common  relay.  On  the  base 
of  the  rela^  the.connecting  posts  on  the  right  join  the  coils  of  the  relay  with 
the  main  hne  wires;  the  posts  on  the  left  connect  with  the  local  points  of  the 
reli^.  When  the  transmitter  is  open  the  soimder  RS  is  open:  the  lever 
makes  contact  cxk  the  back  stop,  and  completes  a  circuit  in  which  is  the 
electromagnet  of  the  pole  changer. 

Suppose  all  the  circuits  obsed  and  ready  for  work.  Whoi  a  distant 
office  on  the  single  line  writes,  he  operates  the  relay  through  whose  local 
points  passes  the  pole  changer  circmt;  he  controls  the  pole  changer  and, 
therefore,  the  relay  at  the  distant  end  of  the  duplex,  when  the  distant 
office  on  the  duplex  writes,  he  operates  the  polar  relay  whose  local  points 
control  the  electromagnet  of  transmitter  T,  through  whose  tongue  and  post 
passes  the  single  line.  He  thus  controls  every  relay  on  the  single  line  cir- 
cuit; the  response  of  the  pole  changer  to  his  own  sending  ^which  it  is  the 
purpose  of  the  repeater  to  avoid)  is  prevented  by  the  bridging  of  the  local 
points  of  the  common  relay  through  the  lever  and  back  stop  of  RS.  The 
distant  station  on  the  duplex  may  thus  communicate  with  any  office  on  the 
simde  Hne.  and  conversely. 

The  action  of  this  repeater  can  be  utilised  to  repeat  from  one  single  line 
into  another;  when  so  arruiged  it  is  known  as  the  Atkinson  repeater,  and 
it  is  the  standard  of  one  of  tne  leading  companies. 

Dvplex  Repeater. 

In  wires  worked  in  the  duplex  or  quadruplex  system,  the  static  capacity 
of  the  wire,  which  plays  little  if  any  part  in  the  operation  of  circuits  By  the 
single  method,  places  a  limit  on  the  l^igth  of  the  continuous  drcuit.  But 
the  distance  between  working  stations  can  be  greatly  extended  by  the  use 
of  repo^ers  in  which,  by  an  arrangement  perfectly  simple,  the  pole  changer 
of  a  second  circuit  is  controlled  by  the  relay  points  of  the  first.  The  long^ 
est  regular  circuit  in  the  United  States  is  tnat  worked  between  New  York 
and  San  Frandsco,  with  six  repeaters. 

The  work  of  the  repeats  in  this  and  many  other  duplex  circuits  has  been 
facilitated  by  the  recent  introduction  of  the  J.  C.  Barclay  pole-changing 
relay.  It  consists  of  a  polar  relay  so  constructed  that  two  armatures,  in- 
sulated one  from  the  other,  move  on  a  common  arbor^  one  armature  con- 
trols the  local  circuits:  to  the  other  is  attached  the  mam  line  which  makes 
contact  on  front  and  back  stop  with  the  poles  of  the  battery;  it  is  thus  a 
polar  relay  and  pole  changer  combined.  t 
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airing,  was  effected  by  openiog  and  closing  the  key;  or.  In  other  wwda,  by 
tem&ting  periods  of  "no  ourrent"  and  current"  on  the  wire.  It  wm 
further  stated,  in  anticipation  of  its  introduction  at  this  i^int.  that  the 
•pring  eouki  be  eo  adjueted  that  a  weak  current^  though  flowing  all  the  time 
through  the  coils,  would  not  eloee  it.  To  effect  tlie  doeing  an  increase 
of  battery,  and  therefore  of  eurrent  strength,  is  necessary,  so  that  the  relay, 
instead  of,  as  in  the  first  instance,  responding  to  alternating  periods  of  **no 
eurrent "  and  "current"  could  be  opeiated  by  alternating  periods  of  "weak 
current"  and  "strong." 

The  diagram,  Fig.  11.  illustrating  the  theory  of  the  quadrupleic,  wiO  be 
seen  on  examination  to  be  a  combination  of  the  polar  and  Steams  dimlexes, 
each  of  which  has  already  been  described.  The  operation  of  the  ^«ams 
duplex  in  combination  diners  from  that  deecribed  in  connection  with  Fig.  10. 
only  in  that  there  is  always  on  the  wire  a  minimum  of  current  sufficient  to 
operate  the  polar  side  of  the  quadruplex ;  the  neutral  relays  M  and  M', 
identical  with  that  marked  D  in  Fi«.  lo,  are  operated  by  alternating  periods 
of  "weak"  current  and  "strong,"  after  the  manner  of  the  Steama.  In 
practice  the  weak  current  is  tecmiically  called  the  "short  end";  the  strong, 
the  "long  end"j  and  the  diagram  shows  how,  with  different  methods  of 
current  production,  vis.,  the  chemical  battery  and  the  dynamo,  the  mo- 
portioning  of  the  current  in  the  ratio  usuaUy  of  1  to  3  is  effected.  Tht 
clock-face  pole  changer  operates,  as  already  described,  to  send  when  open 
(see  diagram)  copper  to  fine  and  sine  to  the  ground;  when  closed,  aine  to 
the  line  Mid  copper  to  the  ground.  If  the  connections  of  tranamitter  T 
are  traced  it  wilibe  seen  to  aomit  to  the  pole  changer  one  third  of  the  bftttery 
when  open,  and  the  entire  battery  when  closed;  in  other  words,  the  moye> 
ments  of  the  transmitter  determine  a  "short"  or  "long"  end  to  Hna.  At 
the  left-band  terminal  transmitter  D  effects  a  like  result  but  by  different 
means.  In  connection  with  the  transmitter  are  two  sets  of  resistanoe  ooUs. 
so  proportioned  that  when  transmitter  D  b  closed  all  the  current  from  the 
dynamo  goes  to  line:  when  open,  one  third  of  it  goes  to  the  line  and  two 
thirds  is  leaked  "  off  to  the  ground.  One  pole  of  each  dynamo  is  grounded; 
the  other  is  connected  through  a  lamp  to  the  pole  changer  in  such  a  way 
that  the  rule  "sine  to  the  line  when  closed,  oopi^r  when  open"  holds  gooo. 
The  main  line  is  shown  in  solid  black:  the  artineial  in  dotted  lines:  the  rheo- 
stats and  condensers  with  their  retardation  coils  marked  RC  are  identical  in 
principle  with  those  shown  in  the  polar  duplex.  In  the  diagram  transmit- 
ter D  with  its  companion  pole  changer  is  closed;  transmitter  T  with  its 
pole  changer  is  open:  the  effect  of  these  conditions  is  respectiyely  to  eloee 
relays  ilf '  and  iC,  and  to  open  relays  M  and  F\  the  reasons  for  theae  reaoKs 
haye  already  been  set  forth  in  detail  in  connection  with  the  polar  and 
Steams  duplexes,  so  that  it  is  not  necessary  to  repeat  them  here.  In  short, 
there  is  in  the  quadruplex  a  pair  of  polar  relays  which  respond  to  changes 
in  the  direction^  not  in  the  stren^h  of  the  current;  and  a  pair  of  neutral 
relays,  which  respond  to  changes  m  the  9tren((^f  not  in  the  oirection  of  the 
current*  The  diagram  shows  the  apparatus  m  its  simplest  form;  there  are 
a  number  of  details  in  connection  with  its  operation,  the  complete  oonnec- 
tions  for  which  are  rather  too  complicated  for  this  book.  On  page  190  of 
Blayers's  American  Telegraphy -mU  tie  found  a  diagram  embodying  the  full 
scheme  of  connections;  and  Thom  and  Jones'  Telegraphic  Canneetione  oon- 
tains  diagrams  and  detailed  descriptions  of  the  ayatems  in  genenJ 
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Morae,  used  in  the  United  States  and  Oaaada. 
ComtimcMtal,  used  in  Europe  and  elsewhere. 
PUllipa,  used  in  the  United  SUtea  for  "preaa"  work. 

Dash  —  2  dots. 

Long  dash  *  4  dots. 

Space  between  elements  of  a  letter  >«  1  dot. 

Space  b^ween  letters  of  a  word        ■■  2  dots. 

Interval  in  spaced  letters  «•  2  dots. 

Space  between  worda  ■■  3  dota* 
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Jfone.  ConHneniaL 


IVvmerMlM. 

Morse,  ConHnenkiL 


INuMtiuitlon,  etc. 

Mone.  C&ntinentaL 


.  Period 

:  Colon 

:  —  GoloQ  dash 

;  SemiooloD 

,  Comma 

T  Interrogation 

I  Exclamation 

Fraction  Uae 

—  Daah 

-  Hyphen 

'  Apostrophe 
£  Pound  Sterling 
/  ShilUngmark 
$  Dollar  mark 
a  Pence 
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Montt 


ContinaUtU 


CSApitoliied  latter 
Cokn  followed       ) 

by  quotation: "  J 
0  cents 

•  Decimal  point 
IT  Paragraph 
Italics  or  underline 
Q  Parentheses 
P  Brackets       ) 
"  "  Quotation  f 

marks. 
Quotation  within ) 

a  quotation       | 


.  Period 

:  Colon 

:  —  CSolon  dash 

;  Semicolon 

,  Comma 

7  Interrogation 

I  Exclamation 

Fraction  line 

—  Dash 

-  Hyphen 

'  Apostrophe 

£  Pound  Sterling 

/  Shilling  mark 

%  Dollar  nuu'k 

d  Pence 

Capitalised  letter 

Colon  followed  by  quo- 1 

tation:  "  ) 

0  cents 
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IT  Paragraph 
Italics  or  underline 
0  Parentheses 
P  Brackets 

"  Quotation  marks 
Quotation  within  a ) 

quotation"""    } 


Phmp*. 


-t    . 


AlibreTlfktIoma  fa  Common  Vae. 


Aftn.  Blinute. 

Mtqr,   Messenger. 

Msk,   Mistake. 

No,   Number. 

Nto,  Nothing. 

N.M,  No  more. 

OJC,  All  right. 

Oft,  Office. 

Opr,  Operator. 

8tg.  Signature. 

Pd.   Paid. 

Qk,   Quick. 

O.B^.  Give  better  addreas. 


Sn,  Bern. 
BaL  Battery. 
BbL   Barrel. 
CoL  CoUect. 
Ck,  Check. 
Co.  Company. 
D.H.  Free. 
Ex.  Express. 
FrU  Freight. 
Fr.  From. 
O.A.  Go  ahead. 
P.O.  Post  Offiea. 
R.R,  Repeat, 
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Rbyisbd  bt  Fbbdbbicx  K.  Vbbxland. 

In  oonaequence  of  the  rB|>id  changeB  which  the  art  of  wireless  telegraphy 
is  undergoing,  it  is  impracticable  to  give  here  more  than  an  outline  of  the 
principles  involved,  with  descriptions  of  a  few  typical  forms  of  apparatus. 
For  further  details  the  reader  is  referred  to  the  more  complete  worlu  on  the 
subject. 

vrtreleMi  Velerraphj*  as  it  is  practiced  to-day,  is  based  upon  the 
fact  that  an  electrical  oscillating  system,  when  suitably  proportioned,  may 
become  the  source  of  electromagnetic  waves,  which  radiate  throuf^h  space 
like  light  waves^  and  which  have  the  power  of  exciting  oscillations  m  a 
conductor  on  which  they  impinge. 

Electrical  Oactllattona.  —  The  essential  elements  of  an  oscillating 
■ystem  are  a  capacity  and  an  inductance,  and  means  for  charging  the  capacity 

and  allowing  it  to  discluurge  through  the  in- 
ductance. Tig.  1  represents  such  a  ssrstem, 
in  which  the  ci^iacity  C  may  be  a  Leyden 
jar,  and  the  inductance  L  a  ooil  of  few  turns 
of  coarse  wire.  A  is  a  pair  of  knobs  separ 
I L  rated  by  an  air  gap,  ana  /  an  induction  ooil. 
\'  When  tne  ooil  /is  set  in  operation  the  jar  C 
is  charged  until  its  potential  is  sufficient  to 
break  down  the  air  gap  O,  When  a  spark 
occurs,  the  air  cptp  becomes  a  good  conduc- 
tor, and  the  jar  discharges  through  the 
inductance  L, 

If  the  ohmic  resistance  is  not  too  high 
the  discharge  is  oscillatory,  and  the  current 
surges  through  the  circuit  with  a  frequency 


N 


i/JL    -    Ri 


41/ 


or,  if  B  is  small. 


Fi(i.l.  Closed  Oscillating  Circuit 


Operated 
Coil. 


by    an    Induction 


N 


2»VlC 


where 


AT  «i  Frequency  in  cycles  per  second* 
L  <—  Inductance  in  henrys. 
C  —  Capacity  in  faiads. 
R  ■"  Resistance  in  ohms. 

^  A  ^  2  W  ^  ^  j^  becomes  imaginary,  and  the  discharge  is  undirectionaL 

The  frequency  is  usually  very  high;  for  example,  if  C  -■  .005  microfarad 
and  L  ■■  .02  millihenry,  —  figures  which  roughly  represent  the  case  cited, — 
N  will  be  500,000  cycles  per  second. 

81ectr«nuic>*M<:  wavea.  —  Such  a  closed  circuit  oscillator  may 
produee  very  powerful  inductive  effects,  but  it  gives  off  little  energy  in 
radiation.  It  may  be  converted  into  a  good  radiator  by  sepMirating  the  con- 
ductors of  the  capacity,  so  that  the  electrostatic  field  which  lies  between 

*  Many  of  the  illustrations  for  this  chapter  are  taken  from  MaxwelTt 
Thtory  and  WireUsa  TeUara^y.hy  L.  Poincard  and  Frederick  K.  Vreeland, 
through  the  courtesy  of  the  MMjraw  Publishing  Company. 
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than  m«y  aprnd  out  into  apMM  inat«ad  of  bdnc  comtDtntad  En  the  cl>*>  of 

Figure  2  ■bDwianopoi  oinuit  oaoHIMor  Miued  by  Berti  In  the  diaummjnl 
•leotroDunette  mrta  in  ipue.  Hen  the  cacHuaty  batman  tha  spberaBA 
ukd  ^  nod  tbs  indiuitance  of  tba  abort  rod  jainins  umn,  are  boUi  Bmall.  and 
the  [tcqucoc]'  if  oortMpondiusly  higb,  i"  '"  '■'^~"  — ■ ' 


1  ioiniiisuii 
i'5(KOW.OO 


ibined  with  the  -, 

The  dotted  LiDta  (Fls.  2)  nm 
-■ ' '-  ■> 1.    Wlian 


Fro.  3.  EMd  BDiroundJnaa  dumh-bdl 
osOlUatar  when  in  opention.  At  the 
numant  Uhutratcd  lb*  aphMta  an 
dtoohuilng  and  tha  Una  wltUn  Vb» 
latge  dnla  ihtnr  tba  basinnina  ctf  ■  half 
mva  about  to  h«  detaobed.  Oatiida 
the  dKle  tba  praoeding  half  waTa  ia 
Btartod  on  Ita  jauiner  uirou^  apace 
nta  oactllator  i*  Bhowti,  gnatW  ra- 
duoad,  within  the  amall  drdg.  (After 
Herta.) 

,  -it,  tha  ahrinldng  ia  ao  audden  that  iwrtioaaof  tbiinan 

•napped  oB,  aa  It  were,  (onuins  ckwed  loops  (Pig.  3).  which  lo  off  Into  tf  -  — 
with  tha  velocity  of  ligbt  (3OT.000  kiiomelfln  par  aeoond)  azptuHlii^  vi 

eally  aa  they  eo.  and  canjina  energy  with  than.     '^'-  ' •-' 

Clf  oadUatHn,  until  all  the  ensrty  b  radiated  oi 


^ 
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The  rapidly  moving  eleotroatatio  fines  osrry  with  ihem  a  masnetio  field, 
whoae  lines  of  force  form  coaxial  ctroles  with  centers  Id  the  axis  of  the  oscil* 
lator,  expanding  continuously  as  ripples  expand  about  a  pebble  thrown  into 
the  water.    Their  loli^ion  to  tlie  eleotrostatio  lines  is  shown  in  Fig.  4. 

This  combination  of  electrostatic  and  magnetic  fields,  traveling  outward 
with  the  velocity  of  light,  constitutes  an  eieotromagttetic  wave^  When 
•uoh  a  wave  encounters  a 
nonconducting  obstacle  it 
paases  tlurough  it  without 
interference,  but  if  the  ob> 
•tacle  be  a  conductor  .the  mag- 
netic lines  eutting  it  induce 
currents  which  absorb  energy 
from  the  wave.  If  the  oh* 
otaele  be  lam*  such  as  ashset 
of  metal,  the  wave  is  conir 
pletely  cut  off  and  reflected 
as  from  a  mirror;  if  theob* 
atacle  beawire  parallel  to  the 
axis  off  the  oscillator,  it  b^ 
comes  the  seat  of  secondary 
oscillatbns,  like  those  in  the 
oaoiUator,  but  weaker.  Any 
instrument  capable  of  detect- 
ing these  osoiflations  may  be 
used  as  the  receiver  of 
wireless  telegraph  system,  of 
which  the  osoiUator  is  the 
transmitter. 

VHe  AMteaaa. —  The 
Hertsian  oscillator  shown  in 
Fig.  2  is  operative  only  over 
•lK>rt  distances.  The  energy  of  the  waves  is  limited  by  the  small  capacity 
of  the  osoUbUtor,  and  waves  of  such  high  frequency  are  readily  absorbed 
by  obstacles.  In  actual  practice  the  oscillator  takes  the  form  of  a 
vertical  wire  or  anUnna,  supported  by  a  mast,  and  grounded  at  the  lower 
end  through  a  spark  gap  (Fig.  6). 


!^!^T?f  _?'  ^  Fi«.  4.  A  Portion  of  the  Spherical  Wave- 
front  proceeding  from  an  Oscillator.  The 
Full  Lines  Indicate  the  llagnetic  Force, 
the  Broken  lines  the  Electric  Force.  The 
Direction  of  Propagation  is  Perpendicular 
to  Both  of  these,  and  is  therefore  RadiaL 


J 


B 


Fio.  6.      Transmitter  with 
Simple  Antenna. 


Fio.  6.     Receiver  with  Simple 
Antenna  and  Coherer. 


This  is  equivalent  to  half  of  a  Hertsian  oscillator,  the  lower  half  being 
removed  and  reolaeed  by  the  earth.  The  capacity  and  inductance  are  di»> 
(ribated  along  the  whole  length  of  the  wire,  and  the  law  of  their  distributbn 
is  snoh  that  the  wave-length  is  four  times  the  height  of  the  antenna.     Thus 
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'jQp'     ■    -   1,600X100 

A  hee  HartHim  oacUbtor  amiu  tna  Bertikn  mv«,  wbioh  traval  throufh 
uKoe  lUu  ILdiC.  A  (rouaded  osoOlktor  (riTa  oS  sroundsd  wsTca  (Fis.  7). 
Tlwy  ue  baU  vavti.  *Ium  aleotrMUtlD  Dim.  iutvul  of  betnc  MU-eLiwd. 
lsimiiul«  in  the  <arth.  to  which  they 
an  lu^HUsbir  bound.  Iiiatcad  « 
travilinii  always  in  stnisht  Ud«b,  thgj 
mtut  foUow  tlie  oantour  of  tba  cod- 
duetina  niitaea  aw  whiob  they  alidc. 
and  ID  they  may  orcMa  mountaliia  v 
tnTBl  about  tba  earth. 

Id  cUdiDS  over  tb*  oonduBtlni  am- 
taoe  01  theeanbtlwyanasixiiiipaDiad 
by  all«Tnatiat  eumoli  in  tha  nufaa. 
lliCM  onnoita  waate  ntrgf  in  avtr- 

[Uifaoo.  with  tbe  mult  o/  dim: 


t  ii  pariiAlly  opaque 
lofl  wBULum.  When  thedisltuice 
tweau  the  atraatcb  of  aigoala  in  the  • 

With  a  cnunded  traoBDiitter,  a  sntundal  receiver  !■  uwi  (Fig.  A).  Thii 
ia  another  vertical  antoma  A .  with  a  dataetor  C.  eaimect«d  in  seriea  bht 
the  trtMnd.     fi  is  a  battery  and  S  h.  relay  or  telepbonlo  raniver. 

Vka  C*kerer.  —  One  ol  the  bert  known  detaelore  at  elactrlal  oadi- 
latioog  ii  the  cohoer.  A  typical  Corm  li  (hown  la  Fif.  S.  T*  le  •  bImi 
tube  in  which  are  two  tightly  fitting  ailvet  phici.  B  and  £'.  MtKhed  to 
leadiug-ln  wirea.     The  endj  at  Ibe  plugi  are   about  £  millimeter   ^mit. 


Fill.  8.    Ooheier— LoDgitDdiiial  Crmb  SaMba. 

oontalna  a  mixture  of  allver   and   c 


filinge,  « 

Narmally.  the  filinn  lie  loosely  togstber.  and  proeol  a  high  r 
The  flohmr  ta  practically  open  circuited,  but  under  the  influen 
aloclrical  oHillaUons  the  KIlngH  cohere,  and  the  resinuice  fklls  Kt 
few  hundred  obmL      If  the  coherer  be  a 
and  a  wnilttve  relay  (Fig.  0),  tUi  drop  1 
and  give  a  algaal. 

The  filings  cooliuue  (o  cohere  after  the  ccaiatioa  of  the  impulaa  that 
atEected  them,  but  tbey  may  be  aepanted  by  a  mscbanioal  ahoak.  Or- 
dinarily an  automatic  tapper  ia  arranged  to  strike  tba  tube  whaosvar  tlx 
relay  givea  a  aignal,  and  aa  leatore  it  to  ita  senaitiva  amdition,  re*dr  (or  tka 
next  impulae. 
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l^^^^^^ 


Fio.  9.    Amngflmflnt  of  Coherer  C  with  Battery  B  and  Relay  R 
Reoording  Instrument,  and  T  an  Automatio  Tapper. 


/  isa 


A  simple  grounded  antenne  has  a  definite  natural  period  of  vibration, 
but  its  tendency  to  adhere  to  this  period  is  weak,  and  it  may  execute  forced 
vibrations  over  a  wide  range  of  irequencies.  Thus  a  given  receiving  an- 
tenna will  respond  to  the  radiations  of  various  sending  antenns,  with  onlv 
a  slight  preference  for  radiations  whose  period  is  the  same  as  its  own.  Such 
an  antenna  oonstitutee  a  simple  "responsive"  ssrstem,  which  is  adapted  to 
use  on  shipboard  or  between  ships  and  shore,  where  it  is  desirable  that 
anystation  may  communicate  with  any  other  station  in  the  vicinity. 

When  a  number  of  stations  are  so  close  together  as  to  interfere  with 
each  other,  a  responsive  system  is  not  suitablej  but  the  apparatus  must  be 
made  selective,  so  that  any  given  pair  of  stations  may  mteroonmiunicate 
without  interference  from  the  others.  The  most  usual  way  of  securing 
selectivity  is  bv  applying  the  principle  of  Electrical  Resonance  or  Syntony. 

An  electrical  oscillating  circuit  mi^  be  so  constructed  as  to  make  it  a 
stiff  vibrator,  Le.,  the  positiveness  of  its  vibration  period  may  be  greatly 
increased,  so  that  it  will  respond  readily  to  vibrations  having  its  own  nat- 
ural period  but  wiU  be  little  affected  by  impulses  of  a  different  period:  just 
as  a  stretched  string  will  respond  to  a  sound  to  which  it  is  tuned,  but  not  to 
sounds  of  different  pitch. 

DampiMC.  —  The  criterion  of  sharp  resonance  ii  a  persistent  oscillation  in 
both  transmitter  and  receiver.  In  the  transmitter  there  is  a  certain  initial 
supply  of  energy  stored  in  the  antenna  or  other  charged  condenser,  and  this 
energy  is  gradually  expended  in  radiation  or  in  resistance  of  the  conductors 
and  spark  gap  and  other  internal  losses.  The  rate  at  which  the  stored 
energy  is  expended  determines  the  "damping"  or  rate  of  decay  of  the 
oscillation.  In  the  receiver,  energy  is  received  by  the  antenna  and  consumed 
in  doing  useful  work  in  the  detector,  or  wasted  in  ohmic  and  other  bsses. 
To  secure  a  large  resonant  accumulation  of  energy,  all  these  losses  should 
bo  reduced  to  a  minimum.  In  other  words,  the  damping  of  both  trans- 
mitter and  receiver  must  be  small.  A  simple  antenna  is  a  poor  oscillator 
because  its  energy  is  radiated  rapidly,  and  the  amplitude  of  its  oscillations 
decreased  at  a  corresponding  rate.  The  curve  (Fig.  10)  represents  the 
strongly  damped  oscillation  ofa  dumb-bell  oscillator  (Pig.  2)  as  determined 
by  Bjerknes.  The  amplitude  falls  to  t\f  of  its  initial  value  after  nine  oscil- 
lations. The  oscillation  of  a  simple  grounded  antenna  may  decay  even 
more  rapidly  still,  and  this  is  why  shiup  resonance  is  impossible  between 
two  suoB  simple  oscillating  systems. 
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R  bdog  the  miltKDH  In  ohms  (or  tn  alwiluta  onltl). 

L  bdiig  tbt  laducUnne  in  henryi  (or  !□  kboolate  units). 

C  bring  the  cuHoity  in  fariAis  (or  m  mbaolute  units). 
Hw  exprMBon  «>•  W  +  •)  det«rniin«  tha  (requtncy  of  itu  oKUlalfao. 
N  —  ^^  ,  and  Is  i«pTawnt«d  by  k  simple  hvmonia  curve,  while  li»  «i- 
poneotiki  (aotor,  a 


det«rminea  the  damplnE,  and  (s  npnaoited  by  tha  lagnHthmio 
In  dotted  lino  in  ilg.  IT). 

For  I  -  7,  a  oompleie  period,  the  eiponsntial  term  beeuma 


wUdi  Ii  tha  ratio  of  aii;  two 

the  natural  kcarithm  of  tUi  ratio,  and  la  nailed  the  "  tocarithmie 

nuDt."      (AcoordiDc  M  the  convention  of '' —    """   ' 
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deermnent  if  defined  aa  the  Iqisarithm  of  the  ratio  of  two  eoneeoutive  tum^ 
ifi0  poinU,  and  henoe  haa  halfthe  above  in^lue.) 

A 

In  a  persistent  Yibxator  of  high  frequency  the  ratio  --  if  smallf  and  the 
•quatfon  may  be  written, 

«-Q€"^ooeTrl» 

or  g-ge""'^ 


This  form  is  more  oonyenient  than  the  oomplete  equation,  and  is 
BufiBoiently  aocurate  for  practical  purpoees. 

0ktB  Blliect.  —  The  value  of  A  as  here  used  is  quite  different  from 
the  resistance  as  measured  by  ordinary  methods,  owing  to  the  fact  that 
such  rapidly  oscillating  currents  are  confined  to  a  thin  superficial  layer  on 
the  outside  of  tlie  conductor.    The  thickness  in  centimeters  of  the  slun 

measured  to  the  point  where  the  current  deofity  is  —  of  its  vahie  at  the 

surface,  is, 


3 


▼  4ir«i 


^nN' 


where  ^  ■■  vpeeific  resistance  of  conductor, 
11  M  permeabiHty  of  conductor, 
N  ■■  nequency  of  oscillation, 
and  the  effective  resiiBtance  of  the  skin  is  equivalent  to  the 
a  continuous  current  of  a  shell  whoee  thickness  is, 


for 


8»ViV 


For  copper  a  wm  1600  C.  G.  8.  units,  and  m  =  1.  If  the  frequency  be 
8.000,000  '*^  per  second  the  effective  thickness  8'  of  the  equivalent  shell  will 
be  .0025oin.  or  about  .001  inch. 


I 


iS^ 


' 


Fio.  11.  Antenna  with 
Ck)sed  Oscillating  Circuit 
Directly  Goinneoted* 


Fia.  12.  Cfooed  Oscillating 
Circuit  Coupled  to  Antenna 
Through  a  Transformer. 
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■^vt^Bic  AppArataii.  —  Two  eloaed  drouit  oMlUaton  may  exiilfall 

▼ei^  sharp  reaonanoe  —  a  Blieht  variation  in  the  oi^Munty  or  the  indnotenee 
of  either  oirouit  will  throw  them  out  of  tune  —  but  they  cannot  a£Fect  «adi 
other  at  any  great  distance  owing  to  their  poor  radiating  ajid  abacwliiug 
powers.  To  make  them  available  for  signaling,  they  are  ooiq>led,  eaeh  to 
an  antenna.  The  coupling  may  be  effected  by  a  direct  eleotrical  oonneetioB 
across  an  inductance  coil  or  auto-transformer  as  in  Fig.  11,  or  thioush  aa 
airsx)re  transformer  PS  (Fig.  12).  Such  a  compound  owdHating  nnstem 
combines  the  virtues  of  its  two  component  parts.    The  closed  oecilutiiv 


circuit  stores  energy  in  its  large-capacity  condenser  to  maintain  the  oeoill** 


tion,  and  this  energy  is  fed  out  alo^riy 
to  the  antenna,  which  radiatee  it  into 
space.  In  the  receiver,  the  prooese  ii 
reversed:  the  antenna  absorbe 
from  the  passing  wave  train  and 
municates  it  to  the  closed 
drcuit,  which  is  tuned  to  respond  to 
impulses  of  the  desired  freqiaency. 

To  obtain  the  best  results  in  bcyth 
transmitter  and  receiver,  the  oloeed 
euits  should  be  tuned  to  Um 
natural  frequency  as  their 
antenna  circuits.  For  this  purpose  a 
variable  inductance  L  (Fig.  13)  is  ofleit 
placed  in  the  antenna  drouit,  and  thus 
a  0iven  receiver  or  transmitter  may  be 


com- 


Inductively    Coupled  ^^  *<>  #M*l®*^u^'  /^^ 
er  with  Timinc  OoU  in  speotive  of  the  height  of  the 


FiQ.   13. 
Transmitter  with  Tuning  Ooil  in 
Antenna  CSrouit. 


frequeneieaTine" 


TRAirsMKrnauk 

The  simple  antenna  system  of  Fiep.  5  and  0  has  been  ahnost  tatintr 
superseded  by  the  compound  oscillating  system,  even  where  selectivity  a 
not  important,  because  of  the  far  greater  intensity  of  radiation  that  may 
be  obtained  with  the  compound  oscillator.  With  the  simile  mi*.w»»^^  tlkS 
energy  of  a  wave  train,  such  as  that  illustrated  in  Fig.  10,  consists  entirelT 
of  the  energy  which  is  stored  up  in  the  untenna  at  the  moment  the  spark 
occurs.  This  ener^  depends  upon  the  oapadty  of  the  antenna  ana  the 
potential  to  which  it  is  charged.  As  the  voltage  ^hat  may  be  suooessive^ 
used  is  limited  and  the  caj;)acity  of  an  antenna  is  comparatively  smaU, 
the  ener^  of  the  wave  tram  is  not  suffident  to  carry  it  over  a  long  dJe* 
tanoe.  Where  a  compound  oscillator  is  used,  however,  the  condensers  may 
have  a  capadty  many  times  as  great  as  that  of  the  antenna,  and  the  power 
of  the  apparatus  is  greatly  increased. 

A  typical  form  of  transmitter  with  compound  osdllating  circuit  is  shown 
in  Fiff.  13.  when  /  is  an  induction  coil  controlled  by  a  sending  k^  and  dis- 
charging across  a  spark-gap  B.  CPB  is  a  dosea  osdllating  drouit  com- 
prising a  battery  of  Leyden  jars  C  and  the  primary  P  of  an  ' 
transformer,  whose  secondary  S  is 
connected  to  the  antenna  A  and  to 
ground.  Both  primary  and  second- 
ary of  this  transformer  consist  of  a 
few  turns  of  stout  copper  wire^  or 
cable,  and  the  whole  is  immersed  in  a 
vessel  of  oil.  L  is  an  additional  in- 
ductance ooil,  whose  number  of  turns 
may  be  varied,  inserted  in  the 
antenna  drcuit  to  fadlitate  tuning. 
By  varying  this  inductance  and  the 
capadty  of  the  condenser  C  the  two 
circuits  may  be  tuned  in  unison  with  ^  ,..*,«       . 

each  other  and  with  the  recdving  Fio.  14.  Transmitter  with  A.  C  Supply, 
apparatus.  ...  . 

Tmnamttters  witli  A.  C.  Sopply.  —  A  more  powerful  form  of 
transmitter  is  shown  in  Fig.  14.    Here  the  power  is  derlvied  from  an  A.  GL 
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itor  D  wfaiofa  f6edf  an  ordinary  A.  G.  tranflformar  7*  woondfor  a  aeoond* 
ary  Toltaoa  of  about  20,000  volto  and  immened  in  oil.  Thia  takes  the  plaoe 
of  the  induction  ooil  of  Fig.  13  for  feeding  the  oscillating  oirouit  OCOC*.  The 
oscillating  drouit  is  coupled  to  the  antenna  through  a  single  ooil  L  having 
adjustable  terminals,  which  performs  the  double  function  of  auto-trans- 
former and  tuning  coil.  It  thus  serves  the  same  purpose  as  the  transformer 
P8  and  the  inductance  L  of  Fig.  13. 

If  the  alternator  were  directly  coupled  to  the  transformer  shunted  by  a 
spark-gap  the  apparatus  would  not  operate  satisfactorily  owing  to  its  tend- 
ency to  form  a  not,  low-frequency  arc  across  the  gap.  As  long  as  this  arc 
continued  it  would  be  impossible  to  charge  the  condensers  to  a  sufficient 
voltage  to  excite  oscillations.  To  prevent  this  arcing  a  large  adjustable 
aelf«4nduction  L.  is  inserted  in  the  pnmary  circuit  of  the  transformer.  This 
ebokai  down  any  sudden  rush  of  current  when  the  air-gap  breaks  down 


Its.  IS.    Qgh-power  Transmitter. 


and  aflows  the  arc  to  extinguish  itself  so  that  the  condensers  may  be 
ehar^ed  anew.  When  the  apparatus  is  suitably  adjusted  it  is  possible  to 
obtam  several  sparks  to  each  alternation  of  the  supply  current. 

Hlrli-pofr«r  Xraiianstttore.  ^- Where  very  intense  radiatbn  is 
required,  as  in  transatlantic  work,  still  more  powerful  apparatus  is  used, 
aaoh  as  that  shown  in  Fig.  15.  The  source  of  power  does  not  directly 
eonsite  the  active  oscillating  circuit,  but  Is  used  to  set  up  k>w-frequeaoy 
oseUlaitwns  in  a  primary  oscillating  circuit,  which  acts  as  a  secondary  source 
of  power  at  high  voltage  to  supply  the  active  circuit.  2)  is  an  A.  C. 
asnerator  whoee  voltage  Is  stepped  up  to,  say,  20,000  volts  by  the  trans- 
former T^  i2  is  a  rotatiiup  arm  gemd  to  the  shaft  of  the  generator,  and 
passing  within  sparking  diistance  of  two  metallic  sectors,  B^  Bf  When 
the  arm  comes  opposite  the  first  sector,  B^  a  spark  leaps  across  and  diargoa 
ft  large  condenser,  Cf  When  the  arm  reitches  the  second  sector,  Bi,  this 
oondensw  is  discharged  through  the  primary,  P.,  of  an  air-core  transformer, 
7*1.  OadUations  are  set  up  in  the  primary  oscillatixig  circuit  CxBxPxt  but 
they  are  of  oomparatively  low  frequency,  owing  to  the  large  capacity  and 
indvotanoe  of  the  cbcuit.  They  are  stepped  up  to  a  very  mgh  voltage  by 
the  transformer,  T].  and  serve  to  charge  the  smaller  condenser,  C%  of  the 
active  osdllatinff  dreuit,  C^P%  This  condenser  discharges  across  the 
qiark-gap  O.  ana  sets  up  a  new  series  of  oscillations,  of  the  same  high  fre- 
quency as  that  of  the  antenna  dreuit,  ASt,  to  which  tiie  circuit  C^Pt 
is  coupled  by  a  second  air-core  transformer,  T^  The  large  condenser,  t7i.  Is 
tiius  charged  at  a  moderate  voltMe,  and  its  energv  is  radiated  at  a  siiitable 
workini(  frequency,  which  woukT  be  impracticable  if  the  condenser  were 
simply  included  In  the  working  circuit  in  the  usual  way. 

• — The  distinctive  feature  of  thlsflsrstem 
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!fl  the  fact  thai  tbe  Antenna  b  not  grounded  (Fig.  10),biitiiOoimeol«dtoa 
capacity  area  K,    TbiB  to  made  in  the  form  of  a  metal  cylinder  with  voanded 


x*jn 


is 


-^^j»MS^/i^^ 


Fio.  16.    Transmitter  with  Artifioial  Qfoimd. 

ends,  made  in  two  parts  which  telescope  one  over  the  other,  so  that  its 
ity  may  be  varied.    It  forms  with  the  earth  a  condenser,  whieh 
purpose  of  a  ground  connection. 


the 


The  principles  which  govern  the  design  of  a  syntonic  receiver  are  similar 
to  those  which  obtain  in  the  esse  of  the  transmitter,  but  their  pmctical 
application  is  somewhat  different.  In  the  transmitter  a  oonsiderable  sim- 
ply of  eneigy  is  stored  in  a  charged  condenser,  and  this  energy  t^ces  the 
form  of  powerful  oscillating  currents  in  the  transmitter  dreuits.  These 
currents  are  surprisingly  heavy  —  an  induction  coil  fed  by  a  few  oells 
of  storac^  battery  may  generate  currents  of  several  huzmred  amperes, 
representmg  an  activity  of  many  horse^iMwer.  To  carry  such  ourroitB 
emcientlv  heavy  conductors  are  required,  and  circuits  of  la^  capacity  and 
small  inauctanoe  are  desirable  in  order  that  the  requisite  eneigy  may  be 
handled  at  practicable  voltages.  In  the  receiver,  however,  the  amount  of 
energy  received  from  the  incoming  waves  is  exceedingly  small,  and  the 
currents  induced  are  correspondinjBlv  feeble.  Where  a  coherer -» a 
potential-operated  device  —  is  used^  for  detecting  the  oscillations,  ths 
voltage  api>lied  at  its  terminals  should  be  made  as  li^ge  as  possible.  Hence 
the  oidllating  circuits  are  made  with  small  capacity  azKi  kige  inductance, 
and  thdr  ohmic  resistance  may  be  quite  laige  without  seriously  increasing 
the  damping  of  the  oscillations.     (See  Fig.  17.) 

But  where  the  shupeet  selectivity  is  required  It  Is  of  the  utmost  ImporC- 
ance  to  make  the  resistance  as  Bmau  as  possible  bo  as  to  diminldi  the 
damping,  for  a  strongly  damped  receiver  circuit  is  not  only  incanahAe  of 
sharp  resonance,  but  It  requires  a  close  coupling  to  the  antenna  eirenit  to 
secure  the  necessary  strength  of  signals.  Tne  sharpest  resonance  is  secured 
with  a  loosely  coupled  system,  for  there  the  oscillating  circuit  is  eompara- 
tively  free  from  the  disturbing  influence  of  the  strongly  damped  antenna 
drouit;  but  loose  coupling  diminishes  the  intensity  of  the  secondary 
oscillations,  and  requires  a  strongly  resonant  oscillating  eirenit  to  gtvs 
readable  signals.  TTsually  a  compromise  is  required,  and  the  closensM  of 
coupling  is  made  adjustable  by  varying  the  distance  between  the  primaiy 
and  secondary  coils,  so  that  loose  coupling  may  be  used  when  the  anarpen 
selectivi^  is  required,  or  stronger  signals  may  be  seeured  by  bringing  the 
coils  in  closer  inductive  relation. 

Coherer  ]ft«c«tv«r  wiHi   jrtemr*  —  This  reeeiver  ^Plg.  17)  ii 
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the  geeondftry  of  tUa  trftnsformer,  to  whoM  oiitar  terminab  the  ooherer  T 
ifl  oonnected.  The  aeoondary  ooil  /•  is  broken  in  the  middle  and  tlw  inner 
tcrminalfl  thus  fonned  are  oonnected  to  a  condenser  C,  and  also  to  the 
relay  and  recording  apparatus. 

The  peculiar  construction  of  the  jigger  is  shown  in  Fig.  17,  which  repre- 
sents half  of  the  coil  in  longitudinal  cross  section.  7  is  a  glass  tube  on  which 
is  wound  a  single  layer  u  of  primary  winding,  /a/9  are  the  two  halves  of 
the  secondsjy  winding,  which  is  represented  diagram  matically ,  each  of  the 
■igzag  lines  on  the  diagram  representing  a  layer  of  winding.  The  inner 
layerhas  the  greatest  number  of  turns,  ana  the  number  of  tome  dsoreases  in 
the  successive  layers  to  the  last,  which  has  only  tw(^or  three  turns,  jg  is 
the  eondenser,  from  which  wires  lead  out  to  the  relay  and  auxiliary  i^para* 


Flo.  17.    Coherer  Receiver 
with  Jigger. 


Fra.  18.    Method  of  Windiiic 
Jigger. 


tus.  The  secondary  winding  has  a  large  number  of  turns  of  fine  wire,  and 
its  distributed  capacity  and  mductance  are  such  that  it  has  a  natural  period 
of  vibration,  when  connected  to  the  ooherer,  equal  to  that  of  the  antenna 
circuit  and  of  the  incoming  waves.  It  is  thus,  to  a  certain  extent,  syntonic 
in  its  action,  and  it  has  the  further  advantage  of  stepping-up  thr  voltage 
of  the  receiver  osdllations  and  thus  increasing  their  enect  on  the  ooherer. 
As  thus  capacity  of  a  ooherer  is  a  rather  uncertain  and  variable  quantity,  a 
eondenser  Ct  is  sometimes  shunted  across  its  terminals  to  make  the  appara* 
tus  more  dennitely  selective. 

Jilie«etv«r  wttk  Ii^fr-reetataBc*  Detector.  —  The  peculiar  ar' 
rangement  of  the  last-ddsoribed  receiver  is  due  to  the  practically  open-cir- 
enit  charaeter  of  the  ooherer.  When  low-resistance  detectors  are  used  tbev 
mav  be  inserted  in  series  in  a  simple  resonant  circuit  as  shown  in  Fig.  19. 
If  u  an  air-core  transformer  whose  primarv  oolI  is  connected  in  series  with 
the  antenna,  A,  The  secondary  is  connected  in  a  closed  oscillating  circuit 
including  the  condenser  C,  which  is  preferably  adjustable  for  purposes  of 
tuning,  the  detector  Z>  and  sometimes  an  additional  inductance  ooU  L. 
The  transformer  M  la  preferably  a  loosely  coupled  one, 
as  the  low-resistance  character  of  the  oscillating  cir- 
cult  permits  comparatlTely  strong  resonant  currents 
to  be  induced  by  a  feeble  electromotive  force.  The 
colls  are  usually  mounted  so  that  the  distance  between 
them  may  be  varied,  to  adjust  the  coefficient  of  coup- 

]R«e«iv«r  wttk  SliBiitod  Detector.— Another 
arrangement,  which  permits  a  high  degree  of  selectiv- 
ity wnile  not  requiting  a  detector  of  especially  low 
resistance,  is  shown  in  Fig.  20.  Here  the  oscillatlnff 
circuit  SC  is  closed  upon  itself  and  the  detector  /> 
is  shunted  across  the  eondenser.  This  arrangement 
may  be  adapted  to  detectors  of  widely  varving  charac- 
teristics; thus,  if  the  deteotor  is  one  which  requires 
a  high  voltage  to  operate  it.  the  condenser  C  is  made 
of  small  oamtoity  and  the  inductanoe  is  made  corre- 
spondingly large.  If,  on  the  other  hand,  the  detector  has  comparatively 
low  reslavuioe,  the  oscillating  circuit  is  made  of  large  capacity  and  low 


Fio.  10.  Reeeiver 
cirouits  with  De- 
tector in  series. 
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restotAnoe,  so  that  it  may  be  robbed  of  oonsiderable  onmiii  wtthoot 
greatly  inoreasing  the  damping.  The  particular  detector  Bhown  in  tlM 
figure  ia  the  electrolytic  ("  polanphone  ")  cell  described  below.  ^  is  a  local 
battery  and  ^  is  a  potentiometer  for  aajusting  the  voltage  applied  to  the 
cell.  C  is  a  large  condenser  which  permits  the  flow  of  the  oscillators  to 
the  detector  while  preventing  the  short-circuiting  of  the  battery  through 
the  coil  S, 


.a 


Aiit4KColi«ren.  —  Besides  the  typical  filinffs  ooherar 
above  described,  many  other  forms  of  coherer  have  been  devised,  coma  owe 
their  distinctive  diaracteristios  to  the  material  of  which  they  are  made. 
For  instance,  if  carbon  crains  be  used  instead  of  metalUo  filings  the  operaiioa 
of  the  coherer  is  reversed,  i.e.,  the  apparatus  is  normally  a  fairly  good  conduc- 
tor, but  on  the  receipt  of  a  aagxml 
its  conductivity  is  destroyed.  De- 
tectors of  this  type  are  called  oali- 
eoheren.  The  De  Forest  ''Resppn- 
der"  acts  in  a  similar  manner.  Two 
dectrodes  of  tin  or  other  suitable 
metal  are  immersed,  close  together, 
in  a  poorly  conducting  liqukT,  sodk 

X^  '"H}  ^   A^f       I         **  glycerine  containing  a  trace  of 

^      ^  p       J         water,    in     which    are   suspended 
'  minute  particles   of  metal.     Under 

the    influence    of    a   local    battery 
these     particles    form     oonduotii^ 
bridges  or  ** trees"  reaching  across 
between   the  two    electrodes,    and 
completing  the  circuit  through  the  batterv  and  a  telephone.     When  oscillar 
Uons  are  passed  through  the  apparatus  the  bridges  are  disrupted,  the  con- 
ductivity is  destroyed,  and  a  sound  is  produced  in  the  tel^hone. 

Other  modifications  have  for  their  object  the  abolition  of  the  tapper, 
and  give  rise  to  the  class  of  aiUo-cokerera^  whose  action  is  entirely  automatic. 
A  globule  of  mercury  in  light  contact  with  electrodes  of  Iron  or  carbon  con- 
stitutes an  effective  form  of  this  device. 

Various  mineral  substances  also  have  been  found  to  be  more  or  leas 
effective  as  detectors  of  high-freqnency  oscillations.  For  example,  if  a 
crystal  or  fragment  of  caroorunaum  magnetite  or  metallic  silieon  be 
clamped  between  a  pair  of  metallic  temilnals  its  resistance  is  altered 
when  the  oscillations  are  caused  to  pass  through  it.  When  properly  cm- 
structed  such  detectors  are  quite  sensitive. 

An  improved  form  of  mercury  auto-coherer  Is  shown  in  Fig.  21.  A  disk 
of  steel  a  rotates  in  light  contact  with  a  globule  of  mercury  b  contained  In  a 


FiQ.  20.    Receiver    Circuits 
Shunted  Detector. 
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Fia.  91.    Mercury  Aoto-Ooherar. 

jup  d,  which  eonstitutes  one  terminal  of  the  apparatxis.  The  apiing  •» 
bearing  on  the  shaft  /  which  carries  the  disk  a,  constitutes  the  other  tcr- 
The  disk  a  ia  normally  separated  from  the  mercury  hy  a  thin  fiim 
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•leetrohrie,  C  if  the  eathode  of  atout  platinum  wire,  and  A  b  the 
anode,  both  sealed  by  fusion  into  the  glass.  The  anode  is  a  fine  j^mXinvm 
wire,  .001  inch  diameter  or  even  less,  sealed  into  the  oapillary  tip  of  a  amall 
class  tube  and  then  szound  down  flush  with  the  8ur£aoe  of  the  cmmb,  IcaTing 
only  the  end  eaqposed.  The  area  of  anode  surfaoe  is  thus  of  toe  oitler  of  a 
millionth  of  a  square  inch.  In  the  oonneetion  diagram  (Fig.  20)  D  is  the 
detector  proper,  F  an  adjustable  inductive  rcslstanoe  or  potentiometor,  to 
regulate  tne  voltage,  and  T  a  telephone. 

^ot>IUani«BS  Detectors. —  Another  type  of  detector  owes  its 
existence  to  the  peculiar  properties  of  an  incandeeoent  body  when  placed 
in  a  rarijied  gas.  Under  such  conditions  the  incandescent  body  emits  nen* 
tively  chuged  corpuscles  or  electrons,  which  are  free  to  move  abont  In  tarn 
rarifled  gas,  thus  rendering  it  a  more  or  less  good  conductor.  If,  for  ex- 
ample, an  incandescent  lamp  filament  be  mounted  in  its  exhausted  bulb  la 
dose  proximity  to  a  plate  of  metal  connected  to  a  third  terminal,  and  a 
battery  be  connected  between  this  terminal  and  one  of  the  temUnals  of  the 

filament,  a  current  will  flow  from  the 
battery  through  the  gas.  If  : 
electrical  oscillations  be  caused  to  i 
through  the  tube  between  the  filmnent 
.  ^  and  insulated  plate,  the  oondnetlvity 

C  , $L^      of  the  tube  Is  altered  and  varfatSoas 

r^      m I    ^ajmi/       1 4   of  the  current  from  the  battery  ooeur 

*^      1  TfciN-      J.  .  corresponding  to  the  presence  or  a^ 

sence  of  the  oscillations.  Fig.  M 
shows  a  hot-filament  detector  JD,  eoo* 
neeted  across  the  condenser  C  of  a 
closed  oscillating  circuit  8CC%  whkh 
in  turn  Is  coupled  to  the  antenna  A 
through  a  transformer  P8,  The  Ilia* 
mentof  the  detector  is  heated  by  a 
battery  B  and  the  local  receiver  eireuit, 
including  a  second  battery  B*  and  a  telephone  recelTcr  T*  is  connected 
between  the  insulated  plate  ITand  thepositlTe  terminal  of  the  filament. 


Fig.  24.  Hot-Filament  Detector. 


OsdllatleiBa. 

It  has  been  pointed  out  above  that  a  prime  requisite  of  a  selective  sig* 
naling  system  is  a  transmitter  whose  oscillations  are  not  strongly  damped. 
Anidealtransmltter  for  this  purpose  Is  one  in  which  the  oscillations  are 
absolutely  undamped ;  that  Is,  they  are  high-frequency  alternating  currenti 
of  constant  intensity.  Such  a  transmitter,  besides  making  possible  the 
highest  degree  of  selectiTity,  possesses  other  advantages:  for  example,  tbe 
continuous  character  of  the  oscillations  enables  a  glTen  amount  of  energy 
to  be  transmitted  at  a  very  much  less  Intensitv  than  is  required  with  s 
strongly  damped  oscillator,  which  emits  very  Intense  radiations  fbr  a  brief 
space  of  time,  with  long  intervals  of  inactivity  when  no  energv  is  radiated 
at  all.  Furthermore,  the  radiation  from  an  undamped  osuualor,  being 
continuous,  may  be  stored  up  cumulatively  in  the  reoeiver,  so  that  a 
sinial  of  very  feeble  Intensitv  maintained  for  a  comparatively  long  tfans 
will  have  a  relatively  powerful  effect  on  the  reoeiver. 

All  these  and  other  considerations  point  to  the  undamped  oscillator  as 
an  important  factor  In  the  future  of  wireless  telegraphv.  Already  such 
oscillators  have  been  produced  and  applied  to  practical  work,  but  it  Is 
impracticable  in  this  section  to  discuss  them  in  detaiL 


TELEPHONY. 

RarisBD  BT  J.  Llotd  Watmi,  3d. 

TmD  flieotrio  speaking  telephone  wm  SnTvnted  by  Alezander  QraluuB  Bel] 
(then  of  Boston)  in  1876.  While  exciting  great  interest  in  sdentifio  as  well 
as  popular  oiroles,  it  bade  fair  to  be  little  more  than  a  scientifio  toy  until  the 
interoommunicating  or  exohanfce  idea  was  brought  fcHrward.  It  is  in  this 
eonnection  that  the  telephone  is  of  primary  importance  to-day,  Uie  number 
in  use  running  well  into  the  millions. 

•c«pe  or  IVovd  T«l«pliOB«.  —  At  first  a  single  instrument  of 
Bell's  type  at  each  end  of  the  line  served  aU  purposes.  Now  commercial 
telephony  has  rendered  it  necessary  to  imiveraaUy  associate  with  these 
primary  mstruments  several  other  pieces  of  apparatus,  and  the  scope  of  the 
word  telephone  has  been  broadened  to  indnde  all  this  allied  apparatus  of 
the  telephone  or  subscriber's  set. 

ll«qitlreiii«B«s  for  OporatlOB.  —  The  fundamental  problem 
of  the  tdephone  is  really  more  one  of  acoustics  than  of  electricity,  and  be- 
cause of  this  all  attempts  to  solve  the  problem  failed  untU  it  was  approached 
from  a  purely  acoustic  standpoint.  In  order  to  understand  the  require* 
ments  ox  operation  it  is  necessary  to  understand  the  nature  of  sound  and 


Sound  is  propagated  by  means  of  vibrations  of  a  purely  physical  nature^ 
the  vibrations  of  the  various  particles  of  the  sounding  body  being  so  timed 


Fw.  1.    Phonogram  of  the  Woxd  "  Hello." 


that  there  results  a  progressive  wave  motion.  It  is  such  a  wave  motion 
impinging  upon  the  ear-drum  and  forcing  it  into  a  sympatiietio  vibration 
that  is  recognised  as  sound.  Sound  has  three  fundamental  properties, — 
loudness,  pitch,  and  timbre  or  quality.  Loudness  depends  upon  the  energy 
of  the  vibrations,  pitch  depends  upon  the  rate  of  vibration  —  thus,  the 
vibrations  per  second  —  while  quahty  depends  upon  the  kind  of  vibration 
the  individual  particles  are  performing. 

If  the  character  of  the  vibrations  is  such  that  the  wave  follows  a  simple 
sine  law,  a  fine  tone  is  produced.  Every  other  kind  of  sound  is  produced 
by  a  wave  more  complicated  than  that  of  a  pure  tQne.  Each  source  of 
sound  produces  a  wave  form  characteristic  of  that  sound.  Sounds  vary  in 
quality  from  the  pure  tone  to  the  most  discordant  noises,  but  there  is  no 
generallv  reco^ised  point  of  transition  from  one  to  the  other. 

Speech  consists  of  a  proi>er  combination  of  many  sorts  of  sounds  varying 
from  pure  tones  to  mere  noises  and  hisses,  intermingled  in  a  proper  order, 
and  each  i^ven  a  proper  relative  pitch. 

The  requirements  for  operation  of  the  telephone  are  that  any  series  of 
floimds  spoken  at  one  end  of  a  line  shall  be  transmitted  to  the  other  end 
and  there  nven  out  correct  in  relative  pitch  and  in  quality.  Ilie  term 
relative  pitch  U  used,  as  a  corresponding  change  in  the  pitch  of  aU  sounds 
has  no  oistortiBg  effect  more  than  the  difference  between  a  low-pitched 
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In  all  oommeroial  forms,  the  electromagnets  are  made  quite  ahort  and  are 
mounted  directly  upon  the  permanent  macnet.  The  cores  are  of  soft  iron 
and  are  almost  completely  covered  by  the  coil.  In  siogle-pole  receivers  (see 
Fis.  2),  but  one  end  of  the  bar  magnet  is  used,  one  coil  and  extewnon 
pole  sufficing.  For  such  the  permanent  magnet  is  usualijr  compound,  and 
the  coil  ana  pole  circular  in  section.  In  double-pole  receivers  (see  Fig.  3) 
both  poles  of  the  permanent  magnet  carry  soft  iron  extensions,  both  cores 
and  coils  being  of  oblong  section. 

The  soft  iron  diaphra^^  of  circular  shape  about  ^  of  one  inch  in  thick- 
ness and  2  to  2i  inches  m  diameter  is  secured  by  its  edjses  in  a  mamier  to 


dear  the  soft  iron  extension  cores  from  ^  to  ^  of  an  mch.  The  magnet 
thus  exerts  a  continual  pull  ui>on  the  diaphragm,  tending  to  distort  it,  con- 
cave inwards.  When  the  alternating  telephone  currents  are  admitted  to  the 
receiver  ooil,  part  of  each  wave  assists  the  permanent  magnet  by  its  electro- 
magnetic innuenML  increasing  the  attraction  and  causing  the  diaphra^ 
to  further  approach  the  magnet.  That  portion  of  the  current  of  opposite 
sngn  detracts  from  the  magnetic  puU  and  aUows  the  diaphragm  to  recede 
from  the  magnet.  The  diaphragm  thus  takes  up  a  vibratory  motion  oor- 
reqponding  to  the  dectrieal  waves  supplied  to  the  ooil,  and  it  imparts 
motion  to  the  surroundins  air,  which  results  in  sound  waves. 

Receiver  casings  are  of  various  shapes,  the  shape  beingdetermined  by 
the  siae  of  the  parts  and  the  dictates  of  convenience,  llie  most  usual 
form  is  the  hand  type  shown  in  Fiip.  2  and  3.  The  second  common  type 
is  the  "  watch-case  receiver  "  shown  m  Fig.  4  and  used  where  a  small  instru- 
ment is  required.  Lastly,  there  is  the  head  telephone,  in  shape  much 
like  the  watdi-case  receiver,  but  provided  with  a  spring  head  band  to  hold 
it  to  the  ear,  leaving  the  hands  free.  The  shape  of  the  air  ggmce  between 
the  diaphragm  and  the  aperture  in  the  ear-piece  of  a  telephone  is  of  prime 
importance.  This  air  space  is  now  universally  made  shallow,  from  ^  inch 
to  A  inch  in  depth,  and  of  an  area  nearly  equalling  that  of  the  diaphragm. 
A  rdatively  small  hole  connects  the  air  space  to  the  outside  air. 

Many  kinds  of  receiver  are  now  manufactiu-ed  and  are  upon  the  market. 
Detailed  descriptions  of  these  may  be  found  in  the  trade  catalogues,  the 
later  works  on  the  telephone,  and  in  a  series  of  articles  by  A.  V.  Abbott 
in  the  EUdrical  World  and  Engineer,  VoL  XLII. 

niaffiieto  TraaaMilttom.  —  The  ordinary  receiver  will  also  oper- 
ate as  a  transmitter,  and  it  was  thus  originally  used  by  Bell.  It  is  so  mis- 
erably inefficient  in  this  rOle,  however,  as  to  have  been  almost  immediately 
supereeded  by  the  battery  transmitter.  There  are,  however,  some  house- 
tdephone  systems  and  pnvate  Un^  which  employ  two  Bell  instruments  in 
snies,  as  receiver  and  transmitter  respectively.  When  so  used  the  dia- 
phragm of  the  transmitting  instrument  should  be  much  heavier  and  larger 
than  for  receivers  if  the  best  results  are  to  be  produced.  At  times  the 
operation  of  the  receiver  as  a  transmitter  is  of  material  advantage,  as  one 
may  so  use  it  by  talkinc  sufficiently  loud,  when  the  regular  transmitter  is 
out  of  order  and  unuaaUe.  In  this  case  it  is,  of  course,  necessary  to  shift 
the  receiver  from  ear  to  mouth  and  vice  verea,  as  the  case  demands. 

MmMmry  Traaamltter.  —  The  battery  transmitter  depends  for  its 
operation  upon  what  is  known  as  the  microphonic  action  of  a  loosely  formed 
electrical  contact.  It  is  found  that  if  a  source  of  steady  or  constant  electric 
potential,  such  as  a  battery,  be  applied  to  a  loose  contact,  within  Umits  the 
current  which  will  flow  will  be  in  exact  proiK>rtion  to  the  pressure  between 
the  contact  points.  If,  therefore,  one  contact  point  be  held  stationary  and 
the  second  be  clamped  lightly  between  it  and  a  diaphragm  vibratins^  under 
the  influence  of  a  sound,  the  pressure  between  the  contact  points  will  vary 
with  the  motions  of  the  diaphragm  to  produce  current  fluctuations  exactly 
corresponding  to  the  soimd  vibrations.  It  was  at  once  found  that  under 
no  circumstance  must  an  actual  rupture  of  the  circuit  be  allowed  to  occur 
at  the  loose  contact.  It  was  also  foimd  that  carbon  of  all  conductors  could 
be  subjected  to  the  greatest  extremes  of  pressure  within  the  range  of  true 
mierophonic  action,  and  because  of  this  property  it  is  largely  used  for  trans- 
mitter electrodes. 

Mafle-Coatftct  TraaaBtltter.  —  Of  the  early  successful  transmit- 
ters, the  Blake  is  by  far  the  most  important,  obtaining  at  one  time  almost 
miivenal  use,  although  it  is  now  almost  obsolete.  In  this  transmitter 
the  microphonic  action  took  place  at  a  single  contact  point  between 
a  globula  of  platinum,  driven  by  the  diaphragm,  and  a  button  of  earbon. 
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ia  toidCDor  btun  kocmmtad    bv  fl> 
I*  di«.phr*cm.  WUleBioaUaat  for^i^ 

u_,  — ike  truumitMr  oouM  b«  luad  for  M 

compBntively  (hort  Udm, bKuuB of  tlivbM tfaatiB 

sunvnlB.     A  s<>od  idi 
puta  of    Iliia    timnimilMr  mky 
Fif.6. 
■«_..._       .       .  —  ^.„,i««,^_in^„ 

of   th«  Rnr.  Ifr.  Hinu 

s  Blska  tmnBnitta'.       lu 

tiBTiiix  UDdcnoDO  aiuBiroua  modifioKtiao 
._,.„7emHitj  oubiuuMd  is  the "BoUd-Bact' 
type,  derekiiMd  by  Antbooj'  Wbit«. 

In  all  CraoBiuttaiB  of  tlie  Hunainga  typs  Ot»  nittt- 

phonie  butMo  oontiata  ra  two  alaDtrodea.  betwti  v 

of  luirouudinc  whioh  ia  a  maia  of  fmiulatad  e»rbiB 

a,  apprDHohinf  funpowder  in  Appearance.    The  electne 

.^     .   ^,  circuil  ia  from  one  to  the  other  electroda  throu^  |]h 

caibon  iprui^  ;  S'.  iranular  mua.     Aa  loni  aa  the  sranular  catMi  ii 

plBtiuuai  apriDE;  L,  kept  in  a  condition  of  looeencn  or  ''lishtneaa,"  ancb 

non  bracket;  f,  ad-  a    trastmitter  with    i(a    multitude  of  mienpliMiia 

juating  icrew.  oootact  poioti,  some  in  asriea  and  aome  in  panHd 

DonnectioQ,  ia  ideaL     The  reainlanoe  of  tatii  a  (no*- 

tnltt«r  ia  capable  of  a  change,   many  tima  thai  of  a  aLu^ils   oontact, 

it  being  practioaliy  impouibls  to  actually  break  the  electric  cireitiU     U^ 

fortonaMv  it  ha*  proved  to  bealmoet  imponible  to  kaq)  the  maaa  of  cna- 

ular  carbon  in  a  loose  oondition,  theiv  being  a  tendency  to  ■  "rrarkintf" 

vbich  npidiy  reduon  tbe  effieiency.     The  lolid-lMMk  tnuumitlor  largay 

□wee  it!  succeea  to  its  ability  to  vittutaiid  this  [—'•''■"t  taideney. 

ScaarlvtlsBsr-' Solid  Back"  XrSBaaalMcr,— TfaatsaiDcc' !>■ 
tratumitter  ia  uAually  the  only  part  in  view,  the  openting  paita  beioc  v^ihiv 
ft.    The  transmitter  front  ia  iupported  by  thegon^-ehaped  bao^and 
all  theparta,     Thi-  '    - '       "~   --■-'- -■— ' -^      • 


PiO.  E.      Secti 
Blake  Tranai_. 
D.  diapbrapn 


The 


int  ia  Bupported  by  thegon^-ahaped  bao^  and  caniM 
int  is  very  stiff,  and  the  mouthpieee  of  fuud  rubbs 
uminum  diaphngm  lies  in  a  raoeptaele  out  for  it  n 
This  diapbrafcm  Eaa  a  rubber  band  ana^    ' 


g  thus  tonned  i 


hnigni.    ^_, 


periphery,  an  Bnuli 
Bprings  with  soft  ru 

electrode  chamber  is  tonned  out  in  a  sin^e  piece,  an  insulating  lining  cf 
vamiabed  paper  ooverinB  ita  cyUndrical  aide  walla.  The  back  daotnMle  is 
eompoaed  at  a  carban  disk  eoldered  to  brasa  mounUng  pleoe.  tbe  *■"'■''-' 

S'ece  Ixing  aeouied  in  the  bottom  of  the  ehamber  by  its  straw  atud.  The 
ant  electrode  is  alao  a  disk  of  eartion  soldared  to  a  braas  mounting,  and  an 
auidlia-ry  diaphragm  of  mica  ia  providsd  to  carry  it  and  at  tbe  same  time 
seal  the  ohamber.  The  mica  diaphragm  m  ia  perforated  and  alipa  ov«r  the 
■houliier  p,  being  clamped  by  the  nut  u,  whioh  scran  down  upon  tbs 
ahouider. 

The  chamber  is  now  charged  with  graculea.  the  front  electrode  ia  jilaeedin 
poaitioD  and  the  edge  of  the  BUiilJacy  mica  diaphngm  clamped  tigbtly  by 

DBTboD  an  insulated  from  the  side  mils  of  the  ohambei  and  the  fmnt  elee- 
trode  is  InaulAted  by  ths  mica  mounting,  so  that  an  electric  drouit  maj  be 
led  through  the  Ijulton  from  electnide  to  electrode. 

The  completed  button  is  now  aecuied  betauuj  the  main  diaphragm  and 
a  heaving  bridge  piece  which  spans  the  reoeptacle  in  ths  rear  of  the  fmit 
piece.  'Aie  stud  W  (Fig.  6)  has  a  seat  in  the  bridge,  while  the  front  eler- 
trode  ia  secured  to  the  cenler  nf  tbe  diaphngm  by  the  stud  and  nnte  shown 
in  Fig.  6.  Whan  everything  ia  adjusted,  a  set  nut  dainpa  the  stud  W  in 
place.  A  small  flexible  insutaWd  wira  extends  from  the  (rant  eleotrode  lo 
an  insulated  tareninal  upon  the  bridge  piece,  the  metalllo  body  serving  aa  a 
terminal  for  the  rear  electrode. 

ThevibntiMU  of  thediaphTBgu'.are  eommunioated  lo  (ha  front  deettode 
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Fxo.  0.    Section  of  Solid-Baok 
Transmitter.  Jf ,  moutlipieoe: 


by  the  pin,  whicli  forms  a  rigid  conneotion  between  theuL.  The  deetrodeb 
having  a  certain  freedom  of  movement  within  the  little  chamber,  varies  the 
pressure  on  the  layer  of  carbon  granules  between  it  and  the  back  deetrode 
tho'eby  setting  up  the  usual  variation  of  resistance  required  in  a  carbon  trans* 
mitter.  The  design  of  the  instrument  is  very 
good.  The  two  electrodes,  being  of  carbon, 
nigh^  polished,  make  excellent  contact  with 
the  carbon  granules,  thus  affording  the  best 
opportunity  for  wide  variation  of  resistance 
under  vibration,  while  the  carbon  electrodes, 
being  soldwed  to  brass  disks,  have  good 
metallic  contact  obtained  with  the  two  sides 
of  the  primary  circuit.  The  "packing" 
difficulty  is  nearly  obviated  in  this  form  of 
transmitter.    The  space  in  the  chamber  is 

but  partiallv  fiUea  with  carbon,  and  the  i»".-o"-vv«.  ««.  >»v/t.wut/«^vvt 
space  around  the  edges  of  the  electrodes  ?•  diaphragm:  E.  front  eleo- 
oontains  a  certain  quantity  of  it,  which  is  not  *fo«»*»  ?*  back  electrode;  W. 
directly  in  the  circuit,  and  doee  not  become  dectrode  chamber;  P,  metal 
heated  by  the  current.  Any  expansion  of  b»?<l««  Pi«o«;  Ot  set  screw;  m, 
the  granules  immediately  between  the  dect-  micawasher;  p,  threaded  pin 
rodes  through  heating  causes  a  displacement  ^^  front  electrode;  s,  rubber 
of  part  of  the  heated  carbon  into  the  cooler,  band;  /,  damper;  C,  case ;  F, 
When  the  transmitter  is  out  of  circuit  and  «>ver. 
oools  off,  the  granules  tend  to  resettle  into  thdr  orispnal  pNodtion. 

The  chamber  ^  containing  Uie 
parts  of  the  instrument  is  extreme 
small.  By  unfastening  the  scrows  whi< 
hold  the  cover,  Uie  entiro  transmitter  can  be 
withdrawn,  the  connecting  cord  joined  to  the 
insulated  binding-post  having  first  been  dis- 
connected. On  account  ox  the  smallness 
and  ddicacy  of  the  parts,  great  care  is 
required  in  handling  the  transmitter  when 
assembling  or  taking  apart.  When  properly 
chamber;  1  insulating  lining;     set  u]},  it  needs  no  adjustment:  and  indeed 

B,  back  dectrode;  a,  brass     **- — * ^^' — ^*^-^  —  "^^  -^ — '-^ — ' — 

backing;  B^  front  dectrode : 
h,  brass  backing ;  p,  thread 
for  nut  U\  m,  mica  washer;  -u, 
nut  for  daraping  m  in  place ; 


Fia.7.    Details  of  Solid-Back 
Transmitter.    TT,   dectrode 


there  is  nothing  that  can  be  adiusted  unless 
some  radical  defect  exists.  Figs.  6  and  7 
show  the  details  of  construction  by  means 
of  a  section  of  the  transmitter  mounted, 
.     „  .  and  a  section  of  the  various  parts  of  the 

TP^  thread  for  t  and  f:  e,  cover  chamber,  and  a  front  view  of  the  chamber, 
of  TF;  TTt  nuts  for  clamping  The  following  dimensions  give  an  idea  of 
front  dectrode  to  diaphragm,    the  sises  of  the  parts  of  the  carbon  button 

of  the  solid-back  transmitter. 

S^Mtration  of  dectrodes 05  inch. 

Diameter  of  front  dectrode 60  inch. 

Diameter  of  back  dectrode 60  inch. 

Diameter  of  chamber 75  inch. 

Thickness  of  paper  lining 005  inch. 

Thickness  of  mica  diaphragm .010  inch. 


( 


Wdght  of  carbon  granules  used  —  Approx.  400  m^pns. 

Diaphragm  of  aluminum,  2Y  dia.,  .02^  thick,  varnished  on  one  side. 


Hie  solid-back  transmitter  is  most  efficient  when  the  diaphragm  is  in  a 
vertical  plane,  but  the  efficiency  is  not  much  changed  so  long  as  the  dis« 
placement  from  the  vertical  is  not  great.  As  the  diaphragm  approaches 
the  horizontal  pomtion  the  transmitter  not  only  loses  its  effidency,  but 
there  will  be  much  confusion  and  distortion  of  the  sound,  and  at  times 
the  transmitter  may  be  wholly  disabled,  the  cause  of  this  being  that  the 
chamber  is  but  partially  filled  with  granules,  luid  the  carbon  may  udl  almost 
or  entirely  away  from  the  upper  dectrode. 
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C«Mm«i«t»l  ««  «oll4-]»ack  »*    Traannlttovw*  The    wfiMsMk 

tranamitter  manufactured  by  some  companies  for  the  open  market  is  pnc> 
tically  a  (duplicate  of  the  above,  except  as  to  unessential  detaula.  Om 
notable  exception  is  the  inverted  "ype  ->!  solid  back  devised  by  Mr.  W.  W. 
Dean.  In  this  transmitter,  the  carbon  retaining  chamber  is  formed  is 
the  diaphrasm.  and,  therefore,  there  is  introduced  oy  the  vibration  of  tte 
latter  an  aaditional  '«udenoy  to  shake  up  the  carbon  granules.  In  dsCsfl 
design  and  nse  of  parts  this  transmitter  adheres  closely  to  the  Bell  "'Sofid- 
ba^"  modeL 

^  Con  Plaster  "  9^rp«*  —  Another  type  of  granular  transmitter  eac- 
siderably  used  but  not  so  good  as  the  preceding,  is  that  employins  a  M 
washer  as  the  containing  chamber  for  the  granular  carbon.  Such  a  trsas' 
mitter  depends  upon  the  elasticity  of  the  felt  to  permit  of  the  relative  motioct 
of  the  eleotrooes  which  close  the  chamber  at  the  front  and  nsr 
respectively.  .  ,    ,  . 

*^  P«cklB|r  aed  Uapackiac.*' —  A  packed  transmitter  may  be  recc«- 
nised  by  the  dullness  of  the  transmitted  tone,  the  life  being  so  far  taJt*» 
out  of  the  tone  at  times  as  to  render  the  words  indistinguiRhahie.     To 


may  be  packed  by  j^ulling  the  diaphrasm 

either  manually  or  by  closing  the  mouthpiece  with  the  hps  and  ■n**H^ 
To  avoid,  such  abuse  of  the  transmitter,  mouthpieces  are  now  proTided  wnl 
gratings  in  the  front  and  air  ducts  at  the  base. 

How  to  Use  a  CFraavlar  Bnttoa  Vraasmltter. — The  eleotndsi 
of  the  transmitter  should  al wajrs  be  in  a  nearly  vertical  plane.  The  Hps  should 
be  placed  close  to  the  transmitter  and  the  voice  directed  into  the  mouth- 
piece. As  the  weifi^t  of  the  parts  to  be  moved  is  considerable,  a  lane  pR>- 
TOrtion  of  the  energy  of  the  voice  must  be  expended  upon  the  diaiiErBfm. 
When  used  properly,  a  tone  of  voice,  such  as  used  in  ordinary  eonvenat»s. 
should  be  amply  sufficient,  and  of  this  scarcely  any  need  escape  to  the  soi^ 
rounding  air. 

ljikla€)tion  Coll. —  When  the  battery  transmitter  was  first  introdueed 
it  was  planned  to  connect  it  directly  in  the  line  in  series  with  the  faattCfT 
and  receiver.  In  this  connection  the  total  allowable  resistanoe  change  in 
the  transmitter  is  very  small  in  comparison  with  the  total  line  reeistancei 
and  therefore  the  corresponding  current  changes  in  the  receivers  are  Gmslt 
and  of  little  effect.  Furthermore,  the  longer  the  line,  the  less  proportiona] 
part  of  the  total  resistance  is  the  changeable  part  of  the  transmitter  resist- 
ance, and  thus  the  longer  the  line,  the  less  the  possible  transnuttiag 
effect. 

To  obviate  thio  difficulty  Edison  introduced  the  induction  coil  oonnecttns 
the  transmitter  and  battery  in  circuit  with  the  low-resistance  primary  ana 
oonnecting  Uie  secondary  in  series  with  the  tdephone  and  line.  Witn  thk 
arrangement,  not  only  is  the  variable  transmitter  resistance  made  a  lane 
proportion  of  that  of  its  circuit  and  this  proportion  made  invariable  wu 
the  length  of  the  line,  but  also,  by,  making  the  number  of  .turns  in  the 
secondary  winding  large  in  comparison    with    those  of  the  primary,  ths 

Benerated  secondary  voltage  is  made  quite  high,  and  thus  suitable  for  loof 
nes.    There  is  yet  another  effect:  vis. :   the  variable  current  of  the  trasS' 
mitter  circuit  becomes  transformed  into  a  true  alternating  current. 

Coastractton  of  ladactlOB  Coll.  —  The  induction  coil  is  almost 
invariably  of  the  o^en  magnetic  circuit  type.  The  core  is  composed  of  a 
bundle  ox  annealed  iron  wire,  upon  which  is  wound  the  primarv,  usnsJly  oif 
comparatively  heavy,  in«iilat»e(f  copper  wire,  whfle  the  secondary  of  fine 
wire  surrounds  this. 

I^slira  of  the  Xadactloa  Coll.  —  Thus  far  no  geoenl  method 
of  computing  induction  coils  has  been  developed,  the  best  des^n  for  any 
work  being  found  by  a  "cut  and  try"  method.  Usually  each  manulaetarsr 
has  determined  by  a  series  of  experiments,  more  or  less  elaborate,  tikst  a 
certain  induction  coil  will  ^ve  good  results  when  coupled  with  his  trans- 
mitter and  receiver.  He  will  then  use  this  coil  until  soinething  better  ii 
happened  upon.  Very  few  comparative  tests  of  induction  ooUs  are  upon 
record,  and  such  as  are,  give  no  clew  to  any  rdation  whatever  betweai  nod 
transmission  and  the  physical  dimensions  and  eleotrkal  omwtsnta  of  ths 
coiL 
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HOOK  0irXVOH* 

Aftar  attemptliic  in  vain  to  uae  as  a  means  of  oaOins  sraatly  magniftwrt 
earrents  o^  the  telephone  type,  produced  by  over-exoiting  the  tranamitter, 
there  ronained  but  two  altemativee.  Of  these,  one  was  to  parallel  the 
tdephone  line  with  a  calling  line,  each  line  to  carry  currents  of  its  own  type; 
while  the  second  was  to  use  the  tdephone  line  in  a  double  function,  switwmg 
upon  the  ends  either  calling  or  talking  apparatus  as  denred. 

This  latter  method  was  used,  hand  switches  being  adopted  until  the 
f orgetfulnesB  of  users  proved  that  such  were  most  unrdiable,  a  talking  and 
a  calling  apparatus  b«ng  frequently  inadvertently  left  connected  together 
in  a  manner  to  defeat  the  whole  svstem.  The  hook  or  automatic  switch 
proved  a  iairfy  satisfactory  means  of  owcoming  this  difficulty ^  being  to-day 
m  almost  umversal  usa  In  the  first  place  the  switdi  lever  is  prmnged  to 
form  a  support  for  the  reoaver,  and  it  should  furthermore  be  about  the 
only  visible  means  of  support  for  the  receiver.  Wheo  the  we&rht  of  the 
receiver  is  upon  the  prongs,  the  lever  is  depressed  so  that  the  camxig  appa- 
ratus alone  is  connected  to  the  drouits.  On  the  other  hand,  when  the  hook 
rises  in  response  to  a  spring,  the  receiver  being  removed,  the  twitch  operates 
to  connect  in  the  talking  circuits. 

I^«alfm  of  fliook  Swltckea.  —  Hook  switches  are  of  many  designs^ 
each  manufacturer  producing  his  preferred  idea.  Many  are  of  equal  effi« 
dency.  The  main  points  to  be  considered,  are:  first,  to  have  the  switch 
springs  perform  exactly  the  functions  denred;  second,  to  be  sure  that  they 
perform  no  accidental  and  detrimental  fimctions;  third,  to  have  the  motion 
of  the  springs  limited  by  positive  stops;  fourth,  to  be  sure  that  the  weight 
of  the  receiver  is  an4>le  to  actuate  the  switch;  fifth,  to  have  a  sliding  moUon 
at  the  points  of  contact  which  should  preferably  be  plaUnum  tipped;  and, 
sixth,  to, have  the  hook  prongs  so  shaped  as  not  to  injure  the  receiver.  In 
enrplanation  of  these  points,  it  may  be  said  that  in  usual  s;irstems,  the  switoh 
lever  on  rising  must  connect  two  contact  points  to  a  third  in  common,  as 
will  be  seen  uom  later  circuit  dcetches.  In  Uie  depressed  position  some- 
times it  is  merely  necessary  to  break  this  connection,  and  sometimes  in 
addition  necessary  to  make  a  third  connection.  As  to  positive  stops  it 
may  be  said  that  when  switch  springs  are  allowed  to  come  to  a  positaon  of 
rest  due  to  their  own  set,  they  are  quite  sure  In  time  to  have  the  position 
of  normal  set  sufiloiently  disturbed  to  disarraon^e  the  apparatus.  A  sUding 
motion  of  the  contacts  over  each  other  is  desirable,  as  the  contacts  thus 
become  laigely  self-cleaning.  As  to  the  hook  prongSi  it  has  probably  been 
noted  tiiat  nearly  all  are  now  provided  with  ring  ends  ^ich  cannot  be 
forced  against  the  receiver  diaphragm. 


GaDing  amiaratus  has  been  worked  out  upon  several  complete  systems. 
The  most  obvious  one,  employing  direct  current  from  a  battery  with  push 
buttons  and  vibrating  bells,  while  still  holding  its  own  for  the  very  short 
lines  of  some  house  mtems  and  for  toy  lines,  has  proved  unsuited  for  com- 
mercial telephony.  This  system  will  therefore  be  ignored  here,  but  it  will 
be  mentioned  in  the  sections  on  House  or  Interior  systems. 

For  general  commercial  workixig  the  polarised  bell,  sensitive  to  alternating 
eurrents,  has  proved  to  be  the  best.  To  produce  the  alternating  currents 
for  actuating  It,  a  magneto  generator,  i.  «.,  a  dynaiao  having  permanent 
ma0Mts  for  nelds,  was  lonff  ago  adopted,  and  this  fact  has  given  the  name 
to  this  system,  vis.,  the  **  Magneto  "  system.  Recently  a  calling  system,  a 
combination  of  battery  and  magneto  calling  has  been  extensively  adopted. 
With  this  system^  calls  for  ihe  stations  are  made  by  means  of  the  polarised 
ImQ  with  alternating  current,  while  calls  towards  the  central  or  interconnect- 
ing station  are  made  by  direct  battery  current  operating  an  annunciator. 
Tne  sending  of  the  calUng  signal  is  effected  by  merely  removing  the  reodver 
from  the  hook.  This  is  the  calling  system  employed  with  the  now  prevalent 
*'eoip4Km  battery"  eystem. 
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There  are  two  methoda  of  oonnecting  callins  appaarmtas  into  tn— 
oirouito.  The  first  of  these  is  termed  "series,"  and  is  that  shown  in  fi^  9* 
where  it  wiU  be  seen  that  the  ^senerator  and  bell  axe  wired  in  aeriea.  and  I 
there  be  an  extension  bell  as  in  Fig.  9,  this  is  connected  in  series  also.  la 
the  "bridging"  system,  on  the  other  hand,  the  geoerator  and  bell  aie 


Fio.8.    Diagram  of  Oonneotioos  Fio.  0.         ^ 

of  Series  Magneto  Bell  and  .    Connections  of  Eztenann 

Tel^hone  Set. 

connected  across^the  line  in  parallel,  or,  in  other  words,  th^  ara  ** bridged" 
across  the  line.  In  case  there  is  but  one  wire  used  for  Uie  line^  the  earth 
serving  for  a  return  circuit,  the  bridges  are  made  from  the  Una  to 
of  bridging  sets  are  shown  in  Figs.  10»  27,  28,  and  6& 


«  I '  » 


/+N    /K 


-on. 


4llt_|<4i>| [|_ 


,jr"]^;^^  *^ 


Ir^ 


III 


Fia.  la 


As  the  reqidrements  for 


operation  of  the  oaBing  apparatoi  ai« 
difiFerent  in  the  aeries  and  bridging  systems,  it  will  be  neoessary,  from 


on,  to  point  out  the  differences  in  the  apparatus  designed  for  thi 


The  worUng  parts  of  a  polarised  bell  always  include  an 
a  permanent  magnet,  a  pivoted  armature  carrying  a  bell  dapiMr, 
gongs.    Tlieee  may  be  disposed  wi^  reference  to  each  other  in  a 
of  ways,  but  always  with  the  same  result.     It  wUl,  therefore,  be  neoai 
to  consider  the  most  general  type  only,  a  dia^prammatical  view  of  wUoh  ^^w 
of  bell  is  shown  in  FijS.  11.  ana  a  ride  view  m  Fig.  12. 

The  armature  is  pivoted  to  vibrate  in  front  of  the  poles  cf  the  ekeCro- 
magnet,  the  pivot  Iving  in  a  plane  parallel  to  the  pole  laoes,  being  midway 
between  the  two  poles  and  so  placed  with  reference  to  them  that  the  arma* 
ture  cannot  touch  both  poles  at  the  same  lime.  The  permanent  or  polar> 
ising  maanet,  usually  a  very  broad  U,  has  one  of  its  poles  seemed  to  the 
middle  of  the  yoke  of  the  dectromamet,  while  the  other  eoctenda  to  a  point 
just  beyond  and  over  the  middle  of,  out  out  of  oontaet  with,  the  annatura. 
The  coils  of  the  electromagnets  are  connected  directly  togeuier  and  to  the 
wiring,  without  movable  contacts  of  any  kind. 

When  there  is  no  current  flowing  in  the  coils,  the  eleotrcMnagnet 
act  merely  as  eztenrions  of  the  permanent  maniet,  both  pedes  of  it  ' 


magnetised  alike  and  of  opposite  polarity  to  that  of  the  frm  end  of  the  per* 


THB  POIiARIZEO  BELL. 
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manent  magnet.  The  annstore  also  becomes  macnetiaed,  but  by  induction, 
-with  two  free  and  one  oonaequent  pole,  the  free  poles  being  sucn  that  there 
is  an  attraction  for  each  by  the  opposed  core  of  the  electromagnet.  These 
attractions  are  not  equal,  exo^t  when  the  armature  is  exactly  in  its  mid, 
an  unstable,  position.  In  any  other  position  the  attraction  is  greater  for 
the  nearer  end  of  the  armature  than  for  the  other.  Thus  the  armature 
naturally  comes  to  rest  a^inst  one  or  the  other  pole,  as  the  case  may  be. 
When  alternating  current  is  put  on  the  line,  the  first  impulse  may  do  one  of 
two  things:  it  may  be  of  direction  such  as  to  strengthen  electromagnetically 
the  puU  of  the  pole  upon  which  the  armature  is  resting^  by  adding  the  effect 
of  tne  current  to  that  of  the  permanent  ma^et,  while  at  the  same  time 
decreasing  the  effect  of  the  other  pole  by  a  similar  but  subtractive  effect; 
or  the  current  being  in  the  opposite  direction  may  weaken  the  pull  of  the 

C>les  in  proximity  and  strengthen  that  of  those  s^>arated.  It  is  this 
tter  kind  of  impulse  which  starts  the  beU,  for  the  armature  will  rapidly 
tilt  in  response  to  the  changed  attractions,  only  to  be  tilted  back  immedi- 
ately by  UM  succeeding  current  impulse  of  opposite  sign.    This  action  is 


Fm.  11.    liagneto-Generator  and 
BeU- 


Fxo.12.    Polarised  Ben  with  Long 
Core  for  Ringer  of  Bridging  Beu. 


repeated  for  eaoh  reversal  of  the  onnCQi,  the  armature  and  bell  elapper 
fpitirmg  a  double  vibration  for  eaoh  eyelo  of  the  current. 

For  bridging  working  it  will  be  seen  that  the  bells  are  shunted  directly 
aerosB  the  talking  instnimflDts,  and  they  must  therefore  be  designed  witn 
referenoe  to  this  effect.  It  has  been  found  that  with  a  resistance  of  winding 
of  1000  ohms,  using.  No.  88  copper  wire  and  cores  about  three  inches  long, 
the  shunting  effect  is  nei^igible  even  when  a  considerable  number  of  beUs 
are  placed  across  the  line.  It  is  essential,  of  course,  that  the  resistance  be  all 
or  almost  all  wound  upon  the  cores  of  the  bell,  as  the  tdephone  current 
being  idtemating  the  virtual  resistance  due  to  the  inductive  winding  is  far 
greater  in  effect  than  the  ohmio  resistance,  and  again,  as  the  Efficiency 
of  the  bdls  demands  the  greatest  possible  number  of  turns  where  effective 
fai  operating  the  armature. 

Fat  series  systems  the  very  opposite  oomUtion  obtains^  for  not  only  is 
the  beQ  ulwavs  removed  from  influence  upon  the  talking  circuit,  but  econ- 
omy demancb  that  the  resistance  be  kept  low^  especially  where  several 
-pieees  of  apparatus  are  in  series.  Eighty  ohms  is  the  usuid  resistance  for 
series  bells,  and  the  cores  are  made  much  shorter  than  for  bridging  bells. 

Recently  a  type  of  bell  known  as  "biased"  bells  has  come  into  use  for 
certain  party  fine  systems.  Such  bells  have  in  addition  to  the  features 
above  mentioned,  an  adjustable  eprinff  which  serves  to  give  the  armature  a 
bias  in  one  direction  so  that  it  wiU  always  come  to  rest  against  the 
same  pole  piece. 
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At  previoualy  iKil«d.  the  macneto  ^snsnlor  ii  prorided  with  k  fidd  by 
pflmunent  iiiasti«t&  From  two  to  nix  U  mAgneta  bre  lUBd,  tJiroe  bcuf 
uia  mott  [r«i]u«it  DUDib«r.     Thcas  macnets  ars  nnially  cold  Mot  fram  bar 

mt«r[rom  a  radpeai.  are  macnetiied  by  adokinc.  TlifM  macDeU  nan  a 
pal*  frame  within  which  the  amuture  turns,  nie  armature  u  of  tbe  &■ 
BiemeDi  type,  usually  of  cast  iroD^  and  wound  full  with  fine  wire.  Tbe 
number  ol  tuma  of  wire  and  the  me  of  wire  vary  considerably  with  tbe 
use  for  vhieh  the  apparatus  is  desicDed.  The  armature  is  driren  by  haad 
throush  a  sear  train  arranged  Be  tnat  one  will  ordinarily  drive  tbe  Knna- 
ture  about  lOOO  revolutioua  per  nunute.  At  this  speed  the  proper  potential 
tor  operating  the  bella  sbould  be  delivered.  This  latter  rancee  from  forty 
volts  up,  serjes  system  machioee  usually  generating  a  hisher  vtjitace  arul 
less  current  than  those  for  bridging  systems.     One  terminal  of  the  arma- 

turn  is  luually  brought  out  through  an  lui    '       '    '    ' 

the  frame  servee  aa  the  other  terminaL 


J  , , —  .  — b  oonriderable  thoagbt  has 

been  expoDded.     3ueh  is  the  interposition  of  a  flexible  spring  eoupUi^ 
between  the  driving  gear  and  tbe  armature  shaft  to 
noiselcB.     Another  is  the  propei  proportioDille  of  (hi 
pales  and  the  gap  between  the  pole  tips  of  the  fial 

eSestivs  wave  form.     It  is  genenlly  oouoeded  that  ik 

be  equ^  for  beet  mults,  Tlie  automatie  awitoh  is  still  aHnnw  leatur*. 
This  IS  a  switoh  sg  airangod  that  the  geoerator  is  cnt  from  eireuit  exont 
whui  aotufllly  in  use.     For  a  series  aysf *-'—  ' ' — -     ' 

^oerator'bridge'nmst'^  opensl.     In  i 

driving  handle  must  be  deprresed  to  «>□ 

automatically  controls  it.  A  prevalent  type  of  autoa 
in  Fie-  13.  Here  the  driving  pin  rid«  the  sloping  gi 
shaftloDVtudlnally  to  the  left- 

For  the  Common  Battery  system,  .-  '    '  -   

ia  required.     Ttie  bell,  however.  Is  en 
syatem  will  be  raterrad  to  more  fully  la 


y  daacribad.    TUs 
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.  ■    „ BT,  the  telephone  ciirtent  la  u  »HBn>»tim  current, 

•nd  ia  therefon  aubieot  to  all  the  loflueiion  of  ioductsooe  and  c^soity. 
Tbeae  vo,  moreover,  eJnwedincly  potent  In  their  effects,  because  of  the 
Terr  hiBh  tnqueugy  of  the  CelepbiHie  curreat,  and  beeauae  thi*  ouireot  ii 
made  up  of  nipeiimpoeed  mvei  of  many  trequanciaa. 

IndnetaDee  ahnys  tsnda  to  eholce  oO  alternatiu  eurraota  paarinc  thnmch 
it.  While  all  line*  baTa  isduetanoe,  that  with  wiueh  we  an  moat  eonoerned 
ia  due  to  coUa  of  wire  about  a  core  of  inm.  8aah  eoUa  are  vaiiaiig]y  called 
in  telephony,  ahoke  cMm,  retardation  coils,  inductanoe  ecdUt  aitd,  althouah 
Dot  entiraly  properly,  Impedance  coiis.  The  inductance  of  a  coU  such  as 
in  a  receiver  or  a  bell  macaet  has  a  rsducini  effect  equal  to  a  loatp  length 
of  Bne;  and  a  few  small  ooils  in  sarip"  '»*  ■  '■"■  ""  '*'^"  !■"»-  r^n-  w,n  tiam 
tlw  pnietloal  effect  of  so  lsa«theaint 
beyond  the  reach  of  the  nceirins 


"  ?t"is'  tl 


Fla.  14.    Complete  Uscueto-Bell 


Flo.  IS.     The  Biidcina  BeU. 


which  renden  the  bridcinc  beD  piactlcable. 


e  lover-     Evan  when  present 
le  a  "drummy"  sou'"' 

aroondenswa  is  aim 

a  aonducta  the  lelephoi 


Una  It  if  in  the  fonn  of  a  eoDdcnso'  of  _ 
Am  to  the  Bna  wliaienr  it  is  dctdrabte 
■nmot  and  to  stop  the  flow  of  direct 


It  tlte  flow  of  alCamatins 
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the  ooQ  of  which  ib  neoessarily  included  in  aeries  in  a  fiillrif>g  circuit  for 
nalinc  purpoaes. 

ResiBtanee  acts  juBt  as  would  be  expected,  to  attenuate  the  toABpfa 
current.  As  aU  component  periodicities  are  reduced  equally,  hoi 
there  is  no  distortion.  Leaving  out  of  consideration  the  oonciuctkm  d 
direct  currents,  the  only  case  in  which  resistance  is  of  much  importaaci 
is  whoi  it  is  combined  with  distributed  capacity.  For  a  lon^  time  Lad 
Kelvin  attempted  to  api^  his  KR  (capacity  resistanoe)  law  to  telcpfaou 
lines,  but  this  law  has  been  foimd  to  not  fit  the  case.  Ine  beat  Uc^t  upaa 
the  subject  seems  to  show  that  the  combined  effect  of  distributed  capacRj 
and  resifltance  is  nearer  proportional  to  the  square  root  of  their  product,  thm, 
*  ^KR.  rather  than  the  product  itself. 

Besides  these  three  most  important  factors,  there  are  several  other. 
though  less  important,  effects.  Among  these  there  are  losses  due  to  F(»- 
cault  or  ed^y  currents,  hysteresis  losses,  and  reflection  losses.     These  Issi 


ajt^turoa  for^  B.W.a 
Stumafbr  12  W.R.S.Ok 


B 


F      -^s***-**-^    D 
Loop  2  Inches  rrofv\ 
InauJator 


Fie.  16.    Regular  and  Pole  Tranapositiona. 


occur  when  there  ia  any  abrupt  and  conriderable  change  in  the  trananil^ 
ting  medium.  Thus,  for  inatance,  where  a  line  of  almoat  oo  induetaaee 
ia  connected  directly  to  a  line  of  very  high  inductance,  such  as  is  oaed  ia 
the  Pupin  system  of  transnusnon.  These  reflections  are  aoalogoua  to  tlM 
reflections  of  light  and  aound.  In  most  telephone  work  little  oonaidflfatiQa 
is  given  to  theae  last  mentioned  loeaea. 


J 


BASTH   CniUlBMTS. 


circuits.     Thiit 


CVMREnTS,  KirDVCTIOir,  CROBA-TAUK. 

tel*phon»  wAi  firat  wJopled.  »[1  lm«  were  worked  M  "tnaadad" 


'm 


M  Qecurred,  how 


(ooiid 


)f  £ca]eral  Ducnetio  et 
lidua]  potential  Auoti 


,   uauiilly   minuifl.   bul   chsji«iii«   with  areat  rap 

dislurlHiig  currentA  to  flow  over  flrounded  tele]>hoDe  1 — ^„    .,  _.. 

borlog  trolley  linee  also  use  the  earth  aa  a  retuTD,  ravucded  circuita  be- 
ooma  unbearsble  not  only  from  the  earth  polential  diBturbaDoea.  but  ilao 

between  the  telephone  and  neiithboriiig  wiree.     Induction  may  be  dua  to 

TKrying  field  of  force  about  a  wire  carryinB  a  disturbine  current,  CutI  BOd 
*eta  up  a  correBpoadins  Jield  about  a  parallel  telephone  wira.  QeotnK 
■tAtis  tnduiition  le  eauied  by  a  sariei  of  rapid  rediauibutione  of  the  DManl 


n  Twentr-^iv  IJnoa. 


Pin.  17.    TraUBporitioi 

la  telephone  line  id  the  allnapt  to  DuintAin 
«  in  the  neighborhood  of  the  dislurbizig  wi 


J.  J.  Carty  m  a  serioe  c 
the  New  York  mectrio 
Electrical  Eofineera. 


MotaUle    Circnlta.  — With  n. . -  -   , 

bowever.  almoat  alwaya  practicable  to  reducediflttirban 
tliey  win  not  iatarfve  malerially  with  cunversation. 


ed  was  proved  by 
■eported  ■-  '°'"  '- 


Inetitut«  of 


lino,  both  of  whoee  IL 


tributad  reaiatanoe.  the  same  capacity,  and  the  same  inj 
Ha-eUTtr,  both  limb*  ahould  be  equally  expoaed  to  al 


diaturbinc  influ- 
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exrees.    With  inmilated  wires  this  last  condition  is  easily  o\ 
ing  the  two  wires  about  each  other  to  form  what  is  called  a 
With  bare  wires  "transposition"  must  be  resorted  to. 

Opea  IFire  Clrciaite.  —  Open  wire  circuits  are  carried  upon  pniw. 
or  in  cities,  sometimes  upon  house-top  fixtures,  although  this  lattar  tm 
of  construction  is  rapicuy  disappearing.  The  ftfinciples  underjyiDg  tm 
construction  of  telephone  pole  Imes  are  exactly  similar  to  those  for  o^m 
lines.  The  factor  allowecf  for  wind-pressure  and  for  weight  of  iee  frea 
sleet  storms  must,  however,  be  proportionally  greater  than  for : 
kinds  of  lines,  because  of  the  large  exposed  surface  of  conductor. 
Cross-arms  for  telephone  lines  are  usually  10  or  6  pin,  the  wires 

to  the  pole  being  16  inthes  apart  and  others  12  inches  apart.     Ci 

are  mounted  two  feet  apart.     Poles  are  usually  set  to  give  an  average 
of  130  feet,  Le.,  40  poles  to  the  mile. 

The  reouirements  for  metallic  circuits  dictate  Uiat  both  wires  of  _  . 

shall  be  of  the  same  diameter  and  material,  and  that  they  shall  be  plMd 
in  adjacent  positions  on  the  same  cross-arm.  Furthermore^  at  intervals  tfas 
two  wires  must  change  places,  in  a  manner  such  that  both  shall  have  tfas 
same  average  distance  from  fXL  disturbing  influences.  This  inteniiaofe 
of  wires  is  termed  "transposition."  In  case  of  extreme  exposure,  aodi  as 
where  telephone  signal-wires  are  run  upon  the  same  poles  as  high-tensaoB 
transmission  lines,  continuous  transposition  may  l>e  resorted  to.     Under 

ordinarv  conditions  of   tel^hone  practice,  it 
is  found  satisfactory,  however,  to  tmnspooe  the 
wires  upon  a  system  which  treats  ea^   two 
cross-arms  asa  pair,  Le.,  20  circuits  as  a  gnma, 
and  which  provides  tor  the  transposition  of  eaoi 
with  reference  to  its  mate  ana  to  disturfaov 
untransposed  wires,  at  least  once  each  mHa 
This  brings  "transposition  poles"  one  quarts' 
"'""''        mile,  or  approximately  10  poles  apart*     A  dis- 
Fm.  18.     Einglish  Method    gram  of  this  transposition  sdieme  is  siiown  is 
of  Transposing  Metallic    Fig.  16. 

Circuit.  Fig.  17  shows  a  diagram  of  this  tranamissiQD 

ssrstem,  a  study  of  which  will  show  that  only 
those  wires  furthest  apart  in  the  group,  transpose  upon  the  same  pole.  For 
very  long  lines  a  further  refinement  must  be  introduced  treating  tour  cro8»- 
arms  as  a  transposition  group,  for  it  has  been  found  that  cross-talk  will  oocor 
between  alternate  arms  of  the  two-arm  sjrstem.  Fig.  18  shows  a  mMh^ 
of  continuous  transposition. 

Recently^  much  of  the  transposition  has  been  of  a  type  known  as  sinde 
pin.  This  is  much  cheaper  than  that  shown  in  Fig.  16.  By  ibis  methods 
cross  ov^  of  two  wires  is  distributed  over  two  spans  of  the  line,  the  actosl 
cross  taking  place  at  one  pin  of  the  middle  pole.  This  pin  is  provided  with 
a  double  groove  transposition  insulator,  while  its  mate  carries  none.  la 
the  first  span,  one  wire  passes  from  its  own  pin  position  to  the  base  of  the 
glass  in  its  mate's  position.  It  then  continues  m  this  position  while  the 
mate  wire  passes  over  to  the  ^position  in  ihe  second  span  vacated  by  the 
first  wire.  If  both  wires  be  tied  to  the  same  side  of  the  insulator  at  the 
middle  pole  there  is  no  danger  of  a  short  circuit. 

The  properties  of  conductors  need  not  be  discussed  here.  Suffice  it  to 
say  that  for  open-wire  circuits,  iron,  steel,  aluminum,  bronse.  and  copper 
have  been  used.  Hard  drawn  copper  is  undoubtedljr  standara.  Iron  and 
steel  are  less  satisfactory  not  only  because  of  hi^h  resistance,  but  be* 
cause  of  the  difficulty  of  making  good  permanent  loints,  of  deterioratioa, 
and  of  their  highly  magnetic  properties  with  attenoing  iiuiuctanoe. 


Conductors  laid  up  into  cables  were  first  brought  into  use  to  rsBsvs 
congested  or  overcrowded  pole  lines.  At  first  they  were  of  small  copper 
wire  insulated  with  rubber  or  similar  compounds.  With  the  introdnetioB 
of  metallic  circuits  came  the  introduction  of  twisted  pair  cablea  8iieh 
cables  are  of  course  relatively  free  from  cross-talk  so   annoying  vita 
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■traiglit  Away  cables.  Because  of  the  very  high  specific  Induoti've  capacity 
of  rubber,  and  the  proximity  of  the  wires  of  a  pair,  so  high  a  mutuiu 
electrostatic  capacity  was  introduced  as  to  greatly  reduce  transmission. 
For  aerial  lines,  rubber  cables  are  yet  used  in  some  localities,  espeoiaUy  for 
emeigency  and  temporary  work.  General  practice  has,  howeTor,  sabstf- 
tuted  the  cheaper  and  far  better  paper  insulated  cable  for  all  uses. 

Propertlea  of  Paper  Iiiaiil»t«d  Cablea.  —  Present  day  telephone 
cables  are  what  are  known  as  dry  core  cables,  as  the  insulation  is  untreated 
paper,  thoroughly  dried.  Strips  of  paper  are  loosely  spiraled  about  the  cable 
wire,  and  this  is  then  twisted  together  in  pairs  with  a  lay  approximating 
3  inches.  The  pairs  are  then  layed  up  in  reversed  layers  to  form  a  cylin- 
drical core  which  te  served  with  paper  or  cotton  yam  or  both.  The  core  is 
then  thoroughly  dried  by  baking,  and  it  is  run  du-ectly  from  the  kiln  to  the 
lead  press  which  surrounds  it  with  a  moisture  proof  sheathing  of  either 
pure  lead,  or  an  alloy  of  lead  with  3  per  cent  of  tin,  this  alloy  bemg  tougher 
than  pure  lead. 

The  paper  used  is  Tsry  porous,  and  behig  loosely  wrapped  the  insulation 
about  each  wire  is  largdv  dry  aXr.  and  it  is  this  fact  to  which  the  low 
electrostatic  capacity  and  the  high  insulation  of  such  cable  is  due.  The 
sUghteet  moisture  will  ajreatly  impair  and  may  ruin  paper  cables  and  the 
core  is  so  dry  that  sufficient  moisture  may  oe  absorbed  from  the  air  to 
Loiure  them.  To  prevent  this,  the  ends  of  each  length  of  cable  are  usually 
*' filled"  with  paraffin  for  a  few  feet,  and  whenevo:  a  cable  is  cut  at  an 
unfilled  spot,  it  is  immediately  "boiled out"  by  pouring  over  it  hot  paraffin- 
wax. 

Probably  the  greatest  number  of  cables  now  in  use  are  of  No.  19  B.  and  8. 
gauge  wire,  whue  of  those  being  manufactured  the  greatest  number  ai« 
of  No.  22  gauge  wire.  For  long-distanoe  lines  cables  have  been  used  of 
Nos.  18,  Id,  13,  and  10  gauge. 

Cables  are  known,  aocordinjK  to  their  use,  as  aerial,  distributing,  under^ 
l^und,  and  submarine.  Aerial  cables  are  made  as  light  weifi^t  as  is  con- 
sistent with  durability.    The  usual  sixes  are  from  15  to  100  pairs. 

IMstributing  cables  have  a  thicker  sheath  than  aerial,  but  are  made  in 
about  the  same  sises.  Undexground  cables  are  used  in  conduit  beneath 
the  streets.  The  usual  sises  are  from  100  to  300  pairs  if  the  sise  of  wire 
be  No.  19,  and  150  to  400  pairs  if  the  wire  be  No.  22.  Underground  cables 
have  been  made  up  to  600  pairs,  but  such  cables  are  not  practicable  at 
present  for  general  use,  as  the  allowable  diameter  of  cable  is  limited,  on  the 
one  hand,  by  the  sise  of  the  conduit  duct,  usually  3  in.  in  diameter,  and  it 
is  Umited  on  the  other  hy  the  electrostatic  capacity.  The  smaller  the  cable 
of  a  gdven  number  of  pairs  the  higher  the  capacity  per  pair. 

Until  recently  submarine  cables  were  all  rubber  covered  and  of  not  over 
10  purs.  Now  paper  submarine  cables  of  far  better  insulation,  less  electro- 
static capacity,  and  a  greater  number  of  pairs  of  wires  have  been  success- 
fully developed.  These  cables  are  of  from  30  to  150  pairs  sise.  The  lead 
sheath  is  usually^  thicker  than  for  undeigroimd  cables,  and  after  being 
served  with  jute  is  covered  with  an  armor  of  steel  wires. 

The  fdlowing  sample  cable  contract  written  by  A.  Y.  Abbott  sets  forth 
in  tabular  form  the  details  of  several  types  of  cable. 


0JLMPIA  APBCIVICATIOW  VOR  TEJLEPHOing 


(A.  V.  Abbott.) 

OenUemen:  —  Under  the  conditions  hereinafter  specified,  please  deliver 
the  following  enumerated  telephcme  cables  free  on  board  cars  at  freight 

depot  ia  — — ^— — —  rew,  marked ,  containing  ■  feet  of 

No.  B.  and  S.  gauge,  pair,  aerial  (or  unoerground)  paper 

eable,  capacity to m.f.  per  mile, inch  plain  lead  (or 

with  ^— ^—  per  cent  tin)  at  quoted  price  of cents  per  foot 

reel,  marked ,  containing,  etc. 


Each  conductor  shall  fully  and  throughout  its  entire 
length  have  the  diameter  corresponding  to  the  gauge  stated  above,  and 
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shall  be  cylindrical  and  free  from  imperfections.    The  material  of  the 
dttoiors  snail  be  soft-drawn  copper. 

Jbuialttttom.  —  Each  conductor  shall  be  insulated  with  one  (pr  t 
reversed)  wrapping  of  dry  paper;  the  insulation  of  one  oonduotor  in  ei 
pair  shall  be  colored  blue  and  that  of  the  other  conductor  red. 

]¥ umber  of  Pialve.  —  Each  cable  shall  have  the  number  of  pein 
called  for  above,  plus  at  least  one  extra  or  additional  pair  for  ea^  one 
hundred  (100)  or  fractional  part  of  one  hundred  (100)  pairs  of  conduoton 
called  for. 

TwiaUBC.  —  The  two  wires  of  each  pair  shall  be  twisted  together  witk 
a  uniform  lav,  not  to  exceed  approximately  three  inches  for  No.  19  B.  aiul 
S.  gauge  ana  smaller  wires,  and  approximately  six  incfate  for  larKer  wires 
in  a  complete  twist,  so  as  to  effectively  prevent  cross-talk. 

Cabltnr.  —  The  twisted  pairs  shall  be  laid  up  into  a  cylindrical  con, 
arranged  in  reversed  layers,  so  that  the  length  of  each  complete  turn  shall 
not  exceed  thirty  inches. 

tillfteatlft.  —  The  core  shall  be  incased  in  a  cylindrical  sheath  of  pbkbi 

lead  (or  an  alloy  of  lead  and per  cent  tin)  of  the  thickness  specified 

above.     The  sheath  shall  be  free  from  holes  or  other  imperfectiooa  and 
shall  be  of  uniform  thickness  and  composition. 

C;onda4^or  RealatAnce.  —  Each  conductor  shall  have  a  resifltaaee 
equivalent  to 

not  more  than  . . .  25 . . .  ohms  per  mile  of  No.  16  B.  and  S.  gauge  cable 

not  more  than 31 ohms  per  mile  of  No.  17  B.  and  S.  gauge  cable 

not  more  than 38 . . .  ohms  per  mile  of  No.  18  B.  and  S.  gauge  oable 

not  more  than  . . .  47  . . .  ohms  per  mile  of  No.  19  B.  and  S.  gauge  caUe 

not  more  than  . . .  59 . . .  ohms  pter  mile  of  No.  20  B.  and  8.  gauge  caUe, 

not  more  than  . . .  95  . . .  ohms  per  mile  of  No.  22  B.  and  S.  gauge  cable. 

All  measurements  to  be  made  at  60  deg.  F. 

The  conductivity  of  any  wire  shall  be  equal  to  at  least  98  per  cent  cf 
that  of  pure  copper. 

iMMiilatlOM  RealatAMoe.  —  Each  wire  shall  have  an  insulation  re- 
sistance of  not  less  than  three  thousand  (3000)  megohms  per  mile  at  60 
deg.  F.,  when  tested  at  the  factory  in  the  usual  manner,  and  ^all  have  an 
insulation  resistance  of  not  less  than  five  hundred  (500)  megohms  per  mile 
at  60  deg.  F.,  when  installed,  spliced,  and  connected  to  office  t^minals; 
each  wire  being  measured  against  all  the  rest  and  the  sheath  grounded. 

Blectroatatlc  Capiacltj.  —  The  electrostatic  capacity  of  the  wiris 
shall  remain  inside  the  limits  specified  above  (see  p.  889) .  These llniits  to  apply 
to  measurements  of  each  wire  against  all  the  rest  and  the  sheath  grounded 
and  at  a  temperature  of  60  deg.  F. 

Packing  and  Sltlpplng-.  —  The  cable  shall  be  delivered  on  re^  is 
lengths  specified  above.  At  least  eighteen  inches  of  the  inside  end  of  the 
cable  shall  be  brought  out  through  the  side  of  the  reel  so  as  to  be  acoesable 
for  testing.  This  end  shall  be  securely  boxed  to  protect  it  from  naechanieal 
injury.  The  outside  layer  of  cable  on  each  reel  shall  be  properly  wrapped, 
and  each  reel  shall  be  incased  in  stout  lagging.  Each  reel  to  carry  in  plain 
sight  the  company's  name,  the  above  specified  identification  mark,  kngth 
and  sise  of  the  cable. 

Delivery.  —  Reel  marked ,  shall  be  ddivered  at 

on  or  shortly  before 190 — .     Reel  marked at 

on  or  shortly  before ,  etc. 

Jlleaaarementa  and  Teata.  —  The  company  reserves  the  right  to 
send  an  inspector  to  the  factory  to  be  present  during  the  prooess  of  manu- 
facturing and  to  test  the  qualities  of  the  materials  used  and  the  eleetrieal 
properties  of  the  cable  before  shipping.  He  shall  have  the  powor  to  reieet 
any  material  or  cable  found  defective.  Such  inspeeticxi,  however,  anafl 
not  relieve  the  manufacturer  from  furnishing  perfect  material  and  satis- 
factory work.  Final  measurements  and  tests  are  to  be  made  after  the 
cable  18  installed,  spliced,  and  connected  to  oflBce  terminals.  In  case  tte 
cable  falls  BO  far  short  of  the  above  specified  requirements  that  the  company 
is  not  willing  to  accept  it,  the  manufacturer  will  be  called  upon  to  examiat 
the  work  done  by  the  company,  and,  if  able,  by  remaking  splioee  or  repair- 
ing injuries  to  the  cable  received  in  handling  and  laying,  to  bring  the  cable 
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Um  muufaotum.  than  tbs  msDuf 
replaciu  u  many  lenj^thn  u  m&y 


— ^ iJ  or  work  don»  by 

iLrer  ahoU  mak«  the  oable  n»d  by 
Dsnwry^  and  liali  not  b«  eotJtM 
ad  ramakmf  ■pLicea.  Tba  oompuiy 
,  perform  all  the  work  of  Mstiog  ud 
ol  mich  work  to  tbe  miuiuf iwturer  id 


remaJcmg  apLioes,  uid  chfuae  tbe  i 
can  the  dSect  is  fDund  u^  due 
put  at  the  muufacturer.  The  n 
^,  Gompany'ii  ioBpector  reparit.  » 

orX«rd^ecM""^e  oompony"._  ..    ._     ...     „ 

live  prvaeot  vhenevor  the  cable  in  tested  or  work  lb  done  by  the  moou- 
(•oturB-  la  repairiac  deTeote. 

the  imulmtion  rasutuiee  deoreaBe,  b^ood  the  Bpeeified  limiCa  due  to  defeo- 

Uv>  iiut«rikl.  miuiufmilure  of  workmanabip.  for  a  period  of yean 

•ftw  the  eabla  has  been  installed. 

PuHSBta.  —  P^nienl«  tor  the  cable  riiall  be  made  within  thiny  (30) 
daya  oom  the  recnpt  of  a  oonnsunent.  eieept  that  fifteen  (15)  per  cent 
of  the  prioe  of  each  eondpipiaiit  afaall  be  held  thirty  (30)  days  alter  each 
■epafate  coonenmenC  ia  uutaOed  and  accepted  by  tne  inopectt^r  of  this 
eorapany,  who  riiall  make  a  written  nport  aeoepting  or  rejecting  the  eable 


they  *i11  be  mnedied  by  the  oo 
finu  paymeota.  or  if  the  percentage  is  not  Auffi 
it  ruund  the  differeuee. 


Xa»I«  m.  -  CapMitT'  mf  Aerial  T«l«|>ksB«  CiOtlM. 

Revitrd  Ay  John  A.  SothUng't  Sota  Ca. 
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V»bl«  n.  —  Cm99k€Aty  of  VadevvirevBd  VelepM«m4 

Revised  by  John  A,  Itoebling*^  Son9  Gb. 


Thick- 

▲pprozi- 

Approxi- 

mate Ooii 

Num- 

B.ftS. 
Gauge. 

neeaof 

Capacity  per 

mate 

mate 

perFMt, 
rlo.b.  F^ 

ber  of 

Lead, 

Mile, 

External 

Weifflit 
per  root, 

Pain. 

Inoh 

Manufactured. 

Diameter 

tory. 

Meaa. 

in  Mils. 

in  Pounds. 

In  Centv 

(May^iwn. 

26 

19 

^ 

.08    to  .066 

1.07 

1.7 

25.5 

26 

20 

JL 

.066  to  .09 

1. 

1.64 

2S.5 

26 

22 

JL 

.10    to  .11 

.790 

1.16 

16. 

60 

19 

JL 

.06    to  .066 

1.41 

2.7 

48^ 

60 

20 

JL 

.066  to  .09 

1.81 

2.46 

Si. 

66 

22 

1  r 

.10    to  .11 

1.02 

1.86 

27.5 

100 

19 

.06    to  .066 

1.96 

4.6 

74.7 

100 

20 

.066  to  .00 

1.61 

4.1 

64.5 

100 

22 

.10    to  .11 

1.80 

8. 

46.5 

160 

19 

.06    to  .066 

2.88 

5.8 

».• 

160 

20 

' 

.066  to  .09 

2.16 

6.2 

86.3 

160 

22 

.10    to  .11 

1.64 

3.77 

61.S 

200 

19 

. 

.10    to  .11 

2.24 

6.1 

116. 

200 

20 

,  i 

.10    to  .11 

2.1 

6.47 

96. 

200 

22 

. 

.11     to  .12 

1.64 

4.45 

75.1 

260 

22 

. 

.11     to  .12 

2.03 

6.09 

86.6 

SOO 

22 

. 

.11     to  .12 

2.21 

6.7 

Utt. 

860 

22 

.11     to  .12 

2.8 

6.8 

115. 

400 

22 

t 

.11     to  .12 

2.6 

6.8 

182. 

•UBMi  OF  Ci5.18UB«. 

Ck>nduita  aa  now  built  readily  take  a  2i-ineh  diameter  cable,  and  pnwiHT 
one  2f-inch;  bo  by  existing  construction,  cables  are  now  liinited  to  that 
sizes,  and  design  must  accommodate  itself  thereto.  It  ^nwan  dear- 
able  to  have  about  seven  varieties  of  cable  for  subscribers'  lines,  aod  three 
varieties  of  toll  and  trunk-line  service.  An  appropriate  set  of  cablsi  ■ 
the  following: 


Purpose. 


Subscribers'  lines,  distributing  cable  .... 
Subscribers'  lines,  distributing  cable  .... 
Subscribers'  ilnes,  distributing  cable  .... 
Subscribers'  lines,  main  and  olstributliig  cable 

Subscribers'  lines,  main  cable 

Subscribers'  lines,  main  cable 

Subscribers'  lines,  main  cable 

Subscribers'  lines,  main  cable 

Trunk  line  cable 

Toll  line  cable '.    . 

Toll  line  cable 


No. 
Pairs. 


10 

80 

60 

100 

200 

30O 

400 

600 

76 

60 

10 


Sise  of 
Wire. 


19 
19 
19 
19 
90 


81 
17 
14 
10 


C^apefdty 
perMIkL 


110 
U6 


1« 
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AXTHDAMs  BXPnVABII  OJT  TJIBIiflPKOra  CAliUBS. 

The  following  has  been  published  as  a  basis  for  computation  of  the  annual 
ohaives  to  be  made  against  cables. 

"Even  with  the  utmost  care,  and  in  roite  of  the  apparent  protection 
offered  by  conduit  and  sheath,  imderground  cables  gradually  faiL  In  some 
cases  life  is  very  long,  but  from  one  cause  and  another,  owmg  to  extension, 
necessary  rearrangement  of  plant,  etc.,  a  thousand  and  one  causes  operate  to 
injure  the  cable  insulation  and  deterioration  is  inevitable  and  must  be  pro- 
vided for,  in  the  depreciation  account. 

"For  underground  main  cable  from  6  per  cent  to  7  per  cent  is  a  fair 
annual  charge,  while  for  laterals  from  8  per  cent  to  10  per  cent  is  essential. 
Aerial  cable  is  much  more  exposed  to  injury  than  underground  lines,  for 
it  is  a  constant  prey  to  all  sorts  of  additional  destructive  forces  —  sleet  and 
wind  stormSj  lightning,  crosses  with  hi^-potential  wires  of  aU  kinds;  the 
small  boy  with  a  shot-gun  or  rifle,  and  nundreds  of  other  influences  oon> 
stantly  attack  it.  Moreover,  aerial  lines  have  a  shorter  life  than  under- 
ground ones,  as  being  ddefly  erected  in  districts  which  are  growing  rapidly 
tne^  are  soon  superseded  by  conduit  work.  For  these  reasons  an  allowanoe 
of  IQ  to  12  per  cent  for  depreciation  for  aerial  cables  is  none  too  great. 

*'  The  maintenance  to  which  cable  wire  is  subjected  will  depend  very  largely 
upon  the  rate  of  growth  in  the  exchange.  Where  this  is  rapid  there  is  a 
constant  necessity  for  rearranging  ana  remodeling  cable  plant.  Under 
such  circumstances  maintenance  charges  will  vary  from  2  per  cent  to  6 
per  cent  on  the  oost  of  installation.  f*or  where  growth  is  slow,  and  there 
la  but  little  change  in  districts,  maintenance  may  fall  as  low  as  m>m  li  per 
cent  to  3  per  cent.  With  aerial  cables  5  per  cent  for  maintenance  is  the 
least  charge  which  should  be  considered.  Combining  the  charges  for  both 
depredation  and  maintenance  the  annual   expense  for   undergroimd  wire 

¥tant  should  be  taken  at  from  6  to  10  per  cent  for  main  cables,  from  10  to 
5  per  cent  for  laterals,  and  from  12  to  16  per  cent  for  aerial  cables." 

Milarliteliiir  Arreat«rs.  —  Many  telei>hone  lines  are  exposed  to  light- 
ning discharges  and  to  accidental  contact  with  wires  carrying  currents  which 
would  be  destructive  to  the  telephone  apparatus  and  liable  to  cauie  fire. 
All  of  some  lines  are  exposed  while  only  short  portions  of  others  are.  In 
both  cases  protection  is  needed  although  the  best  practice  distributes  it 
differ«itly  in  the  two  oases.  It  is  generally  conceded  that  td^hone  cables 
run  underground  in  subways  wholly  given  up  to  telephone  purposes  are 
safe,  per  se. 

It  has  been  found  that  three  different  elements  are  necessary  for  com- 
plete protection.  Tliese  are :  first,  an  open  space  cut-out  for  grounding 
momentary  high-potential  discharges;  second,  a  fuse  of  such  caliber  as 
to  amply  protect  the  line  against  abnormal  currents;  and  third,  a  sneak 
current  protector  or  thermal  cut-out,  which  operates  with  a  time  factor, 
and  protects  the  telephone  apparatus  from  small  currents,  which  by  a 
gradual  heating  effect  might  destroy  it. 

For  lines  exposed  throu^out  their  length,  complete  protection  demands 
all  three  types  of  safety  devioes  on  each  wire,  and  at  both  ends  of  the  line. 
For  lines  beginning  in  cable  and  with  the  outer  end  exposed,  the  central 
oflioe  end  fuses  are  usually  transferre4  to  the  outer  end  of  the  cable.  It 
is  found  economical  to  terminate  cables  upon  frames  or  strips  designed  to 
bold  the  various  protective  apiwratus.  At  subscribers'  premises  tne  lines 
terminate  upon  a  protector  built  up  on  a  porccdain  block,  and  arranged 
with  binding  posts  for  incoming  ana  outgoinjg  lines  and  for  a  ground  wire. 

Open  ttmcm  cut-outs  almost  always  consist  of  two  carbon  blocks,  the 
one  grounded  and  the  other  connected  to  line.  These  are  held  tightly 
against  either  side  of  a  small  sheet  of  mica.  This  mica  is  perforated  to 
permit  of  sparking  between  the  carbons,  and  it  is  of  gauge  tniekness  such 
that  350  volts  difference  of  pressure  will  strike  across  between  the  carbons. 

Fuses  are  of  various  construction  and  capacity.  Best  practice  pre- 
•oribes  a  fuse  between  8  and  6  amperes  rating:  Some  prefer  a  fuse  mounted 
.upon  a  strip  of  mioa  which  isprovided  with  terminal  pieces  of  copper,  and 
■ome  prefer  tubular  fuses.  Ine  tubular  fuse  has  the  advantage  of  ^te 
effectually  blowinc  out  ares,  but  it  has  the  incidental  disadvMitage  of  at 
times  blowing  itself  aU  to  pieces  upon  a  violent  disruption. 
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Tlie  kiiMlfl  of  sneak  current  protector  are  now  almoet  leeion.  AH  depcod 
upon  the  gradual  heating  of  some  substance  senative  to  neat,  'whi^  gyw 
way  under  some  mechanical  strain  and  opens  or  groimda  the  line.  Tbi 
early  sneak  current  protectors  were  often  called  heat  coils,  as  ail  oontaiaad 
a  coil  of  fine  wire,  inteiposed  in  the  circuit,  which  became  heated  upon  tb> 
passage  of  current.  Later  blocks  of  carbon  served  as  the  heat  generatisf 
member.  In  practically  all  cases  certain  of  the  parts  are  held  in  props 
relation  by  fusible  metal  or  fusible  cement,  and  the  mounting  springs  tead 
to  disturb  this  relation.  When  the  solder  softens,  the  springs  overoow 
the  adhesion  and  thereby  move  the  p»arts  to  open  or  ground  the  cirma. 
An  old  form  is  that  shown  in  Figs.  19  and  20,  wherein  the  softening  of  U» 
solder  permits  the  pin  to  slide  within  the  coil  under  the  pressure  of  spring  B. 
which  in  following  grounds  the  circuit.     Many  modem  heat  ooils.  woflt 


Flo.  10.  Combination  Protector.  A, 
line-post ;  F,  instrument  post :  B, 
German-silver  spring ;  CCT  carbon 
blocks;  M,  mica  sheet ;  SC,  sneak  Fio.  20. 
coil ;  P,  rdeasing-pin  ;  G,  ground- 
ing-strip ;  D,  ground  wire. 


Flan  of  Combination  Feo- 
tector. 


different  in  detail,  operate  similarly.  A  disadvantage  of  thia  type  lies  m 
the  necessity  of  reheating  it  for  repairs.  Recently  several  tsrpes  of  seif- 
r^;>auiDg  protectors  have  been  produced.  One  such  has  a  Btai^^haped 
latch  which,  in  releasing  the  grounding  spring,  resets  itself  while  still  wano. 
Another  depends  upon  shearmg  a  heat  softened  washer,  which  latter  naj 
be  replaced  by  a  new  one  at  any  time. 


CIiAASIFICATlOlV  OF  TSI^BPBOIVC  ImKMWM. 


Every  telephone  line  may  be  included  in  one  of  three  rlnnnai. 
to  the  extent  to  which  it  may  be  interconnected  with  other  Unea. 

Under  Uie  head  "Private  Lines"  is  included  all  lines  which  have  no 
facility  for  int^oonnection.  They  may  be  direct,  with  but  two  statioM. 
one  at  each  end;  or  they  may  be  provided  with  a  considerable  number  of 
instruments  located  in  different  pLaoes.  Private  lines  are  largtdy  used  ia 
dtiee  by  brokers,  railways,  etc.,  and  in  the  country  upon  the  premises  of 
individuals  or  from  farm  to  farm. 

House  or  Hotel  Systems  include,  lines  which  are  capable  of  interan- 
nection,  but  which  serve  a  very  limited  area,  usually  all  within  the  premissi 
of  a  single  proprietor.  Such  systems  have  either  one  central  switcfaboard. 
presided  over  oy  an  attendant  or  of  an  automatic  nature,  or  dLse  have  a 
switchboard  at  every  station  so  that  each  user  may  perform  his  own  switdi- 
ing.  With  this  latter  arrangement  the  system  is  termed  "intereommuni- 
cating." 

The  third  class  includes  the  great  bulk  of  telephone  lines,  namely  those 
connected  to  an  Ebcchange  and  capable  of  interconnection  to  not  <Mily  all 
other  lines  of  the  system,  but  also  through  toU  lines,  to  other  exi^aoge 
systems.  Every  exchange  district  has  one  or  more  central  offices,  where 
the  switching  operations  necessary  for  interconnecting  lines  are  perforiDed. 
In  each  exchange  system  the  lines  are  treated  m  grounBaooorainc  to  the 
geographiod  location  of  their  stations.  The  territory  fed  bv  each  groop 
18  called  a  district.  These  vary  in  area  according  to  the  so-called  telepfaons 
dennty. 


BEQUIBEMENT8  FOR   OPBHATION. 


Enry  t«lephoQfl  diatrict  hna  its  nutrikl  office,  frool 
Ikoan  in  tb«  difltnat  radi&te,  and  when  than  %n  |>ro 

frKniflH  whare  JLqbi  mfty  be  interflhuged,  or  thoflS  whi 
may  be  connected  together  from  the  l^pro*cbiii0  t< 
route.  The  equiiimeut  uf  a  ceutral  offioe  u  the  muJ 
ence.  one  fwLture  after  aaother  havmc  tMeu  added  a 

For  a  small  mimber  of  liiieB  a  snitchboard  of  the  ui 
iruflice  for  intJircoimcctLJiE  them.     \b  booh,  however.  a4 

is  difficulty  in  connectinK  together  two  lines  appearing 

Throe  ^nerai  pyHtema  ha\o  been 
and  the  automatic.     These  will  al 

TTkethod  of  hanillinjE  calla  upon  ians 


.,   the  multiple,  the  tr 


2.  Any  line  may  be  oamiect«d  to  t 

3.  Any  lina  may  be  sisaaled  from 

4.  Eveiy  Bubscriber  may  eisnal  fo] 
The  rapidity,  ea«,  and  accuracy 

OftiTisd  OD  lariiely  detenniaeg  the  value  ol  me  sy 
tiou  being  that  Ibe  outlay  to  obtain  npeed  nbal 
tbe  aaviiu  of  operat4)re'  se^ahee  and  the  odvantaj 
MHBirSwIlckbsBnla.  —  The  approved  foi 
boardg  is  not  far  different  at  flrst  sight  fi 


switchboard  aod  give  diractlon 

I  ewitchboard. 
ith  whict 


™tions  may  be 
'  only  qualifica- 


«M^a  tl 


w  ofa  sn&U  switch' 


^or  Wa^phone^, 
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operator  answers  by  seleotiiuE  one  of  an  idle  pair  of  ooils,  and  inaerCinc  it  s 
the  jack  oorresponding  to  tne  si^al,  and  then  connecting  her  1  uIiiihiM 
to  that  pair  of  cords.  On  asoertaining  the  niunber^  of  the  line  deeirea,  Ae 
takes  the  second  cord  of  the  pair,  inserts  it  in  the  jack  of  Uie  desired  Ism- 


and  pushes  the  xinmng  key  to  call  the  subscriber.  She  then 
herself  from  the  cords  and  is  ready  to  proceed  with  other  coYuoectiona.  b 
all  early  switchboards,  the  operator  was  required  to  also  restore  the  da^ 
shutter  by  hand  and  she  must  still  so  do  with  man^.  There  axe,  bownz- 
a  number  of  admirable  combined  drops  and  jacks  m  use,  where  the  met  of 
answering  a  caU  by  inserting  a  plug  automatically  restores  the  drop. 

There  is  one  more  piece  of  apparatus  which  nas  not  been  menticeel 
This  is  the  "olearing-out"  drop,  which  serves  as  a  signal  for  diacomiieetifa 
when  a  conversation  is  finishea.  It  is  to  throw  this  signal  tluat  one  toa 
the  magneto-crank  before  leaving  the  telephone.  In  operation  the  "dstf- 
ing-out"  drop  is  exactly  like  the  calling  or  "line  drop,'*  and  inrlw?*!.  tbi 
line  drop  may  serve  as  a  clearing-out  drop.  As,  however^  a  user  may  bd( 
always  desire  disconnection  when  he  rings  up  central  during  a  eonaectiai 
but  may  desire  the  further  attention  of  the  operator,  whenever  the  dnv 
falls,  instead  of  disconnecting  immediately,  the  operator  must  first  xnq;ns» 
"ThroughT"  or  "Waiting?"  Because  of  this^  and  because  the  listoasi 
key  through  which  she  must  respond  is  associated  with  the  cortis,  it  baa 
been  found  best  to  associate  the  clearing-out  signal  with  the  oordo.    Js< 


Fio.  22.    Arrangement  of  Ringing  Keys. 


as  with  bells,  drops  may  be  made  with  high-inductance  and  eonneded 
directly  across  the  line,  or  they  may  be  made  of  low-inductanoe  and  becraw 
cut  out  during  conversation.  For  clearing-out  drops  the  former  nM^hod 
is  always  used,  while  line  drops  are  made  both  ways. 

Amusrememt  of  Rlngingr  Keyv* —  It  was  stated  above  that 
in  calling  a  subscriber  an  operaror  connects  alternating-current  to  tha 
connecting  cords.  This  statement  must,  however,  for  accuracy  be  qualified, 
as  were  the  current  applied  to  both  cords  of  the  pair  simultaneoudyt  th* 
fact  that  the  receiver  is  ofiF  the  hook  at  one  of  the  connected  stations  inmkl 
not  only  cause  the  disagreeable  sensation  to  the  listening  subscriber  of 
being  "  rung  in  the  ear,"  but  in  addition  the  call  would  like  as  not  fuL 
the  Dell  of  the  called  line  being  shunted  by  the  low-resistance  recerrtr. 
Because  of  these  effects,  ringing  kevs  are  made  not  only  to  connect  ringinc- 
current  to  the  cord  toward  the  called  line,  but  also  to  separate  the  stnads 
of  this  cord  from  those  of  its  mate  and  the  listening  apparatus  of  the  oper- 
ator. The  exact  manner  of  accomplishing  this  result  will  be  appaieat 
from  the  circuit  drawings. 

MLnltlple  Swltchbeai^.  —  As  soon  as  the  number  of  oubeeriben 
is  so  large  that  the  lines  are  spread  out  before  several  operators,  if  all  of 
these  operators  are  to^  make  connection  to  any  line,  then  either  must  two 
or  more  operators  assist  each  other  on  some  connections,  or  every  operator 
must  be  given  access  to  idl  lines.  Both  methods  have  been  tried,  lad 
each  has  proved  successful  for  a  certain  dass  of  service.  ^  It  is  generally 
agreed,  however,  that  the  multiple  switchboard,  that  in.whioh  every  opera- 
tor has  access  to  all  lines,  is  the  more  eflScient.  Switchboards  of  this  type 
are  made  up  of  a  number  of  sections  or  ind^>endent  frameworks  set  adt 


THE    BUSY   TEST. 


u  fnuDS.    Each  nuh  notion : 
LS  kwboard  ia  proridcd  with  a  oorTflQxnidiu 
va  tb«  keyboud  there  an  airansed  aeU  tri 

. . , each  Dfwntor.     Thaaa 

Doup  of  liiMB  which  the  oomQxmdiDS  operator  a 

tbaaa,  there  ia  In  aaah  Bsotlou  another  sroup  of  JMk*  called  the  multiple. 
Thia  Kitnip  ooataina  a*  many  jaeka  aa  then  an  line*  enlarioc  the  awitoh- 
boeva  and  each  line  ia  conneoted  in  every  Beatiou  to  that  jaok  having  a 
poaiUm  in  the  craiip  cocraapoodins  to  the  number  o[  tbe  lioe.  That  every 
operator  may  have  aooeaa  to  every  tine,  a  full  group  of  multiple  must  be 
witUn  her  reach,  and  thia  [act  UmitB  the  practical  helilit  aad  length  of  the 
croup,  and  uu^dentally  the  mwtipiura  nxunber  of  liiiea  that  can  be  aecom- 
modsted  upon  a  multiple  awitchboard. 

Aa  may  be  inferred,  the  eonneoting  cords  previously  dneribed  serve  aa 
the  mMni  of  making  oonnectiiHi.     As  befon  tlie  opentoi 
Bpooae  to  a  risnal  nnaa  the  jack  in  bar  email  or  " 


-Will 


>  naob  into  an  adjao 


jhSa 


dent  to  the  operator  juat  whioh  linea  ai«  buay-  On  the  other  hand  witb 
the  midtipia  awitohboaid.  each  line  being  aooeaaible  to  many  operators, 
aoma  aort  of  lignal  must  be  provided  to  indicate  when  a  tine  is  busy,  as  it 
ia  impractical  to  attempt  to  find  out  by  direct  inquirv.  The  wcll-iiigh 
imivBreally  adopted  "buey  test"  is  an  audible  one,  a  ohaic  being  aounded 
in  the  operator'i  telephone  if  she  attempts  to  ooaneot  one  of  her  cords  to 
a  ham  line.  The  guide  thimbles  of  tbe  jacks  are  expanded  to  aipose  a 
eousidarable  surface  upon  the  face  of  the  switchboard,  and  ail  thimbles  of 
GDTTeeponding  numb^  throughout  the  switcbboard  are  wired  together.  A 
teat  battery  becomes  connected  to  thia  conductor  whenever  a  plug  is  in 
pontion  in  any  of  the  jacks,  this  being  tbe  oondition  with  the  line  busy. 
Now  if  a  circuit  aontaiiiina  a  telephone  be  oouueoled  to  one  of  the  jack 
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thimblM  in  a  nmim«r  to  oomplete  the  test  battery  oireuit  a 

heard  in  the  telephone.     To  simplify  the  movements  of  the  -^ 

tips  of  the  connecting  plugs  uscially  serve  as  the  teet  conneetian. 
if  a  line  is  called  for,  the  operator  selects  her  plug  and  touobes  it 
the  thimble  of  the  nearest  jack  of    the  desired  line.     If  the  Kt>*»  be 
the  click  at  once  announces  this  fact  positivelsr.     If  no  click  is  ] 
line  is  free  and  the  connection  is  completed  by  inserting  the  plus. 

It  is  always  a  matter  of  perplexity  to  telephone  users  as  to  Low 
may  discover  so  quicklv  as  to  whether  or  not  a  line  is  busy,  but 

above  description  it  will  be  seen  that  the  work  of  testing  a  line  for 

practically  incidental  to  any  attempt  at  making  a  conneetian  -with  it, 
well  accounts  for  the  quickness  of  the  busy  report. 

Serlee-Mnltiple  Swltcliboai^.  —  The  series-multiple 
was  the  first  developed.     The  fundamental  circuits  of  this  systi 
in  Fif:.   23.    The  jack  thimbles  serve  for  the  terminals   of 
the  lines,  while  a  spring  in  each  jack   serves  for  the  other, 
system  a  low-resistance  drop  is  used  and  it  must  be  cut  oCF 


fraatb 


With 


d 
ths 


Fig.  24.  Cord  Circuits  of  Series-Multiple  Switchboard.  The  IndncCiBi 
Coil  and  Receiver  are  each  wound  in  Two  El^ual  Sections  that  tl» 
Groimd  Connection  may  be  made  at  an  Inductively  Neutral  Point. 


versation.  This  cutting>ofif  is  accomplished  by  the  insertion  of  the  jAtg, 
as  it  will  be  noted  that  one  side  of  the  circuit  passes  throuf;h  a  series  of  eaa- 
tacts.  As  a  plug  is  pushed  home,  the  contact  spring  a  ndea  up,  upcn  thi 
point  or  tip  of  the  plug  becoming  clear  of  the  pomt  c. 

The  busy-test  iMkttery  with  one  pole  grounded  is  shown  at  B.  TUt 
must  be  connected  to  the  thimble  circuit  which  is  already  in.  use  for  talk- 
ing-currents. The  high  inductance  coil  /  is  therefore  inserted,  to  invrat 
the  alternating  talking-current  from  being  earthed  through  the  battsiy. 
It  is  evident  how  a  contact  between  the  tip  of  a  plug  ana  Uie  tKimtJie  of 
a  busy-jack  completes  the  battery  circuit. 

This  system  has  been  extenravely^  used  and  is  not  yet  wholly  supensded, 
yet  it  has  never  been  entirely  satisfactory.  This  type  of  board  is  spe- 
cially susceptible  to  dust,  because  of  the  numerous  contacts.  Dirt  id  waj 
one  of  these  will  reduce  greatly  the  volume  of  sound  transmitted.  Hit 
busy  test  may  become  over-i>owered  by  extraneous  currents  due  to  aee>- 
dental  conditions  of  the  line,  either  to  make  the  test  continuous  and  **&!»'* 
or  to  countermand  it.  With  this  switchboard  both  effects  are  eqqully 
annosring,  as  in  one  case  a  demred  connection  cannot  be  eompleted,  wUli 


BBANC^  TERMINAL  OR    BRIDGING    SYSTEM. 


in  tba  otbar  u  (odsti 


Brl<ir*Br    »jmtt)rm 


upon  the  innr* 
TbM    bridnnji 


or  briiaoh  tvnnjnal  nritohboftrd  overcocaeH  Iheso  difficiiltjA*, 
ludly  dacicDed  ths  eipmee  tu  erwter  tbui  tta«  bctlemu 
^r&nttntecL  Bridijiiff  flWJtchbo&rtlH  did  ndt,  tbei«roi«,  coram  into  bqdbtvi 
oae  ostil  eombinMl  irith  the  oommon  batury  sod  relay  nsnnlinK-  A  few 
words  u  to  the  munato  brideina  board  wiU  not  be  auC  of  p&oe.  For 
thia  ayrteiD.  the  jacE  thimblea  an  divided  into  two  oarti.  the  front  one 
h&vina  the  larger  bon  and  beinc  nmd  »My  (or  tba  busy  Ust.  Tlie  mar 
otu>  aervaa  w  tba  lio*  oomwotion.  The  eeoond  lioe  conneotion  and  two 
Suxiliary  oonneotioni  ara  piade  throu^  Bpringii.  Fig.  2S  nhowi  a  part 
of  a  jaok  with  a  plus  inaerted.  The  plus  bu  three  parts;  a  tip,  a.  oollar, 
■md  &  aleeve.  The  eord  atrsoda  are  coaoecUd  lo  the  tip  and  sleeve  only. 
Tbo  collar  ■otvbb  merely  as  a  >hort-«ir<miting  piece  between  the  auiiliai)t 
■pnngt.  and  thereby  oonnecti  the  teat  battery  which  ia  wired  to  one  of 
tfaem  io  ths  tern  rim  which  ia  wired  lo  the  other.     Thii  ni»)r  »11  ba  traoed 


Baeauae  of  tbia,  the  dro] 
nUialy  aloaad  bjr  the  ai 

Ao^  riiutten  durii 
or  any  ilngiDc-eurreni 
Esi(-out  drop  Out  hIjio 
operator  of  the  called 
tion,  and  who  ■ 


IBck.  The  jaclcB  have  no  cut-ofl  reMure. 
ound  to  hizh  re^gtance  and  inductanoe. 
nnected  to  the  talldng-cinuiC  and  as  those 
ioee  tOKSther,  they  might  be  subject  to 
e  cron-talk.  unleaa  ma^etioall^  HhieLded. 

A  the  drop,  and  hence  dispoie  of  aU  a^y 


•Mt-nt!  feai 


Otherwiae 


■light  01 


ropn.      This  would  wgnal  the  onswerins 

naa  had  nothinir  to  do  with  the  connao- 

.  ..  „  rbs  the  call  without  the  ability  to  sinrt 

iking  of  dropi  is  accomplished  by  an  auiiliary  ooQ 

Irop  ihutter  dimtly.  to  reeton  it  and  lo  hold  It  up. 

lookinjiHv>il  is  furnished  by  the  busy-test  battary. 

1  by  ua  plug  BoUor  just  as  lor  the  buir  tast. 
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Mfer  AjrsteBi*.  —  Those   systems  in    which   each 

line  has  but  a  single  terminal  jack,  and  two  or  more  operators 

other  in  oompletinc  connections,  are  called  "transfer"  aystems.  IM^ 
ably  the  oldest  is  one  in  which  each  section  of  the  switebboard  acoa» 
modatee  100  subscribers'  lines,  and  there  extends  a  series  of  translier  fea 
from  each  operator  to  every  othw.  Upon  ascertaining  the  number  ii  ft 
desired  subscriber,  out  of  reach,  an  oberator  selects  a  non-buay 
line  eztendinc  to  the  position  at  which  the  line  of  thia  numt»er 
and  connects  the  calling  subscriber  thereto.  By  means  of  an  order' . 
with  which  she  may  connect  herself  at  pleasure,  and  whiob  oonseeu  &■ 
rectly  with  the  head  tel^hone  of  the  operator  at  the  desired  w*gti«t-  ^ 
ffivee  an  order  for  the  connection  of  the  wanted  line  and  the  proper  tnodg 

UXM. 

In  another  system  the  pairs  of  connecting  cords  of  one  poeition  are  cod- 
nected  to  branch  lines  having  single  cords  at  each  of  several  other  sectkei 
the  transfers  being  made  by  means  of  these.  In  other  systema  the  tras^ 
lines  have  jacks  at  one  end  which  multiple  throughout  the  switcfaboari 
while  at  the  other  end  they  have  a  single  cord  and  plug  at  one  poeitks 
ozdy. 

The  so-called  "  Express"  system  is  a  kind  of  transfer  s^sUim  ^rfaere  t]»v 
operators  asnst  in  esich  connection.  One  responds  to  the  aisnal  by  extiead> 
ing  the  calling  line  to  a  second  operator  who  answers,  ascertains  toe  dei^ 
number,  and  orders  a  third  operator  to  extend  the  line  to  her  poaition.  Sw 
then  oonnects  the  two  extended  lines  and  is  responsible  for  the  call. 


RelatlTe  Valve  of  Multiple  and  Tranafer  ffjetnaM 

There  is  no  transfer  system  where  there  is  not  some  delay  eauaed  t? 
the  necessary  co-operation  of  two  persons,  and  although  thia  delay  tav 
be  slight  where  there  are  many  connections  to  be  handled,  it  may  readSr 
unount  to  the  entire  time  of  an  extra  operator.  Furthermore,  in  tiaa 
of  excessive  traffic  due  to  a  sudden  emergency,  this  delay  tamy  xesolt  a 
the  complete  break-down  of  the  system.  The  success  of  the  transfer  sft- 
tem  is  in  direct  relation  to  the  efficiency  of  its^  auxiliary  signals,  nhA 
signals  indicate  at  a  glance  the  complete  condition  of  the  transfer  linei. 
e.g.,  as  to  whether  either  or  both  ends  are  connected  to  subsoribera,  snash 
for  connection,  for  disconnection,  to  indicate  mistakes,  etc.  The  aor^ 
tage  of  the  transfer  system  in  comparison  with  the  multiple  system  is  zt» 
cheapness.  The  cost  of  apparatus  with  this  latter  goes  up  almost  as  tia 
square  of  the  number  of  subscribers  and  for  a  large  switchboard  is  enor- 
mous. A  1000-line  •multiple  switchboard  having  200  answering  jacks  is* 
section,  will  require  5  sections  of  multiple  plus  an  extension  for  each  a^i 
operator  of  i  ot  a  multiple.  This  amounts  to  5700  mtdtiple  jacks.  Add 
to  this  1000  answering  jacks,  gives  a  total  of  6700.  Contrast  thU  with  s 
fiOOO-Une  board,  which,  by  the  same  reasoning,  has  25  sections  and  18S«S00 
jacks.  Consider  that  these  jacks  must  aH  be  cabled  together  and  aome  idea  «f 
the  vast  cost  may  be  obtained.  This  cost  must  be  offset  by  the  efBoieBcr 
of  operation,  and  that  it  is  so  offset  is  best  testified  to  by  fact  that  pracb- 
cally  all  the  large  manual  switchboards  thus  far  installed  are  of  tbe  tuA- 
tiple  type. 


oivc  ccimt Ai<  OFncc  va.  ummBwuLJu 

Most  of  the  larger  cities  now-  have  several  central  offices  each  with  itf 
own  switchboard,  yet  the  lines  of  all  must  be  interconnected  almcet  •• 
often  as  those  of  the  same  office.  Connections  between  two  different  oSam 
must  be  handled  by  some  transfer  method  involving  two  operators»  vitfa 
the  consequent  delay,  and  it  would,  therefore,  seem  at  first  sight  adTis> 
able  to  concentrate  all  lines  in  one  switchboard.  Hiat  for  a  small  cook 
munity  this  is  the  case  can  hardly  be  questioned,  but  as  the  territory  readad 
grows  the  cost  of  the  wire  plant  for  the  lines  increaaee  eo  fast  that  tkl 
division  of  territory  beogmee  Imper^tivo, 
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It  may  not  be  apT>annt  as  to  why  the  establiahment  of  additioDBl  central 
offices  eneots  a  saving,  as  lines  must  be  provided  between  these.  How- 
ever, it  must  be  understood  that  there  is  never  more  than  a  small  per- 
oentace  of  the  lines  of  a  system  in  use  at  once,  and  it  is  only  necessary  to 
provide  sufficient  tie  lines,  trimk  lines  as  they  are  called,  to  continuously 
take  oare  of  this  peroenta^.  The  usual  maximmn  number  of  conneo- 
tions  provided  for  m  deskmmg  a  switchboard  is  about  20  per  cent  of  the 
total  number  of  lines.  Where  there  is  more  than  one  cmtral.  it  is  usually 
assumed  that  the  number  of  calls  local  to  each  switchboard  will  be  a  sUghtly 

E Miter  proportion  of  the  whole  number  of  calls  than  the  ratio  of  the  num- 
r  of  its  subscribers  to  the  total  number  in  the  system. 
Leaving  out  of  consideration  the  question  of  economy  there  is  another 
ample  reason  for  several  offices  in  some  cities.  This  is  that  there  is  no  type 
of  switchboard  which  can  accommodate  satisfactorily  a  sufficient  number 
of  lines.  Switchboards  designed  for  an  ultimate  of  10,600  lines  are  now 
in  use,  but  this  seems  to  be  about  the'  practical  limit,  although  in  a  number 
of  cities  the  number  of  lines  is  far  greater  than  this. 


Those  ealls  which  involve  two  central  offices  are  termed  "  trunk  calls." 
and  the  ratio  of  the  total  number  of  these  to  the  total  number  of  calls 
expressed  as  per  cent  of  the  whole  is  called  the  "trunking  percentage." 
This  of  course  varies  from  sero.  where  there  is  but  one  switchbcMird,  to 
well  up  to  90  in  the  largest  cities.  When  the  trunking  percentage  is  over 
50  this  kind  of  traffic  becomes  the  more  important,  and  every  efPort  must 
be  made  to  handle  it  quickly  and  positively,  and  without  too  great  ex- 
pense either  fbr  lines  or  operators. 

.  The  most  efficient  method  thus  far  devised  is  that  known  as  the  calling- 
circuit  method.  By  this  method  each  central  has  two  kinds  of  trunk 
lines,  termed  respectively  outgoing  and  incoming  tnmk  lines,  and  each 
is  wed  exclusively  for  calls  in  the  direction  its  name  indicates.  Of  course 
the  incoming  lines  at  one  central  are  but  one  end  of  lines  outgoing  from 
KMne  other  central.  The  switchboard  at  each  central  is  divided,  one  part 
being  termed  the  subscribers'  switchboard  and  the  other  the  incoming 
trunk  switchboard.  The  outgoing  trunks  terminate  in  jacks  and  multiple 
throughout  the  subscribers'  sections,  forming  a  group  usually  placed  be- 
neath the  multiple  line  jacks,  but  above  the  answering  jacks  and  signals. 
These  outgoing  lines  do  not  appear  at  all  on  the  incoming  sections  which 
have  the  subscribers'  line  multiple  only.  At  these  latter  sections  the 
incoming  trunks  terminate  at  the  keyboard  in  single  pl\igs  and  cords. 
Besides  the  trunk  lines  there  are  wires  called  calling-circuits  which  extend 
between  each  two  offices,  from  the  subscribers'  boara  at  one  to  the  incom- 
ing trunk  board  at  the  other.  At  the  subscribers'  switchboard  the  calling- 
circuits  are  available  to  eveiy  operator,  and  she  may  connect  her  telephone 
set  to  an^  one  of  them  at  will,  by  merelv  depressing  one  of  a  group  of  call- 
ing-ciremt  kejrs.  The  other  ends  of  the  calling-circuits  connect  directly 
with  the  telephone  sets  of  the  operators  who  manipulate  the  incoming 
trunk  switohboard;  each  calling-circuit  terminating  at  that  position  where 
the  oorresponding  group  of  inooming  trunk  lines  terminates. 


When  a  lubaoriben'  operator  at  one  central  receives  a  oaU  for  a  line  of 
.another  central,  she  depresses  the  proper  calling  circuit  Iwy,  and  speak- 
ing directly  to  that  trunk  operator  facing  trunks  from  her  own  office, 
gives  the  number  desired.  The  distant  operator  can  tell  at  a  glance  which 
trunks  are  not  in  use,  because  the  plugs  of  such  are  at  the  ke3rboard.  She 
■elects  one  and  assigns  it  by  giving  its  designating  nmnber.  Upon  hear^ 
ing  this  assignment  the  subsonbers'  operator  proceeds  to  connect  the  call- 
ing subscriber  to  the  nearest  jack  of  the  outgoing  trunk,  which  bears  the 
same  designation. 
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In  the  meantime  the  tnmk  asmgnmg  operator  has  vriHi  the  phv  cf  di 
incoming  trimk  tested  the  line  of  the  aaked-for  subscriber  of  Ikerd^t:^ 
and  either  connected  the  trunk  thereto,  and  run^  the  subaeribor.  «rhr 
being  busy  has  connected  a  hum  or  other  busy  signal  to  the  truak  k>  m- 
nify  this  fact. 

It  must  be  underwood  that  the  incoming  trunk  operator  can  never  tak 
to  any  of  the  subscribera,  i.e.,  she  cannot  talk  upon  any  of  the  liaet  b* 
merely  upon  her  calling  circuit. 


A  circuit  trunk  system  will  only  work  satisfactorily  when  equipped  vii 
certain  auxiliary  signals.  One  of  these  has  already  been  memtiooed.  lbs 
is  the  busy  signal.  Sometimes  this  is  an  audible  signal  and  someciav 
a  visual  signal  such  as  the  flashing  of  a  lamp.  Such  signals  are  introdaae^ 
upon  the  trunk  by  the  insertion  of  the  trunk  plug  in  a  jack  to  wbic^  ^ 
signal  currents  are  wired. 

Sometimes  a  phonograph  is  used.  This  repeats,  "  The  line  is  bt^ 
please  call  again,"  or  some  similar  phrases.  Such  an  stf-razLgement  ■> 
eludes  a  telephone  set,  the  transmitter  of  which  is  agitated  by  the  jphm^- 
graph  reproducer. 

The  disconnect  signal  is  an  almost  indispensable  auxiliary.  It  msiSr 
takes  the  form  of  a  small  incandescent  light  in  front  of  the  trunk  openi«^- 
This  glows  when  a  trunk  is  to  be  disconnected  from  a  line.  As  the  trssk 
operator  cannot  listen  on  a  trunk,  she  has  no  means  of  discovering  i^ 
when  a  conversation  is  completed.  The  subscribers'  operator  can,  I0*- 
ever,  listen,  and  she  has  in  addition,  her  regular  clearing-out  wgn^l^  Cpa 
discovering  or  being  notified  that  a  conversation  is  completed,  she  dnn 
the  cords  from  the  jacks  without  reference  to  the  trunk  operator.  tV 
disconnect  signal  lamp  near  the  plug  socket  at  the  incoming  end  of  tbi 
trunk  glows  at  once,  mdicating  to  the  tnmk  operator  which  oonDeetioBS 
she  must  take  down. 


mmir  Down  or  Common  TrvMlca. 

Such  an  elaborate  trunking  system  as  that  just  described  is,  of  cootsb; 
economical  only  when  the  number  of  calls  between  two  offices  is  oon*<kkir> 
able.  This  is  evident  when  it  is  understood  that  two  lines,  vis.,  the  cal&ss- 
circuits,  are  required  solely  for  carrying  out  the  system.  Whoi  the  tnfir 
is  small,  but  one  group  of  trimks  is  used.  These  trunks  end  in  jacks  sad 
signals  at  both  ends.  When  a  call  must  be  passed  over  such  a  trunk,  tk 
operator  tests  through  the  group  until  she  finds  a  trunk  not  busy.'s^ 
then  rings  upon  it.  This  throws  the  distant  signal.  When  the  disuai 
operator  answers,  the  call  is  passed  t-o  her  and  haodled  by  her  as  ihtagi 
direct  from  a  subscriber.  Such  a  call,  involvini^  two  pairs  of  oonneetiBC 
cords,  has,  of  course,  two  clearin^-out  drops  as  disoonneotion  "g^nlft  Hiis 
system  is  much  slower  than  the  circuit  system. 


COnOIOlV  BATTKR'T  ATSXBH. 

As  mentioned  in  the  description  of  telephone  instruments,  in  toot 
systems  the  individual  transmitter  batteries  are  replaced  by  a  stonHt> 
battery,  located  at  the  central  office,  which  serves  for  the  entire  sF9tcn 
Such  systems  are  variously  called  Central  E^erg}',  Coitral  Batterv,  or 
Common  Battery  Systems.  There  have  been  suggested  a  number  «  cSr- 
ferent  ways  of  applying  the  current  fronv  the  common  battery  to  the  ibb 
of  the  transmitter,  but  the  only  one  of  practical  impqrtanoe  thus  far  m 
that  in  which  the  current  is  applied  to  the  transmitter  directly,  the  drcoils 
being  variously  arranged  to  permit  of  this. 
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One  of  the  primarv  features  of  all  common  battery  systems  is  the  use 
of  direct  current  or  battery  si^aling  from  the  subscriber  to  the  central 

offioe.  This  permits  of  the  omission n 

of  the  hancf  generator^  as  all  sig-  i zCUr 

nals  to  the  central  offioe  whether  _      Nl 

for  connection  or  disconnection 
are  made  by  the  mere  closing  or 
opening  of  the  line  circuit. 


]|»«t«r/  Circuitii. 

In  the  two  circuit  diagrams  here- 
with given  are  shown  the  nidi- 
tooents  of  two  common  battery  sys- 
tenos.  In  the  first  (Fig.  27)  are 
shown  two  lines  connected  together 
and  supplied  from  a  common  bat- 
tery. In  this  system  the  trans- 
mitter and  receiver  at  the  substa- 
tion are  shown  in  series.  This  is 
a  practical  method  of  connection, 
but  has  been  largely  superseded  by 
others  giving  more  powerful  re- 
sults. Tne  ringing  keys  at  the  cen- 
tral are  omitted  from  the  circuit  to 
simplify  the  diagram,  but  they  are 
wired  exactly  as  earlier  described. 
The  battery  is  connected  to 
the  line  through  the  retardation 
coil.  The  left-hand  receiver  is 
shown  off  the  hook  and  the  bat- 
tery circuit  is  complete,  flowing 
out  through  the  signal.  This  signal 
being  energised  raises  its  target 
above  the  shield.  The  right-luuid 
instrument  has  not  sret  responded  i 
and  its  circuit  is  open  at  the  hook  j^ 
switch.  No  current  flows  through 
the  bell  circuit  because  of  the  con- 
denser. The  right-hand  signal  tar- 
get is  behind  the  shield. 

Suppose  the  response  of  the 
right-hand  station  to  be  made, 
-mrrent  will  then  flow  stMdily  to 
both  stations.  This  steady  current 
will  magnetise  the  core  of  the  re- 
tardation coil.  Now  when  any 
sudden  change  in  the  resistance  of 
one  line  is  made,  due  to  the  agita- 
tion of  the  transmitter,  there  will 
be  a  simultaneous  change  in  the 
current  to  the  other.  The  reason 
for  this  is  twofold;  first,  there  is 
a  reapportionment  of  currents  be- 
tween the  lines  due  to  the  resist- 
ance change  ;  and  secondly,  the 
rapid  ehan^  of  current  affects  the 
magnetisation  of  the  coil,  causing 
either  inductive  discharges  to  the 
line,  or  absorption  of  the  current 
as  the  case  may  be.  Additional 
pain  of  lines  maybe  wired  off  the  battery 
up  to  the  current  capacity  of  the  battery. 


.o 


Fia.  27. 
from  additional  coils,  as  indicated, 
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In  the  second  circuit  (Fi^.  28)  it  will  be  seen  that  the  _. 

the  subsoriben'  instruments  is  considerably  changed,  an  induction  eoil 
used.  Another  difference  lies  in  the  substitution  of  a  sort  of  qua 
wound  transformer,  called  a  repeating  coil,  for  the  retardation  eoil.  I:  ■ 
mere  chance  that  the  retardation  coil  and  series  connected  instraasBa 
should  be  associated,  as  these  instnmients  will  work  equally  well  «te 
wired  to  a  rei>eating  coil,  provided  the  parts  be  properly  proportioned. 

The  operation  of  the  repeating  coil  is  almost  self-e^rolanatory,  the  eom^ 
changes  m  one  pair  of  coils  being  inductively  repeated  by  the  other  thnNE^ 
electromagnetic  induction.  The  distinction  between  an  induetioB  ca> 
and  a  repeatinc^  coil  lies  in  the  fact  that  the  latter  has  a  ratio  of 
ation  of  unity,  i.e.,  all  its  ooila  have  the  same  number  of  tuma. 


SUSCRIBER 


I 

r 
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With  this  repeating  coil  system  as  with  the  other,  many  lines  may  be 
simultaneously  supplied  by  the  same  battery,  each  pair  of  linea,  howcw. 
having  an  individual  repeating  coil.  The  battery  must  be  of  extrsoci; 
low  internal  resistance,  for  otherwise  the  varying  currents  suppfied  t* 
one  line  might  cause  a  corresponding  potential  fluctuation  at  the  YuXtms 
terminals;  and  thus  cause  minute  current  fluctuations  on  aU  lines  eoe- 
nected  thereto.  The  result  of  this  is  battery  cross-talk,  or  battery  now 
A  storage  battery  of  large  current  capacity  naa  proved  beet,  this  xaraaBf 
consisting  of  from  11  to  25  cells  according  to  the  circuit  Bystem  used,  iw 
corresponding  mean  voltages  ranging  from  24  to  52. 


Iiamp  SignAls. 

The  magnetic  signals  shown  thus  far  are  likely  to  he  replaced  by  iness- 
desoent  lamps  controlled  by  relays.  These  latter  are  similar  to  tekgiufc 
relays  in  function,  although  usually  of  far  more  compact  design.  IW 
contacts  of  the  relays  control  circuits  local  to  the  central  oflSiee,  which  m- 
olude  miniature  incandescent  lamps,  the  {^lowing  of  which  gives  thesiffBak 

Sockets  of  the  general  appearance  of  jacks  are  used  as  receptaeks  &r 
the  lamps,  which  are  generally  of  tubular  lorm.  The  lamps  carry  ten^Mb 
which  register  with  terminal  springs  in  the  sockets.  As  a  cover  for  tbe 
lamp  socket,  a  bull's-eye  of  opalescent  glass  is  moimted  with  the  cootsx 
side  outwards.  This,  by  internal  reflection,  glows  throughout,  and  xcDdsn 
the  light  visible  from  a  considerable  angle. 


Civcnits  of  Ceaiaiom  llAttory  flwitcliboarda. 

Common  battery  switchboard  systems  are  now  of  manv  t3rpes,  and  mv 
schemes  are  continually  appearing.  All,  however,  may  be  referred  bacik 
to  one  of  the  two  fundamental  schemes.  The  first  switchboards  to  niest 
general  adoption  had  jacks  wired  on  the  bridging  system,  each  of  wUck 
has  two  spring  and  one  thimble  contact.  Three  wires  nm  thrmudMOt  thi 
board  for  each  line,  and  this  has  led  to  the  name  "threo-wire"  ssnten, 
this  name  having  been  given  in  distinction  to  a  later  "two-wire" 
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Each  system  has  many  modifieations  and  developments  to  fit  different 
oonditions  and  the  different  ideas  of  various  inventors.  It  is  possible,  how- 
ever, to  consider  here  but  one  syst^  of  each  kind,  tmd  these  with 
ragard  to  fundamentals  only. 

The  lubeoriber's  line  eirouit  is  bridged  to  the  multiple  and  answering 
iafcks  and  in  addition  is  carried  to  two  contacts  of  a  relay,  called  a  "cut-off" 
relay.  The  armature  of  this  relay  is  arranged  to  cause  the  opening  of  two 
independent  oireuits  when  the  relay  ia  energised.  From  the  cut-off  relay 
eontaets  the  branch  circuit  leads  on  one  side  directly  to  the  battery, 
while  on  the  other  it  is  carried  to  the  ooil  of  a  single  contact  relay  and 
thence  to  batterer.  This  latter  relay  is  called  the  'line"  relay,  and  it  is 
evident  that  it  will  be  energised  whenever  the  telephone  is  removed  from 
ita  hook  if  the  contacts  at  the  cut-off  relay-  be  dosea. 

^  Aasociated  with  the  answering  jack  of  the  line  is  a  lamp  signal  whose 
orcuit  is  controlled  by  the  line  relay. 

The  cord  circuits  for  interconnecting  lines  are  used  as  with  the  switch- 
boards already  described.  There  is,  however,  a  most  admirable  feature 
added.  This  is  what  are  called  the  supervisory  signals^  by  means  of  which 
an  operator  may  know  the  instant  that  a  conversation  is  ccnnpleted. 

Tneee  supervisory  circuits  are  controlled  jointly  by  the  third-wire  eir- 
ouit, in  which  they  are  wired,  and  by  relays  wired  directly  in  the  talking- 
eirouit.  Referring  to  Hhe  circuit  diagram,  the  battery  circuit  may  be 
traoed  through  the  repeating  coil  and  sui>ervisory  relay  to  the  plug,  jack, 
and  subscriber's  instrument.  It  is  also  evident  tmit  the  rapidly  alternating 
eunent  will  be  greatly  attenuated  in  passing  through  the  inductive  winding 
of  the  relay  unless  some  e^unt  circuit  is  provided  aoout  it.  This  is  usually 
done,  the  relay  winding  being  the  combination  of  a  non-inductive  and  an 
Inductive  windin|c  in  parallel.  A  condenser  will  serve  as  a  shunt,  and 
many  consider  this  the  more  desirable  arrangement. 

The  supervisory  lamps  are  designed  to  operate  upon  12  voKs,  one  half 
the  battery  potential.  There  must  be  placed  in  series  with  them  a  resist- 
anee  equal  to  that  of  the  lamp,  approximately,  120  ohms.  This  is  made 
up  as  follows :  83  ohms  of  resistance  ooil,  and  30  ohms  in  the  cut-off  relay 
winding,  with  an  allowance  for  7  ohms  in  the  wiring.  Under  these  cir- 
cumstances, the  lamp  glows.  If  now  the  supervisory  relay  close  the  shunt 
circuit  about  the  lamp,  the  combined  resistance  of  shunt  (40  ohms)  and 
lamp  is  but  30  ohma  The  total  resistance  is  then  150  ohms,  correspond- 
ing to  a  pressure  at  the  lamp  of  but  ^  or  i  of  the  battery  voltage,  too 
little  to  affect  the  lamp. 

The  progress  of  a  call  may  now  be  traced.  The  receiver  being  removed 
from  the  hook  at  the  calling  station,  the  line  lamp  lights,  calling  attention. 
The  opetator  responds  with  a  plug  and  cord.  The  corresponding  super- 
visory light  fails,  for  as  soon  as  its  circuit  is  closed  the  shunt  becomes 
operative,  as  the  receiver  is  off  the  hook  and  current  flows  through  the 
supervisoiy  relay. 

At  the  instant  of  inserting  the  plug,  the  cut-off  relay  is  energised  and 
brei^  the  oireuit  of  the  line  relay,  cutting  it  off  the  line.  The  line  lamp 
of  eourse  goes  out.  Incidentally  the  busy  test  battery  is  put  upon  the 
jack  thimbles,  as. these  are  at  a  potential  corresponding  to  the  drop  of 
potential  in  the  cut-off  relay,  vis.,  4  volts. 

The  operator,  using  her  listening  key,  ascertains  the  derired  number  and 
oonnects  to  that  line  and  rings.  As  long  as  the  station  fails  to  answer,  the 
oorresponding  supervisory  lamp  remains  aglow,  as  the  shunt  circuit  is 
open.  When  the  receiver  is  removed  from  the  hook,  the  shunt  closes. 
It  must  be  noted  that  the  cut-off  relay  of  the  called  line  operates  upon 
the  insertion  of  the  calling  plug  in  its  jack,  and  thus  there  is  no  possibility 
of  affecting  the  line  lamp  of  this  line. 

IVunking  b  accomplished  by  exactly  the  same  methods  as  with  magneto 
svstems.  The  drcuits  used  are  so  various  that  it  is  useless  to  attempt  to 
ehoosB  one  as  standard.  One  of  the  most  interesting  features  largely 
adopted  with  eirouit  system  trunks  is  that  of  through  supervision.  By 
this  is  meant  that  the  subscriber's  operator,  at  whose  position  the  call  is 
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first  reoeived,  haa  in  her  Umps  a  direct  indication  of  the  position  of  the 
hook  switch  of  a  subscriber  of  another  central  office  connected  through  a 
trunk  line. 

There  are  so  many  different  schemes  for  two-wire  systems  and  this 
siyBtem  is  of  such  recent  introduction  that  it  is  difficult  to  select  any  one 
which  micht  be  considered  standard.    One  of  the  earlier  types  is  shown, 
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Fio.  31.     Recent  Common  Battery  Subscriber  Set  Circuit. 

however,  in  Fife.  30.  The  cut  on  relay  severs  the  connection  between  the 
line  relay  circuit  and  the  line,  and  at  the  same  time  connects  this  latter  to 
the  jack  circuits.  The  supervisory  circuit  is  self-evident.  It  mi|(ht  seem 
that  the  contact  with  the  jack  thimble,  in  testing  for  busy,  mi^ht  mterfere 
with  a  eonversation  by  shunting  off  part  of  the  current.  This  is  avoided 
by  reducing  the  dhunted  current  to  the  smallest  amoxmt  and  making  this 
effective  in  a  very  sensitive  relay.  This  relay  in  turn  closes  a  circuit  which 
clicks  the  receiver.  This  test  apparatus  and  the  ringing  and  listening  keys 
are  not  shown  in  the  diagram. 
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The  oirouits  of  instruments  are  also  of  many  sorts.  One  kind  lars^ 
used  is  shown  in  connection  with  Fig.  28.  In  this  the  induction  coil  primaiy 
and  secondary  have  a  ratio  of  turns  of  1  to  2,  and  of  resistance  of  2  to  !• 
The  transmitter  affects  the  repeating  coil  directly,  and  in  addition  throat 
the  induction  coil  causes  a  more  intense  current  to  be  sent  out  on  the  line. 

Another  type  of  circuit  is  shown  in  Fig.  31.  Here  the  coil  ahuntsd 
about  the  receiver  serves  as  a  low-resistance  path  for  the  transmitter  cumns, 
while  the  voice  currents  find  a  path  through  the  receiver. 

PAJftSMT  i.nrBs. 

Demand  for  party  lines  has  existed  since  the  early  days  of  telephony. 
Nothing  really  successful  was  accomplished  in  this  direeticm  until  the 
advent  of  the  Carty  bridging-bell.  With  series  bells  good  party-line 
service  with  a  two-wire  line  is  out  of  the  question,  as  all  voice  currenta  mort 
necessarily  traverse  the  bell-magnets  of  all  idle  stations.  The  bridciBf- 
bell,  previously  described,  connected  across  the  line-circuit  and  of  aon^ 
imiMdanoe  as  not  to  appreciably  shunt  the  voice-currents,  can  be  used 
for  a  number  of  parties  up  to  twentjyr  or  more  so  far  as  electrical  oonsadera- 
tions  go.  Practically  the  number  of  stations  is  limited,  for  with  the  vmmocfi- 
fied  bridi^^bell  a  code  of  signals  must  be  resorted  to,  to  diatingoiih 
between  statiims.  As  all  bells  respond  to  all  signals,  confusion  and  annoy* 
ance  to  subscribers  limits  the  number  of  parties. 

With  the  magneto  system  the  signal,  one  ring,  is  reserved  for  GalUng 
central.  The  stations  must  then  have  signals  from  two  up;  and  when 
theh*  number  is  large,  a  differentiation  is  made  between  long  and  short 
rini^.  With  the  common-battery  system  all  signals  may  be  assigned  to 
stations. 

Selectire  Syaiema. 

Before  the  bridging-bell  was  introduced,  attempts  were  made  to  9(dw 
the  psfty-line  problem  by  some  sort  of  selective  device,  which,  by  respond- 
ing to  a  code  of  signals,  would  succeed  in  ringing  the  desired  pMty  to  tbs 
exclusion  of  others.  At  first  all  systems  were  what  are  now  known  under 
the  generic  name  —  **Btep-by-8tep  systems."  Each  station  has  a  poiat 
switch,  the  arm  of  which  is  driven  by  a  motor.  The  motor  is  ccxitroUed 
from  central,  and  drives  its  mechanism  in  a  series  of  steps. 

All  motors  run  synchronously  and  they  are  arranged  to  oonneet  the 
bells  one  after  the  other  in  operative  relation  to  the  line. 

Another  and  later  type  of  selective  system  has  been  developed,  in  whk& 
the  bells  work  entiren^  independently  of  each  other  and  of  any  motor 
device,  the  selection  of  any  particular  bell  being  dependent  upon  tAe  eook- 
bination  of  currents  sent  out  upon  the  line. 

Mep-by-0top  Aystenui 

Probably  hundreds  of  step-by-step  mechanisms  have  been  invented, 
but  it  can  scarcely  be  said  that  an3r  are  in  general  use.  Both  spring  and 
electrical  motive  power  have  been  tried,  but  the  fact  that  this  systiun  places 
all  the  more  complicated  apparatus  at  the  subscriber's  staticm,  where  it 
is  most  troublesome  to  all  concerned  to  get  at  it  for  repairs  and  adjtisi- 
ment,  weighs  too  heavily  against  all  step-by-step  systems. 

Two*Par<7  Sele€tlT«  SyaieBis. 

The  simplest  selective  ssmtem  is  the  two-party  system,  laively  used  by 
the  Bell  companies.  In  tlus  system  one  bell  is  wired  to  ground  from  ea^ 
side  of  the  line,  brid^ng-bells  being  used.  In  ringing  a  party  the  lingiBg 
current  is  connected  to  ground  on  the  one  hand  and  m  proper  side  of  the 
line  on  the  other. 


PARTY  LINES. 
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Four-pArty  lyBtems  seem  to  be  the  moet  popular,  and  there  have  now 
been  many  sohemes  for  aeoompliahine  selection.  Toe  so-called  Newburgh 
system  uses  what  are  termed  "  biased  "  bells.  These  are  polarised  bridjsinK* 
bells  with  the  armatures  biased  to  always  oome  to  rest  in  the  same  position* 
The  biasing  means  is  usually  an  adjustable  spring  acting  upon  one  end  of 
the  armature.  Two  such  bells  are  wired  to  ground  from  each  side  of  the 
line.  The  currents  used  are  impulse  curreots  of  one  sign  only,  being 
comprised  of  a  series  of  half  waves  of  alternating  current  separated  by  an 
equal  period  of  no  current.  Two  of  the  bells,  cme  on  each  side  of  the  linct 
are  connected  to  respond  to  positive  impulses  only  and  to  fail  on  negative 
impulses,  these  latter  merely  assisting  the  q;>ring  to  hold  the  armature 
statimary. 

After  an  armature  has  been  moved  by  a  current  impulse  of  the  proper 
sign,  the  spring  returns  the  armature  during  the  period  of  no  current. 
The  other  two  oells  are  similarly  arranged,  but  are  connected  to  respond 
to  negative  currents. 

For  the  common-battery,  system  the  Newburah  ssrstem  becomes  mod- 
ified as  it  will  not  do  to  have  permanent  grounds  upon  the  line,  and  the 
insertion  of  a  condenser  will  not  help  matters  as  it  converts  the  impulse 
correnta  to  alternating  currents  to  which  all  bells  are  responsive,    lite 


"Fuu  32.    Four-Party  Newburgh  System  Arranged  for  Common  Battery, 
Two  Stations  wired  from  lane  A,  and  Two  from  B. 


amuigement  usually  adopted  is  indicated  in  Fig.  82.  The  relays  at  all 
stations  are  in  series  with  condensers  and  all  operate  irreepective  of  the 
kind  of  current  impulses.  These  relays  connect  the  bells  to  line  and  that 
responsive  to  the  impressed  current  rings. 

There  are  other  four-party  systems  in  which  the  bells  respond  to  changes 
of  frequency  of  the  current,  the  bells  being  wired  with  such  combinations 
of  induetanoe  and  capacity  as  to  make  the  response  and  failure  positive. 
Other  systems  use  oombinations  of  direct  with  alternating  currents,  while 
at  least  one,  the  **B.W.C.,"  which  at  cme  time  bid  fair^o  be  very  popular 
but  which  has  now  largely  gone  out  of  use,  depends  entirely  upon  various 
eombinaticna  of  direct  currents. 


Ke<hod  of  Obtalainr  Impalac  Cvnrenta. 

The  Impulse  currents  for  the  Newburgh  sjrstem  are  obtained  from  the 
ringing  generator  by  the  use  of  an  auxiliary  two-part  oommutator  one 
je^ment  of  which  is  connected  to  one  of  the  usual  altemating-eurrent  ter- 
mmals  and  the  other  of  which  is  either  left  blank  or  connected  to  the 
other  alternating-current  terminal,  if  this  latter  be  grounded.  Two  brushes 
<liametricallv  opposite  each  other  bear  upon  the  oommutator,  and  these 
are  adjuatad  with  reference  to  the  field  so  that  the  passage  ftrom  one  seg- 
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FzQ.  33.    Arrangement  of  Generator  for  Obtwning  Impulse  Oorrcntai 

ment  of  the  eommutator  to  the  other  occurs  just  at  the  aero  or  point  d 
reversal  of  the  alternating  wave. 

Between  either  commutator  brush    and  a  oolleotinK  rins  an   SwifMha 
current  can  be  obtained. 


CMMTWiAlL  Of  f  IGB  APPARATVA 


Besides  the  switchboard  there    is  in  every  central  office  oom 

auxiliarv  apparatus.  The  siae  of  the  o£Bce  generally  determines  the  kiad 
required.  Of  such  apparatus,  in  every  office  of  any  siact  the  main  distnb- 
utin^  frame  is  of  prime  importance.  As  it  is  imperative  ,that  aJl  Btatigw 
be  given  as  near  continuous  service  as  possible,  and  aa  it  is  alwajrs  cfis- 
tasteful  to  subscribers  to  have  a  change  of  number,  it  is  found  necasswy 
to  have  some  flexible  link  in  the  wiring  between  the  line  cables  and  the 
switchboard.  The  main  distributing  frame  provides  the  facility  for  ths 
connection.  A  steel  framework  carries  strips  of  terminals,  to  sons  <i 
which  the  switchbouxl  cables  are  connected  and  to  others  the  line  or  oirt> 
going  cables  are  conneotedt  each  pair  of  wires  being  assigned  and  oaonsfltBiI 
to  one  pair  of  terminals  according  to  some  carefully  planned  sctwine.  A 
flexible  or  temporary  connection,  usually  termed  a  **oroe8  oonneetioa*'  it 
run  from  any  one  pair  of  terminals  to  any  other  as  the  service  mi^  rBqaain- 
Main  distriouting  frames  are  usually  arranged  with  two  aooeesiDle  aidea 
The  terminals  upon  one  side  are  vertical  and  are  supported  from  a  set  cf 
uprights  so  as  to  form  a  series  of  vertical  runways  Between  the  lenDiBa! 
strips.  On  the  other  side  the  terminals  and  framework  are  osaaUyar- 
ranged  in  horisontal  planes  that  horisontal  runwasns  may  be  fonned.  v?iA 
such  construction,  wire  may  be  run  with  the  greatest  ease  betwi>ei 
two  terminals. 

Of  late  srears  it  has  been  considered  good  practice  to  use  the  main 

as  a  sup]x>rt  for  the  central  office  thernud  cut-outs  and  carbon  plate  sbttl . 

the  vertical  side  of  the  frame  having  arrester  nK>untings  enbetitoted  far 
the  simple  terminals.    The  strips  of  arresters  are  often  called  arrester  bva 

The  mtermediate  distributing  frame  has  only  opme  Into  univeraal  not 
lately.  It  is  similar  in  construction  ^  the  main  fnume,  but  its  puipoee  m  to 
provide  a  flexible  link  betweoi  the  multiple  and  answering  jacu.  It  ii 
dearly  impracticable  to  have  the  multiple  jacks  arranged  in  any  order  save 
that  indicated  by  the  line  numbers.  Tlie  wiring  of  these  jacks  is  thenibfs 
made  permanent  once  for  all.  On  the  other  mmd  it  frequently  *^^*5TT^ffff 
necessary  to  chance  the  position  from  which  any  line  is  answered,  in  order 
to  properly  distribute  the  work  between  the  different  operators.  For 
ezampfe,  Nos.  1  to  fiO  may  call  frequently  enough  to  require  two  operaton 
to  properly  care  for  them;  while  Nos.  50  to  150  may  require  but  one  operator. 
It  would  clearly  be  impossible  to  distribute  answering  Jacks  and  mjmJk  to 
meet  such  conditions  while  designing  a  switchboard.  The  qneeUoa  ^ 
distribution  must  be  met  by  the  intermediate  frame.  The  multiple  fnA 
wiring  connects  to  one  side,  and  that  for  the  answering  Jacks  and  aSgnsk 
to  the  otb^.  and  the  oross  connection  serves  to  connect  any  answerinc  jack 
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o  any  multiple  jsck.  It  is  of  no  moment  that  answering  lacks  be  plaoed 
n  an  order  havins  no  relation  to  the  line  number,  for  they  are  never  sought 
or  by  number,  but  only  in  response  to  an  associated  signal. 

Of  the  other  apparatus  the  most  important  Is  the  power  plant.  In  mag- 
leto  offices  this  comprises  a  small  four-volt  storage  battery,  sufficient  to 
nergise  the  operators'  transmitters  and  to  operate  miscellaneous  signal 
amps  and  magnetic  signals.  A  power«driven  generator  for  charging  the 
Xittery  and  power-driven  ringing  machines  are  also  ^required. 

For  common  battery  offices  the  battery  is  usually  of  from  16  to  62  volts 
md  of  lane  capacity.  The  charginggenerators  must  be  correspondingly 
arge,  having  sometimes  as  great  as  2&  kw.  output,  which  at  low  voltage 
neans  a  big  and  hea^  machine. 

It  might  seem  at  first  thought  that  the  battery  oould  be  omitted  as 
generators  must  be  provided  to  charge  them,  the  generators  being  used 
Itrectly.  Unfortunately  the  difficulty  of  makmg  a  generator  which  will 
>roduce  a  ciurent  sufficiently  smooth  to  permit  of  any  service  whatever 
rithout  a  battery  is  so  great  that  the  use  of  the  battery  is  a  necessity, 
rhe  battery  smooths  out  the  irr^ularities  caused  by  the  commutation  of 
he  generator,  which  irregularities,  of  no  moment  at  all  in  any  other  service^ 
ire  entirely  disastrous  to  telephony  because  of  the  noise  introduoed. 


There  are  in  operation  quite  a  number  of  automatic  ezchange 
lystems.  These  range  in  sise  from  accommodations  for  a  few  lines*  to  a 
capacity  ■  approaching  10,000  lines.  The  subscriber's  instrument  for  all 
jkutomatio  sjrstems  is  provided  with  a  numbered  dial  and  a  movable  indi- 
sator.  This  latter  is  set  in  some  manner  to  indicate  the  number  of  the  line 
ieeired.  When  released  it  returns  automatically  to  sero  and  in  so  doing, 
through  the  uency  of  auxiliary  contacts,  it  causes  a  selecting  apparatus 
U  the  oentraToffice  to  make  connection  between  its  line  and  the  desired 
ine. 

Almost  all  automatics  depend  upon  the  multiple  i>rinciple.  Each  line  is 
issigned  a  switching  mechanism  before  the  movins  switch  arms,  of  which  are 
krrasred  contact  pomts  for  all  other  lines  in  the  district.  There  is  thus  one 
nultiple  for  each  line.  The  multiple  line  contacts  are  arranged  in  conseo- 
itive  order.  For  small  systems  they  are  often  placed  as  radii  of  a  circle 
>ver  which  the  contact  arms  move.  In  such  systems  the  motor  for  the 
iwltch  arm  requires  but  one  motion,  that  of  revolution.  In  other  small 
lyvteros  the  contacts  of  the  multiple  are  arranged  in  a  eingle  row.  The 
rwHch  motion  thai  becomes  a  simple  longritwlinal  one.  As  the  capacity 
crows,  the  multiple  contact  points  assume  the  form  of  a  superimposed  series 
»f  rows,  the  contact  of  each  line  occupying  a  position  which  can  be  located 
>y  its  co-ordinates.  The  tens  of  the  number  usually  corrwpond  to  the 
rertical  and  the  units  to  the  horisontal  co-ordinate.  For  such  systems  the 
noviug  switch  arms  require  two  motions.  If  the  points  be  arranged  upon  a 
>]ane  surface,  these  motions  are  an  elevation  and  a  transverse  motion.  If 
he  contacts  be  arranged  upon  the  inside  of  a  cylinder  the  motions  are 
ilevation  and  rotation.  

Suppose  with  such  a  system  Number  70  is  desired.  Seven  elevating 
mpulses  will  be  sent  so  that  the  switch  arm  will  traverse  the  vertical  co- 
ordinate. Then  nine  transverse  or  rotating  impulses  will  cause  the  arm 
o  traverse  the  horisontal  or  units  ordinate  and  rest  upon  the  point  7*0. 

A  seeond  system,  more  aldn  to  a  manual  switchboard,  has  been  invented. 
!n  this  S3^em  the  lines  have  each  but  one  set  of  terminals,  but  there  is 
irovided  a  system  of  circuits  corresponding  exactly  to  the  oord  circmts  of 
oanual  switchboards.  The  starting  of  a  call  causes  one  of  these  circuits 
o  first  become  connected  to  the  calling  line  and  then^to  the  called  line 
rUch  is  automatically  rung  up. 

When  automatic  systems  are  used  for  a  great  number  of  Hues  the  method 
f  completing  calls,  while  becoming  little  more  complicated  for  the  user, 
leoomes  excessively  more  so  at  the  switchboard.  It  is  not  possible  to 
ttempt  to  esrolain  here  the  scheme  of  operation,  nor  is  H  possible  to  WOr 
Uks  details  of  any  of  the  smaller  systems. 
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Efforts  hay©  been  made  to  use  telephone  lines  for  two  distinct 
nmultaneouBlv,  m  two  ways.     The  first  has  been  but  partially  _ 
and  contemplates  sending  more  than  one  telephone  meesase   at  a 
Ihe  seoond,  very  successful,  and  in  everyday  use  permiUof  the 
neous  transmission  of  telegraph  and  telephone  messaees. 

iJuplex  and  multiplex  telephony  depends  upon  the  arrwisement  ol  tk 
various  instnunento  with  reg^  to  the  conductors  so  th»t  each  telepfaoai 


Fio.  34.  Duplex  Telephony. 

eonnects  equipotential  points  of  the  system  with  respect  to  all  ni:KM>  g-^r- 
ments  save  its  mate.  Thus  in  Fi«,  34.  if  the  resistance  and  capaSt^Si 
the  upper  branch  of  the  parallel  Ime  e9ual  exactly  that  of  thHowW^i 
both  in  value  and  distribution,  the  terminals  of  both  Ta  and  T  wiU  <Sw^ 
equipotential  pomts  with  respect  to  instruments  Ti  and  T^.     QiuSSbf 


Fia.  35.     Multiplex  Telephony. 


7J  and  TV  connect  equipptentUl  points  with  respect  to  T,  and  T.  So 
Ui  the  multiplex  circuit  it  will  be  found  that  eq^teatiSlpoiuU  ^«^ 
Retardation  coils  serve  better  than  reslstanceJ,  fo  such  s^Stt  ^SS- 
mav  be  connected  to  form  an  Inductive  path  fir  cunSite  ^S^rJ^LSTS 
whfch  should  be  resisted  to  prevent  loss  ot  volume  andto  torml  SSSSi^ 

*n?,P*i,y''^i*'^?.^""«°<»  ^^*<^^  «^o«W  be  conducted.  «<»-M«w 

^S®J  S°"'*L^**^i?"^^  systems  lias  lain  In  the  Inability  to  make  the  t^ 
^des  of  the  various  lines  exactly  alike,  with  the  result  Ui^  ^qI^^ 


Fio.  36. 
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eQuipotential  poinUi  were  not  such.  Under  this  oondition  the  two  oirouita 
overlap  and  cross-talk. 

The  method  employed  for  rendering  tel^japh  wgnalw  of  no  effect  upon 
telephone  tines  has  involved  the  roundmg  oi  the  telegnph  current  impuues 
to  such  an  extent  that  there  is  no  change  abrupt  enough  to  affect  the  tele- 
phone. The  first  system  was  invented  by  Van  Rysselberi^he  and  after 
modification  is  used  to-day.  Such  a  system  is  indicated  in  Tig.  36,  taken 
from  Maver's  American  Telegraphy.  It  will  be  seen  that  one  pair  of  wires 
provides  simultaneously  for  one  telephone  and  two  telegraph  mesteges. 

Aiiother  system  in  use  sometimes  called  "  Simplex, "  provides  for  out  one 
ixifissage  of  each  kind  for  each  two  wires.  Simultaneous  telegraphy  and 
telephony  is  used  extensively  on  Ions  distance  lines,  and  the  application  of 
tbis  system  is  called  "  compositing,  while  the  coils,  condensers,  etc,  are 
<»illed  a  "composite  set." 


X.MmT9  or  TEEJBJPHOinC  VMAJfmmMMBMOV. 

The  limiting  distance  through  which   commercial  telephonv  Is  practi- 
cable b  as  yet  an  imknown  ciuantity.      Every  few  years  the  idea  becomes 
general  that  the  working  limit  has  been  reached,  ^  hen  some  new  invention 
or  construction  permits  of  a  further  ext  ension.     The  limit  for  the  magneto 
transmitter  was  extended  by  the  Blake  transmitter,  and  then  by  the  solid 
back  type.    The  bipolar  receiver  has   replaced  the  single  pole.    Dry  and 
L«Clancne  batteries  were  superseded    by  the  more  powerful  and  steadier 
Fuller  cell  and  this  in  turn  bv  the  storage  battery  of  practically  constant 
atreaigth.     In  the  direction  of   the  line  the  srouzxled  circuit  ^ve  way  to 
the  metalKc  and  the  iron  and  steel  wire  to  nard  copper.    This  latter  has 
been  used  in  constantly  increasing  sises  until  the  commercial  limit  seemed 
to  be  reached  at  number  six  B.  A  a. 
'  The  most  obvious  wa^  of  increasing  volume  is  improvement  in  the  sen- 
sitiveness of  the  transmitter  and  receiver.      Improvements  in  this  direction 
have  been  at  a  standstill  for  some  years.      Nothing  has  been  found  to  better 
the  solid  back,  except  increase   ox  current,  and  the  effect  of  this  is  tem- 
porary only,   resulting    disastrously     verv   soon.      Improvements  in   the 
recover,  on  the  other  hand,  prove  a   disadvantage  at  once,  as  with  a  sensi- 
tive receiver  the  effect  of  Ime    disturbances  grows  at  a  rate  entirely  incom- 
xnounirate  with  the  increase  in    volvme  of  transmission. 

Another  method  of  extending  the  limit  for  speech  transmission  attempted 
almost  since  the  beginning  of  telephony  is  the  use  of  a  repeater,  in  a  manner 
exactly  similar  to  that  which  has  worked  so  successfully  in  telq^rapby. 
Up  to  this  time,  however,  no  success  has  teen  met  with  along  this  line. 
No  repeater  has  as  yet  been  developed  which  does  not  do  at  least  as  much 
harmas  good. 

Within  the  last  few  years  an  oitirelv  new  means  of  improving  the  effi- 
ciency of  transmission  has  appeared.  This,  briefly,  consists  in^  the  dumge 
of  the  electrical  characteristics  of  the  line  b}^  means  of  auxiliary  mduc- 
tances  or  capacities  or  auxiliary  conductors  in  a  manner  such  that  the 
telephone  currents  are  transmitted  with  better  eflSciency.  «,  «  -^    . 

The  first  method  to  be  developed  was  that  invented  by  Dr.  M.  I.  Pupin 
and  termed  "loading."  Dr.  Pupin  showed  how  coils  of  certain  known 
inductance  can  be  sj^iused  along  a  line  and  thereby  improve  its  efficiency. 
The  adaptation  of  such  a  svstem  of  course  requires  much  study  and  experi- 
ment. Coils  must  be  designed  which  are  non-interfering  and  the  energy 
abaorbing  properties  of  which  afe  sufficiently  reduced  so  that  there  is  a 
net  gain  In  transmission.  lines  are  now  in  use  equipped  with  this  system, 
Dut  It  can  scarcely  be  said  to  have  passed  the  experimental  stage.  The 
improvement  in  transmission  thus  far  is.  as  far  as  can  be  learned,  about 
as  2\  to  1,  when  all  conditions  are  normal.  When,  however,  the  insulation 
of  a  line  is  reduced  irr^nilarly  as  by  moisture,  the  effect  upon  a  loaded  cir- 
cuit is  at  times  very  disastrous. 

Two  later  systems  have  been  invented.  One  of  these  involves  puttmg 
eondensers  in  series  with  the  line  and  inductances  across  the  line,  at  regular 
intervals.    This  system  has  as  yet  been  placed  upon  no  practical  basis. 

The  second  of  these  systems  has  been  developed  in  theory  to  the  most 
encouraging  state.    It  may  be  termed  the  method  of  "distributed  shunts. ' 
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The  theoretied  oondltion  to  be  fulfilled  ie  that  of  equal  Ttdooity  of 

miaion  for  wayes  of  all  frequmcy;  thus  the  eondition  for  no  dutorika  of 
the  wave  forma.  The  InT^Nitor  has  found  that  to  fulfil  ibis  oondiciaB  bi 
muit  inorease  the  induotanee  of  the  eo^per  line  bjr  platins  it  with  *-at'  *" 
material  such  as  nickel  or  an  alloy  of  iron  and  nickel  and  that  H  taoM  he 
shunted  at  stated  intervals.  The  shunts  consist  of  graphite  or  other  Ma- 
inductive  resistances  of  many  thousand  ohms  resistance  ciinrh:  msmaad  st 
equal  int^^ab  of  from  one  to  several  miles- 

MOVBA  OM  CO(Kr  OV  TSIAPHOmB  IPMJLBTW, 

That  the  cost  of  telephone  switchboards  for  large  central  oflSo^  iniiwisi 
faster  than  the  number  of  lines  is  of  course  evident  from  what  1ms  bea 
•aid  concerning  switchboards.  It  must  be  pointed  out.  however,  that  e««9 
when  the  plant  ia  considered  as  a  whole,  the  cost  for  Isirge  planta  is  greiter 

SBT  station  than  for  smalL    The  followug  bsr  H.  S.  Kerr  in  the  Awmien 
Uctrician  may  throw  some  lignt  on  this  subject. 

**  The  cost  of  a  t^ephone  puuit  can  be  estunated  approzimately  on  ibe 
baslB  of  the  number  of  instruments  installed.  An  exchange  of  500  tcfe- 
phones  installed  withhi  a  radius  of  li  miles  without  any  conduit  or  csbk 
work,  but  with  up^to-date  pole-line  construction,  will  cost  about  989  par 
instrument:  this  will  come  so  near  to  the  actual  cost  that  a  oompanr  tmj 
base  its  calculations  on  it  with  a  degree  of  certainty.  As  the  numocr  d 
telephones  increases,  that  radius  or  distance  from  the  exchange  will  alv 
increase^  and,  therefore,  the  cost  per  instrument.  In  estixoatin^  os  • 
plant  of  1000  telephones  some  aerial  cable  and  more  substantial  eonst^l^ 
tion  must  be  taken  into  consideration  as  well  as  more  costly  equiDinent; 
scM^uently,  there  will  be  a  material  increase  in  the  cost  per  instrai 
without  conduit  work  a  safe  approximate,  figure  would  be  S8S 
ment  within  an  ordinary  radius. 

"When  an  exchange  has  more  than  1000  subscribers,  and  quidc,  stricter 
modem  service  is  required,  necessarily  it  must  be  equipped  with  cential 
energy  and  multiple  switchboards,  and  in  towns  "v^ere  electric  Kght  aad 
railways  are  used  many  additional  appliances  are  required  to  neutrafije 
the  interference  from  the  heavy  circmts.  Where  it  is  neoesaary  to  eoe- 
stnict  conduits  it  is  not  safe  to  allow  less  than  f  100  per  instrument  far 
the  installation.  In  large  cities  where  5000  to  10,000  subecribera  sr* 
connected  up,  the  cost  would  approximate  from  flSOto  $200perin8tnimcDt." 
Besides  the  interest  on  the  investment,  maintenance  and  depredsiias 
are  of  vital  importance.  Something  has  already  been  said  with  rsiBrd 
to  the  maintenance  and  depreciation  of  cable,  but  further  opinion  Baar  be 
of  value.  In  1890  the  Michigan  Board  of  State  Tax  Oomxnission  arrrred 
at  the  following  schedule  of  depreciation  for  various  telephone  equipineDL 
*'  Poles  and  cross-arms,  accepting  about  twelve  years  as  the  avenge  ifa 
of  a  pole,  a  depreciation  was  allowed  of  eight  per  cent  per  annum;  under- 
ground conduits,  two  per  cent;  underground  and  aerial  cables,  lead-coverel 
and  rubber,  ten  per  cent;  subscriber's  station  equipment,  ten  per  co*; 
switchboards,  ten  per  cent.  For  copper  wire  In  use  one  year  or  less,  iti 
full  value  will  be  taken:  for  two  years  and  less  than  three  years,  two  sad 
one-half  per  cent;  for  three  years  and  less  than  five  years,  five  per  ecet: 
for  five  years  and  less  than  ten  years,  ten  per  cent;  for  ten  years  and  ont, 
twenty  per  cent.    This  makes  an  annual  average  of  about  eight  p 


(Condensed  firom  articles  by  W.  S.  Henry  in  Amtr,  Sl$e^  IMX)). 

Thus  far  only  the  central  office  system  has  beoi  considered.  For 
Private  lines,  InteroommunicatinA,  and  House  Systems,  verv  diifeRBt 
apparatus  and  circuits  are  used.  Such  systems  have  bcHi  well  described 
in  the  technical  press  and  it  therefore  seems  sufficient  to  review  briefly 
a  series  of  articles  treating  of  such  systems.  ,  .... 

Private  telephone  systems  may  be  divided  into  tenet  partif  knee,  hnd0mt 
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party  Unst,  inierwMmnmioaiinp  9U9iema,  and  tmaU  eentnd  mnichboard 
•ytUnu,  As  the  last  system  differs  pntetieally  only  in  sise  from  the  regular 
central  station  system  no  description  of  it  will  be  undertaken  here.  In 
tbeoe  systems  eitner  magneto  or  microphone  transmitters  may  be  used,  and 
the  ajgnaling  apparatus  may  be  either  magneto  bells  and  generators  or  the 
eommon  yibrating  bell  and  cattery. 

Where  microphone  transmitters  or  vibrating  bells  are  employed,  th« 
bfttteriea  may  be  distributed  among  the  various  stations  or,  in  some  oases,  all 
eonoentrated  at  one  place.  It  is  generallv  desirable  although  not  really 
neceeaary,  so  to  arrange  the  circuits  that  the  bell  at  the  calling  station,  or 
the  home  bell  as  it  is  called,  should  ring  when  calling  up  another  station. 
This  awuree  the  person  signaling  that  nis  own  circuit  and  probably  the 


Fi«.  37.  Series  System  with  Magneto  Transmitters  and  Signaling  Batteries. 


whole  system  Is  in  working  order,  and  that  his  call  is  being  transmitted  to 
the  desired  station. 

One  of  the  simplest  telephone  systems  comprises  magneto  instruments 
eonnecied  in  series  in  one  line.  Fig.  37  shows  an  arrangement  of  this  kind 
requiring  at  each  station  two  magneto  instruments;  7  Is  the  transmitter 
^d  R  is  the  receiver.  An  ordinary  vibrating  battery  bell,  V,  a  batt^,  B, 
of  two  or  more  cells,  and  a  hook  switch,  H,  complete  the  equipment.  When 
the  receiver,  H,  is  hf^nging  on  the  hook,  the  line  is  connected  to  the  lower 
oontact;  when  the  receiver  is  removed,  a  spring  pulls  the  lever  up  against 


Fxa.  88.    Series  System  with  Msgneto  TVansmitters  and  Generators. 

the  contact,  b.  The  smaller  auxiliary  switch.  Z,  is  arranged  to  normally 
rest  on  the  contact,  e.  It  may  be  pressed  down  upon  d,  but  when  released 
it  shoukl  be  returned  to  e  by  a  stiff  spring. 

In  Fig.  38  a  very  similar  arran|nBment  &  shown,  the  only  differenoe  being 
the  use  of  magneto  generators^  v,  in  the  place  of  the  signaling  batteries, 
B,  of  Fjg.  87,  and  the  substitution  of  magneto  bells  for  the  simple  bells  used 
in  the  first  system.  The  signaling  key,  K,  has  only  the  upper  oontact,  to 
normally  short-circuit  the  generator,  G,  aa  indicated  in  the  sketch.  Some 
automatic  arrangement  may  of  course  be  used. 

The  above  described  systems  are  known  as  smes  party  fm««,  meaning 
that  all  of  the  stations  connected  up  are  in  series  with  eaoi  other.  When 
this  arrangement  is  used,  even  for  a  small  number  of  stations,  the  bell  mag-r 
nets  should  have  as  low  resistance  and  as  few  turns  of  wire  on  them  as 
poesible,  in  order  to  reduce  the  iinpedance  of  the  circuit;  and  the  gen^'^*'*** 
should  be  wound  with  rather  nne  wire,  because  the  current  generatoa 
'*^nft  GSM  thmiigh  all  of  the  bells  in  series. 

^  urG«r  to  avoid  forcing  the  talking  current  through  the  magnets  of  the 
signaling  bells,  the  latter  may  be  "bridged"  directly  across  the  dreuit,  as 
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Flo.  80.     BiidiiDS  System  with  Magneto  TninBmittWB  and  Oeiosbn, 

In  Tif.  39.  three  different  methoiie  of  bridging  Bre  Bhown.  At  Sist^ia  1 
the  bell  ii  roniovod  entirely  from  the  circuit  when  the  receiver  book,  ii  ik 
ftt  SlAtion  2  the  bell  lemaine  coDstanlly  ncroaH  the  circuit  in  ivriev  viih  tC 

the  hooli  and  it«  upper  ooniacl  through  the  wire,  a;  at  Station  3  the  bril 

hook  ifl  up  the  traoBmitter  add  recdver  are  eoDnected  in  paiftllet  vith  it* 


..  „.-=.  _..„..,.... -  —  -le  hiih -impedance  belli  bridged  a 

iTO-line  wires,  as  shown  in  Fig.  42.     The  generator,  as  <e  the  •«> 
e,  ia  lutnaally  on  open  circuit. 


^ 
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Three  bridging  methods  are  shown.  At  Statk>n  1  some  of  the  current 
rom  the  batterv,  Af.fi.,  can  flow  through  the  bell  when  the  receiver  is  off 
he  hook,  but  tms  will  do  no  harm;  in  fact,  it  may  be  beneficial,  for  it 
.llows  a  larger  direct  steady  current  to  flow  through  the  microphone.  The 
luctuations  in  the  current  produced  by  the  microphone  cannot  pass 
hrough  the  bell-magnet  coils,  but  will  pass  through  the  line  circuit  on 
CQoimt  of  the  lower  impedance  of  the  latter.  At  Station  3  the  bell  is  cut 
ut  when  the  hook  switch  is  raised,  and  at  Station  2  both  the  generator  and 
lell  circuits  are  cut  off  by  raising  the  hook.  An  extra  contact,  </,  is  re- 
iuired  at  these  two  statk>ns,  but  on  the  other  hand  there  are  two  bells 


Fia.  42.    Bridging  System  with  Microphones  and  Magnetos. 

MS  across  the  circuit  to  form  shunts  or  leaks  for  the  current  when  two 
larties  are  conversing.  On  the  whole,  the  arrangement  at  Station  3  is  the 
test  of  the  three. 

Fig:.  43  represents  a  series  party  system  (corresponding  with  that  which 
m»  snown  at  Station  1  in  Fig.  40)^  in  which  a  battery,  B,  and  vibrating  bell, 
'',  are  used  for  signaling,  and  an  induction  coil,  /,  is  added  to  the  speaking 
pparatus.  The  primary  of  the  induction  coil  is  in  series  with  the  micro- 
*lione  transmitter,  7,  and  its  battery,  M.B.,  and  the  secondary  is  in  series 
rith  the  telephone  receiver  and  the  line. 

The  connections  at  Stations  1  and  2  are  identical;  when  the  receiver 
lOok,  H,  is  down  the  talking  instruments  are  entirely  cut  out,  and  when  it 


Tia,  43.    Series  Fttrty  System,  with  Induction  Coils  and  Signaling  Batteries. 

B  up  the  signaling  key,  battery,  and  bell  are  thrown  out  of  circuit  and  the 
nain  circuit  passes  tntough  only  the  telephone  receiver  and  the  secondary 
»f  the  induction  coil.  At  Station  3  the  connections  are  different;  when  the 
"eceiver  hook  is  down  the  telephone  receiver  and  secondary  of  the  induc- 
ion  coil  are  merely  short-circuited,  while  the  transmitter,  its  battery^  and 
he  primary  of  the  induction  coil  are  open-circuited.  When  the  hook  is  up, 
he  talking  instruments  are  connected  up  for  service  and  the  signaling  part 
»f  the  apparatus  is  short-circuited.  Fig.  42  corresponds  with  Fig.  43,  except 
hat  magneto-generators,  O,  and  magneto-bells,  C,  have  been  suDstituted  in 
he  place  of  the  signaling  battery  and  vibrating  bells  shown  In  Fig.  43.  The 
tation  connections  correspond  also,  the  receiver  hook,  H.  at  Stations  1 
\nd  2  being  arranged  to  throw  in  and  out  of  circuit  the  talking  apparatus 
ind  the  signaling  apparatus,  while  the  hook  at  Station  3  merely  short- 
Ircttits  the  signaling  apparatus  or  the  receiver  circuit,  according  to  its 
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position.    This  arrangement  is  the  preferable  one  of  the  two.  for  tbe 
that  faulty  switch  oontaots  at  the  receiver  hook  will  not  opcMX  the  i 
so  that  there  will  always  be  a  continuous  line  through  which  one  aar 
signal. 

A  simple  system  installed  where  there  was  considerable  noiae,  diit,  aai 
vibration,  is  represented  diagnunmatically  by  Fig.  45.  Ho^e,  there  «re  tls« 
line  wires,  a,  b,  and  «,  the  line  c  forming  a  common  return  for  botk  tai 


Fio.  44.   Series  Party  Ssrstem  Using  Induction  Ck>ib  and  RignmKng 


■Ignftling  aikd  the  talking  circuits,  a  and  6,  on  which  the  apparatus  is  v- 
ranged  m  series.  In  this  system  the  talking  line  is  never  open-circuited,  thi 
telephone  hook,  H,  serving  to  merely  short-circuit  the  receiver  stud  tki 
secondary  of  the  induction  coil  when  down,  and  to  remove  the  abort -cimk 
and  close  the  local  circuit  of  the  transmitter  and  induction  coil  priBarr 
when  up.  It  is  obvious  that  the  middle  line  wire,  c,  gives  a  free  path  to  tie 
talking  current,  instead  of  its  being  forced  through  the  signaling  bi^ls.  8ae& 
an  arrangement  facilitates  the  separation  of  the  signaling  and  talldnic  ap- 
naratus,  so  that  the  call  bells  can  be  located  where  tliey  can  be  easily  hesrd 
while  the  transmitter  and  reeeiver  may  be  put  in  a  sound-proof  cloeet.    Jht 


Fza.  45.    Three-Wire  Series  Party  System. 


disagreeable  noises  due  to  induction  from  lighting  or  power  drenits 
overcome  by  using  a  twisted  three-conductor  cable  betwem  stationa. 
an  installation  is  greatly  superior  tp  the  series  system  shown  by  Figs.  43 
and  44. 

Fig.  46  shows  a  series  system  in  which  one  battery  is  used  both  Cor  sisoal- 
ing  and  for  talking.  In  this  system  the  connections  are  alike^at  all  stations; 
when  the  receiver  hook,  Ht  is  down  and  the  signaling  key,  Z.  u  up,  tbore  srs 
included  in  the  line  circuit  only  the  vibrating  oeUs.  Depressing  the  «pttl- 
ing  key,  I,  puts  the  battery  in  the  line  and  causes  all  the  bells  to  ring,  it  is 
preferable  to  have  the  batteries  so  connected  up  that  if  two  or  more  flagnal- 
inff  keys  should  be  depressed  at  once  the  batteries  will  agree  in  polarttr 
Wh«i  the  recdver  hook  is  up  the  battery  is  connected  in  aeries  with  the 
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trmnsmitter  and  the  primary  of  the  mduction  ooil,  while  the  rigwaling  key 
stud  bells  are  thrown  out  of  drciiit  and  the  telephone  receiver  and  aeoondary 
winding  of  the  induction  ooil  are  included  in  the  line,  as  shown  at  Station  3. 
In  tms,  as  in  previous  series  systems,  with  the  exception  of  Fig.  46,  the 
tflklldng  current  must  flow  through  the  signaling  bells  at  idle  stations.  The 
Advantage  of  the  ssrstem  is  obviously  that  it  eliminates  half  the  batteries, 
only  the  one  battecy  being  used  at  each  station  for  both  signaling  and  talk- 


Hf 


Fio.  4tt.    Series  Party  System  Using  One  Battery  at  each  Station  for  both 

Talking  and  Signaling. 

in{(.     Aa  in  all  series  systems  where  vibrating  belb  are  used,  the  vibrators 
•hould  be  short-circuited  on  all  bells  except  one. 

The  best  method  for  connecting  a  large  number  of  telephones  on  a  single 
system  where  onhr  two  line  wires  may  be  used  is  to  bridge  them,  as  alK)wn 
in  Fig.  47.  The  dots  A  and  A',  represent  the  binding-posts  of  each  complete 
outfit.  The  bells  are  permanently  bridged  between  the  two  line  wires  at 
Stations  1,  2,  and  4,  irrespective  of  the  position  of  the  receiver  hooks.    The 


Fto.  47.    Bridging  Party-line  System;  Three  Arrangements  of  Station 

Instriunents. 


magneto-generator  is  also  bridged  across  the  two  line  wires  in  an  Independ- 
ent drcmt,  which  is  normally  kept  open  either  by  a  push-button,  k,  or 
by  an  automatic  device  on  the  magneto  spindle. 

At  Station  3  the  magneto-cenerator  is  bridged  permanently  across  the 
line  as  in  Stations  1,  2,  and  3,  but  the  bell  is  connected  across  only  when  the 
receiver  hook  is  down,  being  thrown  out  when  the  hook  is  up.  At  Station  5 
the  bell  and  generator  are  oridged  across  the  line  wires  when  the  receiver 
hook  is  down,  and  are  cut  out  entirely  when  it  is  up.  At  all  of  the  stations 
a  third  bridging  circuit  includes  the  receiver  and  the  secondary  winding 
of  the  induction  ooil  in  series,  this  circuit  beins  open  when  the  receiver 
hook  is  down  and  closed  when  it  is  up.  The  hooic  also  closes  the  local 
transmitter  circuit  in  the  usual  way  when  it  is  up  and  opens  it  when  it  is 
down.  The  connections  shown  at  Stations  3  and  5  possess  the  advantage  of 
cutting  out  their  signaling  bells  entirely  when  the  receiver  hooks  are  up, 
insteaa  of  leaving  the  bells  shunted  across  the  line  continuously,  as  is  the 
case  at  Stations  1,  2,  and  3. 
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COHMOir  REXITllir  UTTBllCOmHUiriCJL 

SYSTEMS. 

An  intercommunleatiiig  systeiii  may  be  defined  as  a  ByBtem  havlag  thnt 
or  more  telephones  oonnectea  to  the  same  system  of  wiring  in  sucli  a  manstt 
that  one  may  from  any  station  call  up  and  conyerse  with  any  otber  staUesit 
without  requiring  any  central-station  switchboard  whatever.  Jnteraw- 
municating  systems  require  one  wire  from  each  station  to  every  otber  statice 
and  at  least  one  more  wire  runuins  through  all  the  stations.  Wliex«  Tibnt- 
ing  beUs  and  one  common  ringing  oattery  are  employed,  at  least  tvo  mon 
wires  than  there  are  stations  are  necessarv.  At  ecMsh  station  there  mi»t  be 
a  switch  of  some  kind  whereby  the  telephone  at  each  station  may  be  eo- 
nected  to  any  one  of  the  wires  belonging  to  the  other  stations.  Intereco- 
mnnicating  systems  are  very  praotiosi  and  satisfactory  up  to  fifteen  or  eves 
twen^  stations ;  beyond  that,  the  large  number  of  wires  riinnin|g  throii^ 
all  stations  makes  the  cost  of  the  system  increase  rapidly,  eepeciaUy  wha 
the  stations  are  some  distance  apart.  For  a  large  number  of  stations  wd 
scattered,  a  simple  centralnstatlon  switchboard  system  is  preferable. 

Fig*  48  shows  a  very  common  but  not  a  good  method  of  interconnecilM  s 
numDer  of  telephones,  where  each  station  is  equipped  with  ordinary  sens 
bells  and  masneto  generators.  Theoretically  any  number  of  telephones  nsi 
be  connected  on  such  a  system,  but  practiciu  consideration  would  place  the 
limit  at  about  twenty.  In  this  figure  there  are  four  stations  :  at  Ifoa.  l,t 
and  4  the  telephone  connections  are  drawn  in  full,  while  at  No.  3  is  shows 
the  telephone  outfit  as  it  usually  appears.  There  are  four  individwd  U»t 
wires,  numbered  1,  2, 3,  and  4,  aud  a  oommon  return  wire.  Thus  there  ii 
one  more  wire  than  there  are  stations,  and  all  these  wires  run  through  sB 
the  stations,  each  wire  being  tapped  at  each  station  and  not  out.  At 
station  there  is  one  ordinary  telephone  instrument  consisting  of  Use 
talking  apparatus,  magnet<>generators  and  polarised  bells.  Below 
telephone  there  is  an  intercommunicating  switch,  the  buttons  of  whldi  aie 
connected  to  the  respective  line  wires,  and  the  common  return  wire.  Whss 
not  in  use  the  switch  at  each  station  snould  remain  on  the  home  button. 


4    •• 


Fio.  48.    Intercommunicating  System,  with  Magneto  Signaling  GeBtr* 

ators  and  Polarised  Bells. 


With  all  the  levers  in  this  position,  a  person  at  any  station  can  eall  v» 
any  other  station  by  moving  the  switch  lever  to  the  button  eonneeted  win 
the  Individual  line  of  the  station  desired,  and  turning  the  gmerstor 
handle ;  only  the  bells  at  the  home  station  and  at  the  station  called  ap  will 
ring.  The  ringing  and  talking  currents  pass  through  only  the  instruaestf 
at  the  stations  in  communication.  After  finisbing  the  eoinTervatk»,  tlM 
switch  lever  at  the  home  station  must  be  retumMl  to  its  home  positioa, 
otherwise  the  system  will  be  crippled. 
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In  Fig.  40  U  shown  a  method  of  wirlns  the  intercommnnloating  switoh 
Ibat  ayoids  the  principal  objection  mentioned  In  connection  with  Fig.  46, 
tlkjut  Is,  theif allure  to  return  the  switch  to  the  home  position  does  not  leare 
tlie  station  so  that  it  cannot  be  called  up.  Qnlv  four  stations  are  shown, 
l>ia.t  the  system  can  be  extended  to  include  as  large  a  number  as'  may  be 
desirable.  The  usual  telephone  sets,  con9isting  of  a-  microphone  trans- 
mitter, induction  coil,  receiver,  hook  switoh,  two  cells  of  battery,  a  series 
magneto-generator  and  polarized  bell,  are  included  in  the  outfits  Indicated 
lay  Ti,  T„  etc.  The  inside  connections  of  these  telephones  are  the  same  as 
■bown  in  Uie  preceding  figure. 


Fig.  40. 

In  Fig.  49  one  blndine>po6t  of  each  telephone  is  connected  to  the  common 
return  wire,  and  the  otner  binding-post  is  connected  to  both  the  lever  arm, 
«,  and  the  individual  line  wire  belonging  to  that  particular  station. 

The  home  button  in  this  last  system  u  the  first  on  the  left  and  is  not  con- 
nected to  anything :  it  is  really  a  duinmv  button,  but  it  should  be  there  by 
all  means,  for  the  lever, «,  of  the  swltcn  should  always  be  returned  to  ft 
when  the  original  calling  party  leaves  the  telephone.  If  all  switch  arms,  s, 
are  on  the  home  buttons  it  will  be  found  that  the  circuits  of  all  instru- 
ments are  open  and  no  bell  will  ring,  no  matter  what  generator  is  turned. 
If  Station  2  desires  to  call  Station  1  it  will  be  necessary  to  first  move  the 
switch  arm,  c,  at  Station  2  to  button  1. 

Fig.  00  is  a  system  similar  to  that  shown  in  Fig.  40,  but  arranged  for  yi> 
bratuig  bells  and  one  common  calling  battery,  CB,  In  place  of  magneto* 
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FlO.  00.    Ck)mmon  Signaling-Battery  System. 
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generaton  and  polariBed  bells.  A  batterr  is  used  at  eaeb  station  for  che- 
ating the  transmitter.  This  is  probably  the  best  arrangement  of  batttfia 
for  snoh  a  system  where  ribrating  bells  are  used.  This  syatem  requires  cm 
more  wire  than  that  shown  in  Figs.  48  and  40  where  masneto-ealling  tp' 
paratns  is  employed;  thus  there  are  two  more  wires  througnoat  than  tbfn 
are  stations.  The  dalling  battery,  GB,  must  be  connected  to  tlie  two  vija 
shown,  but  it  may  be  located  at  any  convenient  place.  In  tills  mmngeme^ 
only  the  bell  at  the  station  called  will  ring,  the  bell  at  the  calllns  stslMa 
remaining  silent.  If  the  bells  are  not  arranged  in  this  manner,  t£e  r&a- 
tors  on  the  two  bells  that  happens  to  be  connected  tn  series  when  mal ' 
call  miffht  interfere  more  or  less  with  good  ringing.  Furthermore.  It 
not  do  to  short-circuit  any  of  the  Tibrators,  because  there  is  no  toiiiwg 
two  stations  may.  be  connected  together  in  making  a  call. 


^ 
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Fio.  il.   Common  Signaling-Battery  System. 

Trouble  is  experienced  with  intercommunicating  systems  similar  to  tbst 
of  Fig.  00  by  reason  of  the  user  carelenly  leaving  the  selective  switch  S.off 
the  home  button  after  using  the  telephone.  Fiff.  51  shows  a  method  of  wir- 
ing such  a  system  which  oDviates  to  a  consi(torable  extent  this  trooMe. 
Here,  the  vibrating  bell  is  permanently  connected  to  the  home  button,  sad 
the  pivot  of  the  switch,  S,  is  connected  to  the  arm  of  the  push-switeh,  £. 
Any  station  can  still  be  called  up,  no  matter  on  what  button  its  swit^S^ 
may  be  left. 


5E 


FI0.6S. 

The  same  system  of  wiring  employed  in  Fig.  48  is  applied  to  the  systsa 
■hown  in  Fig.  62,  in  which  magneto-generators,  O,  andpolarixed  beUkC. 
are  used  in  place  of  the  battery  and  vibrating  bells.  There  is  no  need  et 
having  a  push  button  or  automatic  shunt  on  the  generator,  althou^  it  wfll 
do  no  narm.  The  generator  is  normallv  on  open  circuit  because  one  of  its 
terminals  ^  connected  to  the  under  contact  ox  the  push  switch,  K.  In  order 
to  call  up  a  station,  the  switch,  8,  in  plaoed  on  the  button  belonging  to  tkt 
station  oesired,  the  push  switch,  K,  depressed,  and  the  generator  luoidte 
turned.  Since  no  common  battery  is  employed  for  ringing,  this  systsn 
requires  one  less  wire  through  all  the  stations  than  the  preceding  ainac^ 
ment. 
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In  Fig.  63  Ui  shown  an  arrangement  in  which  one  conveniently  located 
oommon  battery,  C  B,  supplies  current  for  ringing  and  also  for  all  trans- 
mitters.  No  matter  where  the  lever  of  the  selective  switch  is  left,  the  bell 
can  still  be  rung,  but  conversation  cannot  bQ  carried  on  until  the  switch  at 
the  station  oallra  is  returned  to  the  home  button.  This  system  includes  a 
piece  of  apparatus  at  each  station  that  has  not  been  required  in  any  of  the 
systems  previously  described,  to-wit :  the  impedance  coil  £.  where  a 
common  battery  supplies  all  the  local  microphone  circuits  with  current  in 
systems  of  this  kind,  there  is  very  apt  to  be  cross  talk  between  two  pairs  of 
telephones  that  may  be  in  use  at  the  same  time,  in  which  case  the  oattery 
irill  be  supplying  current  to  four  microphones. 


wrwn 


CB 
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Fio.  58.   Common  Battery  System  with  Impedance  Coils. 

'JThe  cross  talk  is  due  to  the  variation  in  the  fall  of  potential  along  the 
oattery  and  common  return  wires. 

The  cross  talk  may  be  greatly  reduced  by  nsins  batteries  of  very  low  in- 
ternal resistance,  such  as  storage  cells,  and  making  the  common  return 
and  battery  wires  extra  large,  that  is,  small  in  resistance,  so  that  the  vari- 
able fall  of  potential  through  the  battery  and  in  these  two  wires  may  be 
small.  However,  It  Is  impractical  to  make  the  resistance  of  these  two 
wires  low  enough,  especially  where  they  are  of  considerable  length,  to 
eliminate  all  cross  talk. 

Another  way  to  reduce  the  trouble  from  cross  talk  is  to  insert  an  Impe- 
daace  coil  in  each  microphone  circuit,  as  shown  In  Fig.  53.  This  makes 
the  impedance  of  each  microphone  circuit  large  compared  to  that  of  the 
two  lines  and  battery,  and  in  order  to  get  the  same  current  as  before  in 
e«ch  microphone  the  e.  m.  f .  of  the  battery  must  be  Increased.  These  im- 
pedance colls  reduce  the  efficiency  of  the  system,  but  the  reduction  in 
cross  talk  compensates  for  this  loss  to  a  great  extent. 


oriiwfe«ib.r- 
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Fig.  54.  Badial  System  ;  Seleotive  at  One  Station  Only. 


1118 


TKLBPHOHY. 


It  Bomellm«  oooon  tluit  a  BTitem  1<  rsqulred  to  be  »  urangfld  Uul  <■• 
Btatlon  can  call  np  uijr  one  of  the  olbsrt,  bul  Ibe  ollien  can  call  Dp  ul 
eoDTene  with  the  Ant  sUtlon  aalf.    Fig.  M  !■  a  dlagnm  at  aach  a  a^''™' 

switch  Kl'or  Kll,bat  they  cuinot  call  up  or  cauyerie  with  ^h  M^- 
SUtion  C  by  meuu  of  the  rnvitch,  S,  und  push,  K,  can  call  up  dlhir 
Station  No.  1  or  No.  i.  Tliure  are  only  two  wires  tbnt  must  run  thronsti  »1 
thmtalions.  There  li  one  wire,  hoivover,  from  Stutlon  C  to  esch  un  d 
the  other  atatloiiB.  Theio  »lre«,  ChU  Wire  No  1  and  CaU  Wire  Nu.  2.  ut 
used  only  when  Station  O  calls  up  one  of  the  other  alatloiia.  One  "in 
oould  be  miule  to  nnsnor  II  tlieru  wu  no  objuctlon  to  h.-iTins  &11  bul  Iki 
home  beU  ring  oheti  Station  C  niakei  a  cull.  In  thin  comi  a.  cerUilD  aioi>- 
1)«r  of  rings  would  be  necessary  lor  each  Btalloii  except  C,  and  Ibe  cot 
common  call  wire  would  be  connected  to  the  ilgnnllng  key  st  a,  Stalkx  C. 
and  there  would  b«  no  need  of  the  awltch.  8. 

As  arranged  in  the  diagram,  the  push  awluh,  K,  Is  normally  open.  Tkn 
Station  Cdeelreato  call  Station  No.  2,  for  Instance,  tbe  switch.  S, 

turned  to  button  J  and  the  |iU8h  swllcb,  K,  d '     ■"-      - 

battery,  B.fumisbes  current  for  all  ringing  ai 


lada  ao  that  emeli 


TMlngbdl. 
b  beninvi 


In  the  eyatema  nofBT  deecril>ed  there  la  nolhlae  In  prevent  the  Iz 
DiunleatlnBgwItfihfrani  being  left  off  Che  home  button  wbea  tha  o 
tion  is  flniahed  and  the  reoeiven  hung  up. 


TiO.  SB.   Ne«  Antomatio  Svltoh. 

.  obviating  (his  trouble  La  the  Neu  antoiutli! 
■    ao  that  the  replac'         "  -     - 

a  fly  back  to  Ita  b , 

ectiYC  Bwitcli,  adapted  u 


abaft.  A,  paaaing  through  the  front  board  of  the  boi 


It  !a  1 


ibya 


This 


dog,  G.  adaptdd,  wl 


1,  F;  when  tbe  receiver  !a  repUcod,  Ihe  dog.'o,  la  pSW 


aUowing  a  spiral  apting  around  the  e 

wheel  the  dog  illpt  out  of  the  notoh  on  the  pi 

ratehel-wheel  before  the  lever, 's,  has  fully  n 


af'thenotch  on  the  nith* 
1.  thus  allowing  the  latter  ti> 
rdei  to  be  ready  for  the  eeil 


INTERCOHHtnilCATItlO   SY8TBK8. 


IT  the  piUiPi  oBrrlBd  o: 


>WI,    F.  thiU  IjoldlDg  II    D 


^— ,,. the  Mwl,  I. 

engsnmsat  vltb  (be  rslobet-vheiil  unill  cherouclaD  ot  tt 

|>lat«d.    At  thli  point  a  pin  on  the  (u-ther  aide  ol  ihs  rstehat-wbeal  piuhca 


In  Ftg.  SB  ira  Bhovn  the  olronlta  ot 
ID  batter;,  CB.  tot  ringlDa  up  (ba 


man  batter;,  CB.  fw  ringlDa  up  (ba  T»rioa>  iMtlona,  ««eb  auit^  hkvlng 
■u  ordinarr  Tlbrktlna  ball,  C.  Ths  ciroulta  ol  Statloni  1  and  4  are  abown  In 
(oil,  wblle  (boae  ot  tba  IntarmedUle  gtatlona,  b^Dg  axaetl;  the  lame,  ara 
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that  station  which  does  hear  the  same  DTixnher  in  the  manner  pn* 
viously  descrihed,  by  means  of  the  wire,  e.  In  this  common-battery  all 
svstem  two  additional  wires  are  ran,  one  being  termed  the  "  call  wire  ^  ui 
the  other  the  "  common  talking  wire."  The  <Mdl  wire  and  the  talking  vin 
are  connected  through  the  calling  battery  CB,  as  shown.  It  is  evident  tbit 
the  number  of  wires  passing  through  all  the  stations  will  be  two  more  thu 
the  number  of  stations,  irrespectlTe  of  that  number. 

If  Station  4  desires  to  call  up  Station  1,  for  example.  No.  4  will  ton  Ui 
switch  lever  until  it  rests  upon  button  1,  then  a  slight  pressture  upon  tb« 
switch  knob  causes  the  switch  lever,  S,  to  touch  the  contact  strip,  D,  eoa- 
pleting  a  circuit  from  the  battery,  CIS,  to' contact  strip.  I>,  lever,  S,  sal 
button,  1,  at  Station  4;  line  wire,  1,  wire,  d,  switch,  M,  and  bell,  C,  «t 
Station  1,  and  back  to  the  battery  tlirough  the  common  fc^llring  vire. 
When  both  subscribers  remove  their  receivers  ft-om  the  hooks,  the  circvti 
are  completed  over  line  wire  1  with  the  common  talking  wire  as  a  tetan. 
At  the  dose  of  the  conversation  the  receiver  is  simply  hung  upon  the  book, 
and  the  automatic  mechanical  device  returns  the  lever  to  the  home  po* 
sition. 

Fig.  57  shows  the  application  of  the  Ness  automatic  swit^  to  an  into^ 
oommunioating  system,  using  one  common  and  centrally  located  battery  fxe 
supplying  both  the  ringing  and  talking  current.  The  section,  TB.  of  the 
battery  supplies  all  the  microphone  transmitter  circuits,  and  the  wbok 
battery,  KB,  supplies  the  current  for  ringing  the  ordinary  vibrating  bslk 
that  are  used  in  this  system.  In  this  arrangement  it  is  evident  tiSat  tke 
number  of  wires  passing  through  all  the  statums  will  in  any  sise  of  sTSt«a 
be  three  in  excess  of  the  number  of  stations. 

ftYftniwi. 

Bt  H.  S.  Wbbb. 

l)y  a  two^wire  intercommunicating  telephone  system  is  meant  one  tbst 
has  two  wires  for  each  telephone  station  in  addition  to  the  two  wires  used  is 
common  by  all  the  stations  in  some  systems  for  signaling  purposes  ooiy- 
The  object  of  using  two  independent  wires  for  each  telephone  station  ii  to 
elim\nate  cross-talk. 

In  a  single  wire  system  if  one  wire  in  use  by  one  pair  of  telephonee  over- 
laps the  wire  incise  by  another  pair  of  telephones,  there  is  very  apt  to  be 
more  or  less  cross-talk. 

Thiu  can  be  avoided  by  using  for  each  conversation  two  independait 
wires;  that  is,  by  using  what  is  here  termed  a  two-wire  ssrstem.  If  the 
wires  for  an  intercommunicating  system  are  run  in  cables,  each  pair  bd«$ 
be  twisted  together,  as  in  telei^ne  cables  used  in  complete  metalfie  ex- 
change systems.  If  not  in  cable  then  the  dififerent  pairs  must  be  fairly  wril 
separated,  and  if-two  pairs  run  parallel  to  each  other  for  any  distance  tfaf 
wires  should  be  properly  transposed  in  order  to  eliminate  cross-talk. 

A  two-wire  system  is  shown  dtacnmmstiQally  in  fig.  58.  A  oootsei 
piece,  «,  is  fastened  to,  but  insulatedrrom,  the  hook  switch,  in  such  a  msa- 
ner  as  to  dose  the  circuit  between  d  and  /  when  the  telephone  reoeiver  reals 
on  the  hook.  A  double  switch.  S^  is  also  required.  The  latter  maybe  made 
in  a  variety  of  ways,  but  is  here  shown  in  a  simple  form  in  order  that  tbe 
connections  may  be  clearly  seen.  The  two  levers  m,  and  n,  are  mechanicany 
fastened  together  so  that  moving  one  handle  will  move  bdth  levers ;  bat 
the  two  levers  must  be  insulatra  from  each  other;  P  is  a  mniple  poAr 
button  switch.  One  common  and  centrally  located  battery,  RB,  is  ved 
for  ringing  the  bell  at  any  station. 

'  To  call  up  a  station  the  switch,  S,  is  turned  until  the  straps,  m  and  a,  n* 
on  the  buttons  of  the  number  of  the  station  denred  and  the  push-buttce 
pressed.  It  makes  no  difference  whether  the  receiver  at  the  station  wher« 
the  call  originates  is  on  or  off  the  hook,  nor  is  it  necessary  for  the  swit^'h  st 
the  station  called  to  be  at  the  first,  or  home,  position.  However,  the  leroa 
m  and  n,  at  the  station  called,  must  rest  on  their  home  positionB  before  tfi/ 
oonversation  can  be  carried  on.  Whoi  ringing,  only  one  wire  of  a  pav  > 
used,  the  wire,  V,  serving  as  a  common  return:  but  when  oon versing,  botb 
wires  of  one  pair  are  in  use,  and  neither  wire,  Tv ,  nor  V,  b  used;  thus  tWm 
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can  be  no  croaa-talk  due  to  induotion.  The  ringiiis  eurrent  ma:^  oaiue 
Blight  trouble  from  induotion,  as  it  traverses  but  one  wire  of  a  pair.  By 
means  of  a  double  contact  push-button  switch  even  the  ringing  ourrent  can 
be  made  to  flow  through  both  wires  of  one  pair  and  all  dax^^  of  induotion 
troubles  be  eliminated. 


Fio.  58.    Two-wire  Telephone  System. 

Such  an  arrangement  is  shown  in  Fig.  69.  The  wiring  at  Station  1  is  so 
arranged  that  the  station  can  be  called  up  from  any  station,  no  matter  in 
what  position  the  intemoommunicating  switch  8%  may   have  been    left. 


Fio.  89.    Two-wire  System  with  Automatic  Switch. 

However,  the  wiring  at  this  station  has  been  lyurposely  so  arranged  that 
the  switch  must  be  returned  to  the  home  position  before  anything  can  be 
heard  in  the  reoeiver. 
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USES  OP  ELECTRICITY  IN  THE  UNITED 

STATES  ARMY. 

RxvtBBD  BT  Graham  H.  Powbll. 

Tin  use  of  deotrioity  is  prevalent  in  nearlv  every  branch  of  the  military 
art,  being  employed  in  the  operation  of  searehlighta,  manipulation  of  coast 
defense  guns,  ammunition  m>i8t8;  in  range  and  position  finders;  for  field 
and  fortress  telephones  and  telegraphs;  for  firing  guns*  submarine  and  sub- 
terranean mines,  and  the  control  oi  dirigible  torpHEdoes:  while  electrically 
operated  chronographs  are  utilised  in  the  solution  of  balustic  problems. 

In  March,  1906,  the  President  submitted  to  Congress  the  report  of  the 
National  Coast  Defense  Board,  appointed  in  the  previous  year  to  recom- 
mend the  armament,  fixed  and  fioattng,  mobile  torpedoes,  submarine  mines, 
and  all  other  appliances  that  may  be  necessary  to  complete  the  harbor  de- 
fense" of  the  United  States  and  its  insular  possessions.  That  bofird  made 
the  statement  in  its  report  that  "  Electricity  nas  become  of  vital  importance 
to  an  eflScient  sjrstem  of  gun  defense." 

The  following  were  the  general  recommendations  of  that  board  so  f ar  aa 
electrical  appliances  are  concerned: 

1.  That  the  electrical  power  for  fortification  and  defense  purposes  be  fur- 
nished tnr  an  adequate  steam-driven,  direct-current  producing  central  power 
plant,  all  machinery  to  conform  in  type  to  approved  commercial  standards. 

2.  Tl»t  each  battery  or  group  of  battenes,  depending  upon  local  con- 
ditions, be  eqmpped  with  direct-current  generators,  gas  or  oil  engine  driven, 
instaUed  as  a  reserve  to  the  central  plant. 

3.  That  searchlights,  except  such  as  are  m  close  proximity  to  the  central 
phrnt.  be  provided  with  and  operated  by  self-contained  unite. 

4.  That  the  torpedo  <»semates  be  equipped  as  heretofore  with  independent 
power  for  submarine-mine  purposes,  as  an  int^^al  part  of  the  submarine- 
mine  defense. 

5.  That  when  alternating  currents  are  essential,  they  should  be  obtained. 
If  practicable^  from  direct  current  by  means  of  a  suitable  converter;  or,  if 
more  eoononu<»d,  by  a  separate  alternating  unit. 

6.  That  the  current  from  the  fortification  central  plants,  when  not  needed 
for  fortification  service,  may  be  used  for  garrison  purposes  when  such  distri- 
bution does  not  require  too  large  an  increase  in  the  size  and  number  of  units. 

7.  That  if  garrison  service  requires  alternating  current,  this  should  be 
supplied  by  the  central  plant,  either  through  a  suitable  converter  or  from 
alternating  current  units  specially  installed  for  the  purpose  in  the  central 
station;  such  increase,  however,  and  all  additional  cost  due  to  poet  lighting 
being  a  charge  against  the  proper  appropriation. 

8.  That  uniformity  of  types  and  accessories  is  desirable. 

9.  That  all  electrical  power  plants  for  the  use  of  fortifications  shall  be 
operated  by  the  Artillery. 

Searchlights  are  used  both  as  offensive  and  defensive  auxiliaries;  defen- 
sive when  used  by  shore  fortifications  to  light  channels  or  by  a  veMel  to 
discover  the  approach  of  torpedo  boats;  offensive  when  used  as  "  blinding- 
lights"  to  smother  the  light  of  an  approaching  vessel  and  confuse  her  pilot. 

Trhe  acoompanying  illustrations  snow  the  searchlight  manufactured  by 
Schnckert  &  Co.  of  Numberg,  Germany. 

The  lamp  is  placed  on  top  of  the  two  lowest  longitudinal  rods  of  the  cas- 
ing, and  is  held  in  place  bv  four  lugs,  two  on  each  side.  The  carbon  holders 
reach  upward  through  a  silt  in  the  casing,  and  there  Is  a  small  wheel  In  rear 
for  moiring  the  light  parallel  to  the  axis  of  the  reflector  for  the  purpose  of 
focusing  it.  The  trunnions  of  the  casing  are  fastened  to  two  longitudinal 
rods  on  each  side,  parallel  to  the  axis  of  tlie  cylinder,  and  can  be  moved  for- 
ward or  back  so  that  the  casing  and  what  is  carried  with  it  will  have  no  pre- 
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ponderaaoe.    The  trxumionB  are  supported  In  tmnnlon  bedi  in  tlie  ends  of 
supports  which  project  upwards  from  the  racer. 

Tne  elevating  are  is  attached  to  another  longitudinal  rod  beneath  the 
c  vlindrioal  casing  and  is  capable  of  adjustment  on  this  rod.  Engaging  in 
tnla  arc  is  a  small  gear  attached  to  a  horizontal  shaft  passing  through  the 
right  trunnion  support  and  carrying  a  small  hand  wheel.  This  small  hand 
^wnael  is  for  the  purpose  of  elerating  or  depressing  the  light  rapidly. 

The  light  may  be  elevated  or  depressed  slowly  by  means  of  a  small  hand 
"wheel  attached  to  another  horlxontal  shaft  in  front  of  the  one  just  described. 
Tills  shaft  near  its  center  carries  a  worm,  engaging  in  a  worm  wheel  on  a 
▼ertioal  shaft,  to  which  is  also  attached  a  bevel  gear.  This  gear  engages  in 
another,  which  is  attached  to  the  quick-motion  shaft,  but  Is  free  to  turn 
Sibout  it  until  it  is  connected  with  the  elevating  gear  wheel  by  means  of  a 
friction  clamp.  The  relation  between  the  worm  and  worm  wheel  is  such 
that  a  slow  motion  is  obtained. 

The  racer  rests  upon  live  rollers  and  is  joined  by  a  pintle  to  the  base  ring. 
Attached  to  the  t>ase  ring  is  a  toothed  circular  rack,  into  which  on  the 
outside  a  gear  wheel  attached  to  a  vertical  shaft  engages.  This  vertical 
shaft  projects  upward  through  the  racer  and  carries  a  worm  wheel,  which 
engages  in  a  worm  carried  on  a  horizontal  shaft  having  a  hand  wheel.  The 
urorm  wheel  is  entirely  independent  of  its  vertical  shaft,  except  when  con- 
nected with  it  by  means  of  a  friction  clamp.  When  so  connected,  by  turn- 
ing the  hand  wneel  the  light  is  travorsea  by  a  slow  motion.  To  traverse 
the  light  rapidly,  the  friction  clamp  is  released  and  the  light  turned  by 
hand,  taking  hold  of  the  trunnion  supports.  One  of  the  ends  of  the  slow 
motion  elevating  and  traversing  shafts  Is  connected  with  a  small  electric- 
motor,  which  is  encased  In  a  box  on  top  of  the  racer.  By  means  of  these 
motors  the  motion  of  the  searchlight  can  be  controlled  from  a  distant  point. 
A  switch  is  provided  with  contacts  so  arranged  that  the  current  can  be 
passed  into  the  armatures  of  the  motors  in  either  dii-ection,  so  as  to  obtain 
any  movement  the  operator  may  desire.  The  current  needed  for  the  move- 
ment is  obtained  from  the  lines  supplying  the  current  used  in  the  light 
itself.  The  current  is  brought  to  the  motors  by  means  of  contact  points, 
bearing  on  circular  contact  pieces  attached  to  the  racer. 

The  reflector  is  a  parabolic  mirror  embedded  in  asbestos  in  a  cast-iron 
frame,  and  is  held  in  place  by  a  number' of  brass  springs.    The  frame  of  the 
r«fleotor  is  fastened  to  the  overhanging  rear  ring  of  the  casing  with  studs 
and  nuts,  the  overhanging  part  of  the  ring  proteoting  the  rraector  from 
moisture.    In  order  to  enable  the  operator  to  observe  the  position  of  the 
carbons  and  the  form  of  the  crater  while  the  apparatus  is  in  use,  small 
optical  projectors  are  arranged  at  the  side  and  on  top  of  the  casing,  which 
enables  images  of  the  arc  as  seen  from  above  and  from  the  side  to  be 
observed,    when  the  light  is  properly  focused  the  positive  carbon  reaches 
a  line  on  the  glass  on  top  of  the  casii^g. 

There  are  two  screws  on  the  positive  carbon  holder  which  enable  the  end 
of  this  carbon  to  be  moved  vertically  or  horizontally  to  bring  it  to  a  proper 
adiustment. 

In  consequence  of  the  ascending  heat  the  carbons  have  a  tendency  to  be 
consumed  on  top  :  and  to  avoid  this  there  is  placed  just  back  of  the  arc  and 
concentric  with  tne  positive  carbon  a  centermg  segment  of  iron,  attached  to 
the  casing,  which,  becoming  magnetic,  so  attracts  the  current  as  to  equalize 
the  upward  burning  of  the  carbons.  In  taking  the  light  out  of  the  casing 
this  centering  segment  must  be  unfastened,  and  swimg  to  the  side  on  its 
hinge. 

An  excanpU  <^  the  method  o/ccUculaHng  the  intensity  of  the  lignt  tent  out 
hp  the  mirror  followt : 

Diameter  of  parabolic  mirror,  60.06  inches. 
Diameter  of  positive  carbon,  1.6  inches. 
Diameter  of  negative  carbon,  1  inch. 
Power  consumed,  160  amperes  X  69  volts. 

Maximum  intensity  of  rays  impinging  upon  the  mirror,  67,000  candle- 
power. 
Average  intensity  of  rays  impinging  upon  mirror,  45,600  candle-power. 
Diameter  of  crater,  0.905  inch. 

Intensifying  power  of  the  mirror  -=■  —  (QonKy  "*f*63. 
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The  ohroBometer  C  is  »  lone,  osdiikdriail  braa  tube  tenninatiac  *t  it« 
upper  extremity  in  a  piece  of  eoft  iron,  and  bearinc  at  its  lower  extremity  a 
■teel  bob.  It  is  surrounded  by  a  sine  or  copper  eyunder  called  the  recorder. 
The  rupture  of  the  first  target  causes  the  demacnetiiation  of  the  macnet  A, 
releasing  the  rod  C.  The  re^^istrar  D  is  of  the  same  weight  as  the  chronome- 
ter, ancfis  a  tube  with  soft  iron  and  bob.  The  cores  of  the  electromagnets 
and  the  soft  iron  of  the  armatures  terminate  in  cones  slightly  roimded  at 
their  vertices  in  order  that  the  armatures  when  suspended  can  take  a  verti- 
calposition. 

When  the  registrar  is  set  free  by  the  rupture  of  the  second  target  it 
strikes  a  horisontal  plate  (fl\  which  turns  upon  its  axis  (e)  and  releases  the 
spring  (d).  The  spnng  is  furnished  with  a  square  knife  (e),  which  strikes 
the  recorder  and  loaves  an  indentation  upon  it. 

If  the  two  currents  be  ruptured  simultaneously  the  indentation  is  found 
open  the  recorder  at  a  height  A,  indicating  that^since  the  chronometer 

commenced  to  fall  the  time  t  has  elapsed,    t 


-y'f 


It  is  evident  that  t  is  the  time  required  for  the  apparatus  to  operate;  it 
is  a  systematic  retardation  inherent  in  the  instrument. 

A  special  device,  called  tfa«  disjunctor,  permits  the  simultaneous  rupture 
of  the  dreuits  to  be  produced,  so  that  the  time  t  is  always  known. 

A  very  simple  device  is  resorted  to  in  order  to  render  it  constant.  If  the 
current  of  the  registrar  is  not  ruptured  until  after  that  of  the  chronometer, 
and  if  an  interval  T  has  elapeed  between  theee  ruptures,  the  time  during 
which  the  chronometer  will  fall  before  receiviiur  the  indentation  of  the 
knife  will  simply  be  augmented  by  <,  and  calling  a  the  height  of  the  inden- 
tation, we  will  have  t-jr-zz 

«  +  r-  ^^. 

Thus  the  determination  of  an  interval  7*  always  comprises  two  opera- 
tions: the  measurement  of  the  time  (<)  required  for  we  instrument  tor 
operate,  and  that  of  the  time  <  +  T.  The  difference  of  these  two  measure- 
ments gives  the  time  sought.  This  indirect  method  of  ascertaining  the 
result  is  the  eharaeteristie  feature  of  the  instrument  and  explains  its  accu- 
racy. When  the  rupture  of  the  currents  is  produced  by  the  projectile  the 
portion  (2>)  of  the  trajectory  between  the  targets  is  regarded  as  rectilinear 
and  the  mean  velocity  F  is  D 

F- 


V^|(//-*) 


With  the  time  known  that  the  projectile  takes  to  pass  between  the  two 
screens,  the  velocity  in  feet  per  second,  the  usual  mode  of  indicating,  is 
readily  obtained. 

The  arrangement  of  the  circuit  must  varv  according  to  circumstances, 
and  no  particular  system  can  be  prescribed.  The  gencunal  arrangement, 
however,  is  shown  in  the  sketch. 


Fza.  4.     Connections  of  Bouleng^  Chronograph. 
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The  Bouleng^  ohronograph  measuros  velocity  at  one  point  only,  bat  H  m 
frequently  necessary  to  measure  the  velocity  of  the  same  prqjectfls  tf 
different  points,  as  in  determining  the  laws  of  the  resistanoe  of  the  air  to  ill 
motion,  or  in  ascertaining  the  velocity  of  a  projectile  at  different  points  a 
the  bore  of  the  gun. 


Fio.  6.    Schulti  Chionoaoope. 

For  such  purposes  an  instrument  must  be  used  whieh  will  givie  a  scale  ef 
time  of  such  length  that  all  the  phenomena  may  be  registerea  upon  it. 

There  are  several  instruments  of  this  class,  of  which  the  best  mown  is  the 
Schults  chronosoope.  In  this  instrument  a  drum  (a),  one  meter  in  oireani- 
ference,  and  ooverod  with  a  coating  of  lamp-black,  is  driven  by  the  mms 
of  a  clock  movement  and  weight,  so  as  to  revolve  once  per  second  aad 
at  the  same  time  slowly  advance  longitudinally.  In  front  of  tbe  dnmi. 
mounted  on  a  support  and  actuated  by  two  magnets,  is  a  standard  tuniM- 
fork  (c),  vibrating  250  times  a  second:  on  one  link  of  this  fork  is  a  quOl  (fi) 
which  traces  a  Ime  on  the  blackened  surface  of  the  drum,  and  therefoie 
will  record  250  complete  vibrations  for  every  revolution  of  the  drum. 

A  microscope  with  micrometer  (not  shown  in  drawing)  is  also  attadaed  to 
the  support  fork;  and  each  vibration  of  the  foric,  traced  on  the  dnun  in  font 
of  a  curve,  can  be  subdivided  in  1000  parts,  thus  allowing  readings  to  be 
made  to  n<Aioo  of  one  sebond.  On  the  support  with  the  tuning-fork  is  a 
small  pointer  which  traces  a  strught  line  on  the  drum.  Tliis  pointer  has  an 
electrical  connection  with  an  accarate  chronometer  whi^  at  every  half 
second  closes  the  circuit  and  causes  the  pointer  to  make  a  siinofsion  of 
records  on  the  revolving  dnun.  These  marks  serve  as  starUng«points  to 
count  the  number  of  vibrations  of  the  tuning-fork,  and  to  ehe^  them  op 
every  half-second. 

In  order  to  measure  the  velocity  of  projectiles,  the  gun  must  be  fitted 
along  its  bore  with  special  electrical  circuit  breakers,  usually  placed  one 
foot  apart.  Each  circuit  breaker  is  so  constructed  that  the  eurrsBt  is 
interrupted  as  the  projectile  passes,  but  \b  made  agun  before  the  projeelils 
reaches  the  next  breaker  one  foot  further  on. 

These  breakers,  with  appropriate  battery,  are  all  in  one  ctreidt  with  ths 
primary  of  an  induction  coil.  One  terminal  of  the  secondary  of  the  ooil  is 
grounded  to  the  frame  of  the  chronosoope,  while  the  other  tenninal  eoa- 
•ists  of  a  fine  point  near  the  blackened  surface  of  the  drum,    Tbenfbftt 
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«-Mn  the  pcfmary  dnnut  )■  opened 
>M>n  of  the  (un,  the  ipkrk  inducBc) 

tbB  bUakened  lucl^oe.  Am  the  nei 
the  Ipwk  *c*ia  puaei  to  the  dnim. 
hnwEerBloiia  the  gun  bore.  Thua  □ 
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LA  dnun^  ieavlDs  k  dieUnet  mnrk  on 
nnniit  bniiil[*r  in  tb*  (un  ii  pMMd 
i  thLe  operation  ie  regeated  Ua  every 
he  dnuii,  ikkiDgeide  al  the  indioationa 
-lied  a  sucocseioo  of  epot*  at  certain 
elapeinc  between  any  two  of  thcag 
1  the  recoTil  which  the  tunina-fork 
the nAii part otaeeoond)  taken br 
knee  afoDs  the  atin  bkrrel  oitlBulMacL 
£3,  1900. 
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J  "iSd  C'T  witiTth^r  Miit 


in  F,  re^HtabUshiaz  the  current  in  the  nuttnet  C 


The  balanoe-wheel,  made  of  nonmasneti 
diatnAter  and  nujunted  on  the  axii  o,  whici 
bridsea  faitened  to  the  lace  plate  of  the  i 


brtdnand  axis  aa  in  ordina^  chroi 

TEenaedlc/lioompoaedof  two  perta,  naehowi: 
bronn,  la  fastened  rigidly  to  the  ails;  the  other,  b,  a  aMel  epl 
tened  at  one  end  to  a,  the  tree  end  btnuc  lioiited  in  ita  motion  bj 


I  held  by  two  ■troogly  niade 
.rutnenl.  The  pivot,  of  the 
spring  H  ia  fastened  to  the 

Fig.  8.     One  pBrt,  a.  of 
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Fin.  7.     InUrior  Bohmidt  Chronocnph. 

„ is  broken.    Thia  iiia«ii«t  ii  somewhat  luvor  tlum  tfaa  other,  nj  « 
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thioush  this  magnet,  the  amuttures  on  the  levers  are  attracted  by  the 
eore.  the  sprins  is  elongated*  and  the  pressure  of  the  pins  upon  the  balanoe- 
-wheel  is  released.  When  the  current  is  broken  the  armatures  are  released, 
and  the  tension  of  the  spring  closes  the  pins  upon  the  wheel.  To  insure 
effective  action  the  pins  are  accurately  set  and  the  rim  of  the  wheel  is 
milled. 

The  face  of  the  chronograph  is  a  graduated  dial  concentric  with  the 
balance-wheel  axis.  When  the  wheel  is  held  at  its  starting-point  the  needle 
points  at  the  sero  of  the  graduation.  The  scale  in  black  indicates  the  time 
m  thousandths  and  two-ten-thousandths  of  a  second.  Another  scale,  in  red. 
fives  the  velocity  directly  in  meters  per  second  when  the  screens  are  placed 
50  meters  i^art. 

The  dial  is  covered  with  glass  enclosed  in  the  ^circular  metal  frame  E. 
A  pin  Ot  fixed  in  the  glass,  is  used  to  set  the  needle  at  sero  by  turning  the 
frame,  to  which  is  also  fastened  the  lens  h,  to  facilitate  reading.  This  lens 
is  provided  with  two  pointers  so  placed  that  the  reading  is  always  taken  in 
the  vertical  plane. 

The  button  F  ia  for  the  purpose  of  reestablishing  the  current  through 
the  magnet  C  after  it  has  once  been  broken.  Pressing  the  button  closes 
the  circuit;  the  magnet  then  attracts  the  armatures  d,  d\  fixed  to  the  ends 
of  the  levers  K,  IP.  This  motion  of  the  levers  brings  the  small  spring  I, 
mounted  on  K\  in  contact  with  the  projection  ib,  thiis  forming  a  circuit, 
through  which  the  current  continues  to  flow  after  the  pressure  on  F  hsus 
been  released.  This  contact  is  broken  by  the  motion  of  the  lever  when  the 
current  is  interrupted  by  the  shot.  This  arrangement  prevents  the  current 
from  passing  through  the  magnet  and  releasing  the  balance-wheel  before 
the  circuit  is  closed  by  pressing  the  button  F,  even  though  the  broken  screen 
Is  repaired,  and  gives  the  operator  time  to  take  the  reading  and  prepare  for 
the  next  shot.  This  is  .especially  important  when  targets  that  close  the 
circuit  automatically  are  used. 

The  rheostats  for  regulating  the  currents  are  placed  above  the  dial,  their 
resistance  coils  being  inside  the  case.  One  binding-post  of  each  rheostat  is 
provided  with  a  circuit  closer  for  passing  the  currents  through  the  resist- 
ance coils  or  directly  into  the  rheostats, 

Tlie  Sqolre-Creliore  P1ioto-C1iroM«gnrap1i. 

This  instrument  was  designed  to  overcome  the  minute  errors  inherent  in 
other  forms  of  chronographs,  such  as  the  inertia  of  the  armature,  the  time 
required  to  magnetise  iron,  or  in  instruments  employins  a  sparking  de- 
vice, the  fact  that  successive  sparks  do  not  proceed  from  the  same  point  by 
identically  the  same  path. 

The  agents  employed  in  this  instrument  are  light  and  electricity.  Briefly 
stated,  a  ray  of  light  from  an  electric  arc  is  reflected  upon  a  revolving 
photographic  plate.  The  interposition  of  the  shadow  of  a  tuning-fork 
gives  on  the  plate  a  curve  which  is  used  as  a  scale  of  time. 

In  the  path  of  the  beam  of  white  light  is  placed  a  Niool  prism  in  order  to 
obtain  a  beam  of  plane  polarised  light.  This  prism  is  macie  of  two  crystals 
of  Iceland  spar,  which  are  oementea  together  oy  Canada  balsam  in  such  a 
way  as  to  obtain  only  a  single  beam  of  polarised  light.  The  crystal  is  a 
doubly  refracting  meaiiun;  that  is,  a  light  beam  entering  it  is  in  |;eneral 
divided  into  two  separate  beams  which  are  polarised  and  have  different 
directions.  One  of  these  beams  in  the  Niool  prism  is  disposed  of  by  total 
reflection  from  the  surface  where  the  Canada  balsam  is  located,  and  the 
other  emerges  a  completely  polarised  beam,  ready  for  use. 

A  second  Nicol  pnsm  exactly  like  the  first  is  now  placed  in  the  p>ath  of 
the  polarised  beam.  This  second  prism  is  called  the  ''analyser,"  and  is 
set  so  that  its  plane  is  just  perpendicular  to  that  of  the  first  prism,  called 
the  "polariser,^'  so  that  all  the  light  vibrations  not  sorted  out  by  the  one 
prism  will  be  by  the  second.  In  this  position,  the  planes  being  just  perpen- 
dicular to  each  other,  the  prisms  are  said  to  be  "crossed,"  and  an  observer 
looking  through  the  analyzer  finds  the  light  totally  extinguished  as  though 
a  shutter  interrupted  the  beam. 

By  turning  the  analyser  ever  so  little  from  the  crossed  position,  light 
passes  through  it,  and  its  intensity  increases  until  the  planes  of  the  prisms 
are  parallel,  when  it  again  diminishes ;  and  if  one  of  tne  prisms  is  rotated 
•hsrs  will  be  darkness  twice  every  revolution.     In  order  to  accomplish  this 
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nine  «nd  without  actually  rotating  the  analyser,  a  transparent  madna 
which  can  rotate  the  plane  of  polarisation  of  the  light  subjeoi  to  tlie  oe&- 
trol  of  an  electric  current  ia  placed  between  the  two  prisma.  Tike  dm  " 
used  is  carbon  bisulphide,  contained  in  a  glass  tube.  To  produoe  * 
netic  field  in  the  carbon  bisulphide,  a  coil  of  wire  through  ^rhu^  pas 
electric  current,  is  wound  around  the  glass  tube.  When  the  current 
the  carbon  bisulphide  instantly  loses  its  rotatory  power,  and  tisB  tayol 
light  is  free  to  pass  through  the  prisms. 

Breaks  in  the  current  are  made  in  the  same  way  as  in  otlier  baffiilic 
chronographs.  This  instrument  is  not  now  in  use,  but  the  foveaoiai 
description  is  given  as  showing  the  development  of  such  devices.  For  a 
complete  description  of  this  instrument,  with  an  account  of  ear  * 
see  Th4  Polaruting  Phota-Chronoffraph^  John  WiUy  A  3oh9,  New 
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Until  recently  the  ccuriages  for  the  larger  caliber  of  guns ^_ 

lated  only  by  band-power,  but  tests  having  demonstrated  the  utility  of 
electric  power  for  this  purpose,  such  carnages  are  now  equipped  with 
motors  for  ihe  purpose. 

In  disappearing  carriages  of  the  type  in  use  in  the  United  Statea,  tU 
operations  to  be  performed  are  those  of  elevating  and  depressing,  travecsiag,. 
and  the  retraction  of  the  gim  from  the  "in  battery  "  position  to  that  ttt^^ 
after  firing.  This  recoil  position  is  normally  obtained  by  the  diaclia 
the  gun  operating  through  recoil  cylinders  and  a  oounterwoght,  the 
being  principally  for  returning  the  gun  to  the  firing  position.  Hoi 
it  is  frequently  aesirable,  or  necessary,  to  retract  the  gun  without  firing  tks 

Eieoe,  and  for  this  purpose  wire  ropes  are  attached  to  hooka  on  the  gm 
tvers  near  the  trunnions  of  the  ^un,  the  opposite  ends  winding  on  druma. 

The  electrical  equipment  consists  of  the  following  apparatus: 

Vraveraln|r  Motor.  —  A  4  horse-power,  totally  enclosed  motor,  110 
volts,  and  having  a  speed  of  about  565  revolutions  per  minute.  Thsi 
motor  has  a  pinion  upon  its  shaft  which  engages  directly  with  a  gear  upoa 
the  traversing  crank  shaft. 

BloTattng«3Pepreastng'  and  Retraction  Motor. —  A  aii^ 
motor  is  used  for  all  of  these  operations.  It  is  rated  at  4  horse-power, 
110  volts,  and  speed  of  625  r.p.m. 

A  lever  carries  an  idler  gear  so  that  the  motor  shaft  may  be  thrown  into  laeih 
with  either  the  gear  on  the  retracting  or  that  on  the  elevating  crank  diaft. 

Both  traversing  and  elevating  motors  are  shunt  wound,  the  fidds  beiat 
energised  directly  from  the  switchboard  and  the  armatures  being  operaAea 
by  individual  controllers. 

The  two  controllers,  one  for  the  traversing  and  one  for  the  elevating- 
retracting  motor,  are  placed  side  by  side  on  a  frame  bolted  to  the  workiac 
platform  m  rear  of  the  left  standard  of  the  carriage.  Each  oontroDer  shalt 
has  a  vertical  extension  reaching  to  a  convenientheight  above  the  SHrhftisc 
platform  from  which  the  controllers  may  be  opteated  if  deaired,^o«ipE 
only  one  set  of  handles  is  provided,  to  avoid  the  posribility  of  attempts  to 
maneuver  the  carriage  from  two  different  points. 

In  the  side  and  rear  elevations  (Figs.  9  and  9a)  A  is  the  elevating  and 
depressing  hand-wheel,  B  the  retracting  hand-wheel,  with  lever  C  eairnac 
idler  gear  between  them:  D  is  the  traversing  crank  shaft,  B  controUcn. 
F  controller  extension  shafts,  O  sighting  platform,  and  u  wire  rope  for 
retracting. 

The  moton  heretofore  described  are  bolted  to  a  bed  plate  inside  the 
chassis  and  immediately  in  rear  of  the  hand  wheels. 

muacTwuLC  fusks. 

It  is  often  necessary  to  fire  at  a  distance  from  the  gun,  as  in  experinMnta 
and  for  this  purpose  the  electric  fuse  offers  the  safest,  simplest,  (dieapeet  aad 
most  effective  means  of  firing  high  explosives  or  large  chargee  of  powder,  and 
the  only  means  of  igniting  separate  charges  simultaneoualy  for  greatsr 
destructiveness,  or  a  single  charge  from  a  distant  point,  or  at  a  raqnind 
moment,  or  under  water. 
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le  Blectiio  fuM  ooaiiiU  of  about  l-incb  Isifth  of  GiM  win  of  plktiauin- 
um  allay.  0.001  to  0.003  inch  diunettir,  loEm  to  1  ohm  m insane  cold, 
d  the  brides  whieh  ii  mirauaded  by  ■  litlla  sun  ralcon;  next  to  ihiR 


d  placed  fine  gunpowder  for  i^itinc  a  powder  cha^e  c 
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Fio.  9b.    Rwr. 


A  with  nrrucBtiai  U 


boldj  firmly  in  place  tha  funA  vt 

•oldcrHl  to  the  twred  snili  of  thcluHwirei  'd.  Tbewirn.  Tuilo  frit  bar 
luTS  Dotton  ooven  loaked  in  uptult  lac  oitlinkrjt  outdoor,  *o A  ud  (n» 
parchs  covwins  for  nibautiDa  work. 
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two  parts  whioh  terew  together,  A  inch. 
35  grmuw  of  the  fulminate.    The  lb 


The  United  Statee  Navy  electric  foee  (Fup.  11)  hai  the  copper  case  in 

'  her,  A  inch.    The  upper  or  inside  part  holds 
The  lower,  open  at  both  eods,  is  filled  wiih 


Fro.  11.    A.  lower  tube;  B,  upper  tube;  Cplufp  of  sulphur  and  gUss; 
JD,  bridge  legs ;  S,  bridge ;  F\  gun  cotton ;  v,  fulminate ;  H,  fuse  wires. 

m^hur  and  glass,  which  holds  fixed  in  place  the  wire  ends  and  bridge. 
When  the  fulminate  is  dry,  the  spaces  in  both  parts  are  filled  with  dry  pul- 
verulent gun  cotton  and  the  parts  are  screwed  together. 


A  mine  is  a  charge  of  explosive  contained  in  a  case  which  is  moored  be- 
neath the  surface  of  the  water  or  buried  beneath  the  soil.  The  mines  laid 
and  operated  in  and  aroimd  seacoast  fortifications  are  for  the  most  part 
defensive  in  their  Gharacter»  fixed  in  position,  and  hiddwi. 

A  defensive  mine  is  either  self-acting,  —  a  mine  which,  once  placed,  ceases 
to  be  under  control,  and  Is  fired  by  means  within  itself,  mechanical  or  elec- 
trical,—>  or  controlled,  a  mine  fitted  with  electrical  apparatus,  which  ena- 
bles a  distant  operator  to  ascertain  its  condition,  and  to  fire  it  at  any  time ; 
it  may  also  be  fired  automatically. 

A  controlled  mine  may  be  fired  in  four  dilTerent  ways  :  (a)  by  contact  with 
the  mine  only ;  (6)  at  will  of  the  operator  only  ;  (c)  by  contact  and  will,  both 
of  which  are  necessary ;  {d)  by  observation  from  two  stations. 

A  controlled  sea  mine  may  be  either  a  buoyant  mine  whoso  case  fioats  3 
or  4  feet  beneath  the  surface,  and  contains  tioth  the  charge  and  electrical 
apparatus,  or  aground  mine.  The  latter  is  in  two  parts:  one  a  case  contain- 
ing the  charge  and  fuse,  rests  on  the  bottom ;  the  other,  containing  the  eleo- 
tnoal  apparatus,  fioats  3  or  4  feet  beneath  the  surface. 

Copper  wires  lead  to  two  or  three  Sampson-Leclanch^  cells,  which  are 
put  in  circuit  witii  the  torpedo  casemates  of  the  fortification. 
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Fig.  12.    Electrical  Land  Mine. 


The  sketch  shows  a  self-acting  electrical  land  mine,  and  is  self-explana. 
tory.  By  using  three  lead  wires  the  mine  may  be  fired  by  the  enemy's  con- 
tact with  it,  or  Dy  the  operator  at  the  station. 
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Fio.  IS.    Dltgram  ol  torpedo 
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GxBrniT  Gloseb  in  Torpedo.    (See  Fig.  18.) 

NS,  circular  permanent  magnet  with  attached  electromagnets  N  and  S. 

A,  armature  whose  adjusting  spring  near  K  holds  it  away  from  the  mag- 
net, while  a  weak  current  flows  In  through  the  electromagnet  coils  in  a 
direotion  to  assist  the  permanent  maonet.  But  if  a  stronger  current  flows, 
the  armature  is  attracted,  and  sticks  to  the  magnet,  until  a  reverse  current 
la  senMn.  The  spring  then  draws  the  armature  away,  and  breaks  the  con- 
tact oi  the  circuit  closer  K  on  W. 

B,  a  brass  ball  f  inch  diameter,  held  by  spiral  S. 

T,  a  silk  thread  running  through  the  yertioal  axis  of  the  ball  from  adjust- 
ing screw  to  the  armature.  When  the  yessel  strikes  the  mine  the  brass  ball 
b^ng  knocked  sldewlse  pulls,  by  means  of  the  string,  the  armature  against 
the  poles  where  it  sticks. 

B,  1000-ohm  resistance  coil,  which  is  cut  out  of  the  mine  circuit  by  the 
contact  of  K  on  W. 

PC.  prlming-oharge. 

'  "*•  OPSBATuro-Boz  ojr  Shore. 


'WB',  watching-battery  of  gravity  cells  and  br 
FB'.  flring-battery  of  Sampson  cells  and  brass 


brass  bar. 


i 


bar. 


P^flring-plng. 

M^',  ordinary  electro-magnet,  100  ohms.    (See  Belay  Ko.  7.) 

A^  armature  pivoted  at  the  center.    (See  Relay  No.  7.) 

fiK.  spring  holdin|[  armature  back  against  a  weak  current.    (Belay  No.  7.) 

I/,  shutter  arm  pivoted  above  its  center  of  gravity.  When  set  as  in  reuiy 
No.  1,  shutter-arm  1/  makes  electrical  connection  with  the  armature  at  N' : 
when  armature  is  attracted  It  releases  I/,  whose  lower  end  strikes  a  bell,  and 
makes  electrical  contact  with  the  flring-bar  at  B'.         ^^ 

6,  terminal  of  mine  circuit  which  may  be  plugged  to  WB^ 

a,  terminal  for  testing-set.  * 

Of  a,  two  reversing-keys. 

X  and  Y  are  two  stations,  1  to  8  miles  apart,  each  having  a  key  and  an  ob- 
server of  the  mine  fleld. 

Operation. 

The  torpedo  having  been  planted  and  connected  with  Its  relay,  whose 
•hntter-arm  1/  is  set  as  in  relay  No  1,  a  small  steady  watcbing-curreut  flows 
through  GK,  WB^  6,  M'M',  H,  N',  J^  CK,  V,  coU  8,  coil,  N,  W,  K  (1,000  ohms), 
O  to  Gr  uadn.  The  direction  of  the  current  is  such  as  to  preserve  the  mag> 
netism  of  the  magnet.  If  the  circuit  closer  is  accidentally  closed  (indicate 
by  a  change  of  the  resistance  in  the  circuit)  it  can  be  opened  by  using  the 
reverslng-kev  from  shore. 

The  fuse  F  may  be  flred  in  four  ways :  — - 

(a)  By  contact  with  the  mine  only.  Insert  firing-plug  P'.  When  a  vessel 
•triaes  a  mine  the  brass  ball  B  In  the  circuit-closer  is  thrown  aside,  closing 
K  on  W  and  thus  short  circuiting  K.  The  watcbiiig-current,  thus  made 
stronger,  flows  from  coil  N  through  K,  A,  Z,  fuse,  G„  to  G'.  Coming  from 
gravity  cells  it  cannot  flre  the  fuse,  but  is  strong  enough  to  operate  the  relay 
and  drop  I/,  which  throws  in  the  flring-battery.  A  strong  current  now  flow» 
through  Q'^  FB',  P',  B',  J',  C,  V,  coil  S,  coil  N,  W,  K,  A,  Z,  F,  Q„  to  Q^' 
again,  and  flres  the  fuse. 

(b)  At  toili  of  operator  onl^^  who  may  at  any  time  drop  the  shutter  arm  1/ 
by  hand  and  Insert  the  flnng-piug.  The  firing-current  Is  strong  enough, 
eren  through  K  in  the  torpedo,  to  close  K,  short-circuiting  B,  and  to  fire 
the  fuse. 

<e)  By  eoniact  with  the  mine  and  at  operator's  will.  Bemove  firing-plug 
P'.  The  watching-current  fiows  as  above  in  (a).  When  the  vessel  strikes 
the  mine  1/  drops,  striking  the  bell,  when  the  operator  Inserts  P',  throwing 
in  the  firing-current  which  fires  the  mine. 

(d)  Byoostrvationfrom  two  stations ;  shutter  arm  1/  set,  and  firing-plug 
V  in.  when  a  hostile  vessel  appears  over  the  mine  from  the  position  of  X 
the  observer  closes  his  key.  Y  has  like  instructions.  When  both  keys  are 
closed  the  main  part  of  the  current  from  WB'  flows  through  6^,  wB^,  6, 
M^M"^,  U,  Q',  X,  Y,  G,  to  G^  again,  drops  the  shutter-arm  and  mes  the  mine. 

For  obvious  reasons  the  forM^oing  is  not  a  description  of  the  service  cir- 
cuit closer,  but  the  principle  of  construction  and  operation  of  the  mines  of 
all  countries  are  much  alike^ 
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ground  and  praotioally  ahort-olrouited  all  the  way:  also  over  18  milee  with 
breaks  in  line  totaling  20  feet.  The  outfit  is  contained  In  a  leather  carrying 
case  10^  X  5i  X  8i  inches,  and  weighs  llpounds. 

VeleplioMe  ftwltcnboard.  —  The  Signal  Corps  also  employs  a 
portable  telephone  switchboard,  mounted  on  a  tripod  and  weighing  about  76 
pounds.  Tms  has  a  capacity  of  10  lines,  cordless  connection  ana  magneto 
call.     It  can  be  set  up  in  a  few  minutes. 

W^lre.  —  Three  different  grades  of  wire  are  used.  One  form  oonsists  of 
2  strands  of  steel  and  1  of  copper,  cotton  covered,  weighing  about  12  pounds 
to  the  mile,  carried  on  reels  of  one-half  mile.  Another  gnule  oonsistis  of  11 
strands  of  steel  and  1  of  copper,  rubber  covered  and  braided.  This  is  cai>able 
of  standing  very  rough  usage.  A  third  type  of  wire,  but  little  used  on  ac- 
count of  its  weight,  oonsists  of  19  strands  of  steel  and  one  of  copper. 

xsrs  xnuLiT'rooiiAPH. 

In  the  transmission  of  ranges  and  aximuths  from  the  observers,  where 
ereat  accuracy  is  required,  the  telautograph  is  largely  employed.  The  fol- 
towing  description  of  this  instrument  is  taken  from  "Handbook  for  the  Use 
of  Eleotricians,"  Government  Printing  Office,  1904. 

lieecrlptioii.  Principles,  and  Operation. 

Tranemitter.  —  By  means  of  two  light  rods  attached  to  the  trans- 
mitting pencil  near  its  point,  the  arbitrary  motions  of  writing  or  drawing  are 
resolved  into  simple  rotative  or  oscillatory  motions  of  two  pivoted  arms, 
located  on  either  side  of  the  writing  platen.  These  arms  are  included  in  the 
line  circuits  and  carry  at  their  extremities  small  contact  rollers  which  move 
to  and  fro  upon  two  rheostats,  or  resistance  coils,  these  being  so  connected 
through  the  arms  to  the  line  and  to  the  source  of  energy  as  to  act  both  as 
adjustable  shunts  and  as  rheostats  in  the  line  circuits.  By  this  method  the 
volta^  supplied  to  the  line  is  made  to  vary  with  the  position  of  the  pencil  upon 
its  writing  platen,  and  definitely  variable  writins  currents  are  transmitteo. 

Receiver. — The  receiver  principle  is  equally  simple.  The  variable  line 
currents  coming  in  over  the  line  wires  are  led  through  two  vertically  movable 
ooils,  each  suspended  in  a  strong  uniform  magnetic  field  by  a  well-sweep 
arrangement;  m>m  which  they  derive  the  name  of  *'  buckets." 

Each  coil  is  supplied  with  an  adjustable  retractile  spring  which  tends  to 
oppose  the  movement  of  the  coil  downward  throui;h  the  field.  It  is  evident 
that  for  given  values  of  the  line  currents  each  coil  will  have  a  definite  position 
in  its  respective  magnetic  field,  depending  upon  the  tension  of  its  retractile 
spriiijgs.  The  vertical  motions  of  these  receiver  *'  buckets,"  due  to  the  vary- 
ing bne  currents,  are  used  to  ^cause  rotative  motions  in  two  pivoted  arms, 
similar  to  those  at  the  transmitter,  which  motions,  through  another  system 
of  light  rods,  compel  the  receiving  pen  to  exactly  reproduce  the  motions  of 
the  transmitting  pencil. 

To  acoomplish  the  pen-lifting  at  the  receiver  an  automatic  device  is  used, 
consisting  of  an  induction  coil  at  the  transmitter,  having  two  secondary 
windings  and  performing  the  double  function  of  pen-lifting  and  reducing 
friction.  The  primary  circuit  of  this  coil  is  entirely  local  at  the  transmitter, 
and  include  an  interrupter  and  a  shunt  circuit  controlled  by  the  platen. 

The  vibratory  secondary  currents,  are  superimp98ed  upon  the  writing 
eurrents,  and  serve  to  keep  the  receiving  j)en  in  continual  though  impercep- 
tible vibration,  reducing  friction  in,  the  moving  parts  to  a  minimum.  The 
normal  writing  pressure  of  the  pencil  upon  the  transmitter  platen  opens  the 
riumt  droint  and  causes  an  increase  in  the  stren^gth  of  the  secondary  vibra- 
tions. This  operates  a  vibratory  relay  inserted  m  one  of  the  line  ciromts  at 
the  receiver,  opens  a  local  circuit,  and  causes  the  armature  of  the  pen-lifting 
maffDet  to  be  released  and  the  pen  is  allowed  to  rest  upon  the  paper. 

Lifting  the  transmitting  pencil  from  the  platen  decreases  the  strength 
of  the  viorations,  closes  the  local  receiver  circuit,  and  the  pen-lifting  magnet 
attraots  its  armature  and  raises  the  pen  clear  of  the  paper. 

The  shifting  of  the  paper  at  the  transmitter  is  done  mechanically  by 
means  of  the  master  switch.  The  same  motion  of  the  switch  operates  an 
electromagnetic  device  over  one  of  the  line  wires,  which  automatically  and 
poaitively  shifts  the  paper  at  the  receiver  a  corresponding  amoimt. 
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imxttflad  as  to  make  pofBot  Uimi  rosardkas  of  the  direotion  of  motion,  and 
eapabla  of  holdinii^  an  anii>le  supply  of  ink. 

The  inkinc  device  consists  of  a  bottle  or  supply  well,  with  a  hole  and 
■topper  for  refiUinc,  and  also  with  a  second  small  noie  in  the  side  of  the  well. 
This  hole  is  below  the  surface  of  the  ink,  and  the  top  of  the  well  bdng  corked 
and  airtight,  the  ink  is  prevented  from  flowing  out  by  the  pressure  of  the 
external  atmosphore. 

The  small  hole  is  located  at  the  unison  point,  and  whenever  the  paper  is 
shifted  the  pen  returns  to  this  position  ana  automatically^  dips  its  pcnnt  into 
the  ink  wluch  stands  at  the  mouth  of  the  hole.  C^pilla^  attraction  is 
sufficient  to  completely  fill  the  pen,  and,  resting  in  the  hole  as  it  does,  the 
point  does  not  clog  up  with  dry  mk  when  not  in  use,  but  is  always  ready  to 
•tart  writing  with  a  full  fresh  supply. 

ISxplMMfttlon  of  IMarnuHi.    (IPlr*  t^O 

1.  Vnuaamltter. — The  motions  of  the  transmitting  pencil  A  are  oonveyed 
through  the  pencil  arms  BB',  and  pencil  arm  levers  CC  to  contact  arms 
Diy*  which  carry  contact  rollers  EE\  these  contact  rollers  bearing  upon 
the  periphery  of  rheostats  FJF",  the  terminals  of  these  rheostats  being  con- 
nected through  master  switch  Q  to  the  j)ositive  and  negative  poles  of  a 


_  _  1  throui(h  _  _     

■witch,  when  the  master  switch  is  m  the  writing  position  as  shown.  Hie 
contact  arm  D  is  connected  to  the  left  line  throuffh  the  other  secondaryof 
the  induction  coil  /,  through  the  left  line  contacts  02  of  master  switch.  The 
writing  platen  /  is  pivoted  at  KK\  and  when  pencil  is  off  the  platen  closes 
upper  oontacts  U/,  shunting  resistance  {  around  the  primary  winding  of 
induction  coil  /.  The  vibrator  Af  is  in  drcuit  with  the  primary  of  indue- 
tion  coil  /  and  battery  H,  and  rapidly  vilxutes,  the  current  passing  through 
the  primary  of  the  ixiduction  coil,  thus  causing  a  vibratory  current  to  trav- 
erse the  right  and  left  line  wires,  the  strength  of  this  vibratory  current 
depending  upon  the  position  of  the  platen  /;when  this  platen  is  depressed 
by  the  penal  in  the  act  of  writing  the  shunt  around  the  primary  ofinduo- 
tion  cou  /  is  open,  consequently  the  strength  of  the  vibratory  currents  on 
line  is  increased;  this  increased  strength  of  vibration  actuates  the jpen-Ufting 
relay  m  (in  reeeiv«^.  The  paper  at  the  transmitter  is  shifted  by  moving 
the  handle  iV  of  lever  O,  which  is  connected  to  shaft  P,  which  carries  the  pawl 
<2,  engaging  the  ratchet  wheel  £,  mounted  on  shaft  of  paper-shifter  roller  ^S. 
Each  movement  of  this  handle  iV  to  and  fro  causes  the  roller  S  to  rotate, 
whidi  moves  the  paper  forward.  The  shaft  F  also  carries  masteinrwitch 
oontaot  plates  <?,  Gl,  Q%  which  open  and  dose  the  line  and  battery  circuits, 
according  to  the  position  of  handle  N\  circuits  being  closed  and  instrument 
in  sending  position  when  handle  iV  rests  in  position  shown  by  arrow.  The 
o'  the  handle  N  in  the  opposite  direction  cuts  the  instrument  out 


o'  the  handle  iv  in  the  opposite 
of  eireuit.  The  handle  is  locked  in  either  position  by  lever  P,  and  cannot 
be  released  except  by  pressing  point  of  pencil  A  on  button  T. ,  A  signal- 
switch  push  button  is  shown  at  tj\  this  switch  when  operated  throws  current 
of  positive  polarity  through  right  line,  which  rings  receiver  bell,  tc,  as  here- 
after desorioed. 

2.  RecetTor.  —  The  motions  of  receiver  pen  a  are  caused  to  duplicate 
the  motions  of  transmitting  pencil  A  through  the  pen  arms  W.  pen-arm  levers 
ec',  which  are  mounted  on  shafts  carryiiig  sectors  dd\    Light  metal  bands 

eoUs  ,  ,      , 

The  coils  ff' are  movable  in  the  annular  spaces 

nets  h  and  \  and  h*  and  i'.  Coil  /  is  in  circuit  with  Morse  relay  i  and  the  Mt 
line,  and  ooil  f  is  in  eireuit  with  pen-lifting  relay  m  and  the  right  line.  As 
the  transmitting  pencil  is  moved  its  motions  are  transmitted  to  contact 
roDera  MW^  the  strength  of  current  on  Une  is  varied,  the  currents  becoming 
ttronger  as  the  rollers  approaeh  the  positive  ends  of  the  rheostats  FF*,  these 
currents  traversing  Une  and  passing  through  ooik  ff ,  causing  them  to  take 
different  positions  in  the  magnetic  fields,  opposing  the  puUs  of  the  springs 
M^,  these  springs  being  so  adjusted  that  the  position  of  the  receiving  pen  m 
the  writing  field  will  always  be  the  same  as  the  position  of  the  transmitUng 
pencil  on  Its  writing  platen. 


{ 
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5.  The  siffnal  bell  u.  which  is  of  low  resisUinoe.  is  thrown  in  parallel  with 
the  right-Une  coil,  qr  '*  bucket "  f,  when  no  current  ia  paasing  through  the 
paper-shifter,  consequently  when  signaling  current  passes  over  right  line 
the  bulk  of  the  current  paa^es  through  the  oell,  rather  than  through  coil  f . 

0.  The  ink  well  (anorainary  glass  bottle)  is  shown  at  p,  the  reoeiver  pen  a 
entering  the  opening  p'  and  receiving  a  fresh  suppljr  of  ink  every  time  the 
paper  is  shifted,  the  i>en  resting  in  this  ox>ening  and  in  contact  with  the  ink 
when  the  instrument  is  not  in  use. 


The  instruments  are  furnished  with  a  suitable  backboard,  the  connections 
being  made  between  the  instruments  and  the  circuits  on  the  backboard  by 
automatic  contact  pins,  so  that  the  instruments  can  be  put  on  and  taken 
off  readily.  The  terminals  on  the  backboard  for  connecting  to  line  and 
battery  are  plainly  marked  so  that  the  propo-  connections  may  be  easily 
made. 

Op«  ration. 

1.  Vo  nrrlte.  —  Depress  button  with  pencil  point  and  pull  lever  towards 
you  a  full  stroke;  release  button  with  lever  in  this  position,  and  write  with 
firm  pressure  on  ptaper. 

2.  Vo  ahift  pMp«r.  —  Depress  button,  holding  it  down  until  you  have 
moved  lever  back  and  forth  its  full  stroke  as  many  times  as  you  wish  to 
shift  P|U>er,  then  release  button  with  lever  in  position  towards  you. 

3.  Vo  IWBflr  MP*  —  Depress  button,  allowing  lever  to  rest  m  position 
away  from  you.     Always,  after  writing,  leave  the  lever  ifl  position  from  you. 

Gar«  of  Maatrmaioiita. 

The  care  nf  the  instruments  consists  mainly  in  keeping  the  ink  bottles 
properly  filled  with  the  ink  which  is  supplied  for  that  piupose,  the  occasional 
cleaning  of  the  pen  points,  and  the  insertion  of  fresh  rolls  of  paper  which  is 
•upirtiea  for  that  purpose. 


The  wireless  telegraph  outfits  used  in  the  Armv  have  been  developed  by 
the  Signal  Corps,  and  embody  some  of  the  beet  features  of  other  systems. 
One  otthe  most  efifective  outfits  is  that  desinied  to  be  carried  on  pack  mules. 
For  this  purpose  it  is  divided  into  three  loads,  each  weighing  approximately 
150  pounds,  the  transmitting  and  receiving  apparatus,  the  batteries,  and  the 
poles  for  atrial  wires. 

The  transmitting  and  receiving  apparatus  is  contained  in  a  leatheroid  trunk 
30  X  17  X  14  inches  inside  measurement.  Fig.  17  shows  the  wiring  arrange- 
ment. Current  is  furnished  from  storage  batteries  or  by  hand  generator. 
The  storage  battery  consists  of  8  cells  of  about  50  amp.-hour  capacity.  The 
ratio  of  the  induction  coil  is  about  1  to  200.  About  16  volts  are  required  in 
the  j;>rimary.  The  key  is  an  ordinary  open  circuit  key  with  extra  large 
platinum  contact  points.  A  special  double  head  telephone  receiver  is  used. 
Two  types  of  detectors  are  employed,  electrolytic  and  silicon.  The  electro- 
lytio  detector  is  similar  to  that  used  commercially,  but  differs  in  design  • 
The  silicon  detector  is  that  invented  by  G.  W.  Pickard  in  which  the  action 
is  thermo-electric,  and  is  in  form  of  a  brass  contact  resting  on  the  silicon 
crystal,  which  is  embedded  in  a  brass  cup. 

Th*  u^n  wires  are  supported  on  a  jointed  pole  60  feet  in  height.  The 
pole  18  hollow  and  is  made  of  spruce  in  9  sections.  6  feet  8  inches  long  and  2^ 
mches  m  diameter.  The  atrial  consists  of  6  umbrella  wires,  85  feet  long,  ana 
6  counterpoise  wiresL  75  feet  long.  The  counterpoise  is  used  in  preference  to 
ground.  The  atrial  wires  are  formed  of  42  strands  of  No.  33  phosphor 
bronie  twisted  around  a  hemp  center.  They  have  a  tensile  strength  dt  300 
pounds  and  wei^  about  7  pounds  per  thousand  feet. 

'^th  a  similar  station  receiving,  this  outfit  has  been  suooessf ully  operated 
over  a  distance  of  27  miles. 

IQtes  are  sometimes  used  for  supporting  the  aflrial  wires,  and  with  the 
heifl^t  thus  obtainable  messages  have  been  received  over  600  miles. 

Small  wireless  telegraph  outfits  have  been  made,  weighing  approximately 
40  pounds,  capable  of  covering  3  or  4  miles. 


Fm.  17.     Field  Wirelw  Uet-Puk.    Trank  Typ«,  Wi 
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oMo  bnka  S5,  Mrin  fieUa  OL. 
ta  bdd  don  tnr  [7- 
"*  '--" -rtafUc 


ly  one  of  the  toi  pointi 

throuffli  the  electromaff- 

le  oontart  piece  6,  when  the  Ietbt  V 

lit  IB  dosed  from  b  thmuah  d,  V,  W, 


( 


Ak  (or dirMtafUrtha  motor  haiattaiuHl  full  speKl). 
S.  TTio  main  oirouit  l«  broken  either  when  the  levo 
/  taUae  the  spark),  ot  vfaan  ^  is  mnved  to  the  left  in  aim  i  Laxuig  lqb 
tpnk),  Iab  faTW  V,  when  released  by  UL.  is  aarrled  ta  the  rliht  by  the 
wpiiof  at  Ha  udi  untD  It  itrikee  W.  The  rheostat  may  be  dacl^neil  tor 
nnmoic  tba  motor  oontinunusly  at  diCtereiit  speeda,  or  u  a  itartinc  box 
Dot  to  Da  Id  the  dnnit  longer  thiin  thirty  seconds. 

4.  5  ia  a  b«by  ewltch  held  open  by  a  spring.  Its  objeot  ia  to  close,  ft 
dedred,  the  VL  magnet  oirmiil  when  open  at  S  or  y. 

5.  A  and  A  an  tha  derioea  for  automatically  breaking  the  eiren it  through 
UL,  and  thos  the  mala  ciniait  when  ibe  platform  aseendiac  s<rili»  the  liia 
A  iriiich  is  adliatabla  oo  the  bar  shdios  in  cuide*  K     On  the  lower  end  of 
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this  bar  an  insulate  copper  wedce  makes,  when  down,  contact  bat^gen  t«? 
copper  terminals  at  E  or  F,  and  breaks  it  when  up,  thus  makin^^  or  breakjai 
the  circuit  through  UL,  E  and  F  are  alike  and  adjustable  vorticaQ^I 
inches. 

6.  The  right-hand  platform  is  at  its  upper  level,  the  left-hand  is  at  iu 
lower:  the  circuit  through  armature  M  has  been  broken  and  V  is  up  aeaiaK 
W,  if  now  we  try  to  start  the  motor  without  reversing  RS.  the  cireaii 
through  M  will  still  be  open  at  E.  But  throw  RS  down  aoa  the  cireeit 
throufdi  UL  will  be  closed  at  F.  and  the  left-hand  platform  can  be  rsisBd. 

7.  To  start  the  motor  at  all,  W  must  always  be  brought  up  to  the  iA. 
pushing  V  before  it  until  held  by  the  underload  magnet  UL^  then  W  naF 
De  moved  to  the  right,  closing  the  circuit  first  through  Rh  and  at  bust  wick- 
out  it. 

8.  When  the  left-hand  platform,  on  nearly  reaching  Its  upper  level 
ens  F,  the  main  circuit  will  be  opened  at  6  an<r  t 


engages  g  and  opens  Ft  the  main  circuit  will  be  opened  at  6  and  the 
wiU  stop. 

9.  If  it  is  necessary  to  move  the  platform  farther  up  after  the  cinad 
has  been  broken  at  E  or  F,  the  switch  S  may  be  closed  and  the  platJora 
may  then  be  moved  by  the  motor.  So  long  as  5  is  closed  V  will  not  be 
released  except  for  no  voltage  or  overload. 

10.  The  motor  may  be  slowed  down  or  even  stopped  by  moving  W  to 
the  leftjprovided  Rh  is  large  enough  to  carry  the  current. 

11.  The  electromagnetic  brake  on  the  gear  wheel  next  the  motor  araa- 
ture  automatioftll:^  ^unps  it  whenever  the  main  current  rmuxn  and  tl« 
motor  stops.     It  gives  a  quick  stop  for  heavy  or  light  k>ads. 

12.  If  the  electric  machinery  is  disabled  the  motor  is  quickly  thrown  oak 
and  the  platform  can  stiU  be  raised  by  a  crank  handle  and  gearii^. 


Electric  night  sights  for  rapid  fire  guns  consist  of  a  fitting  and  sten 
which  can  be  inserted  in  the  front  sight  bracket  in  place  of  the  bead  ai^ 
used  in  daylight.  This  fitting  receives  an  encased  white  electric  l^lit 
which  illuminates  a  glass  cone  set  under  a  pierced  c^,  so  that  the  point  of 
the  cone  only  is  visible  as  a  b€»d  to  be  used  in  aiming.  The  light  proper 
is  shipped  into  a  holder  and  down  over  two  plugpins  to  the  other  end  of 
which  the  cable  wires  are  soldered  (Fig.  19>.    Toe  rear  edge  of  the  rear 


W/g ■«•  OOWER  WmU-.MO  IN.  OM* 

^SOrrRUBBCR  INSULATION 


"MMDCD  OOTTON 
tCNOTH  or  CABCE-  »,ntT 

Fni.  19.    Front  Mectrio  light  and  Plug  Oonneetiooa. 


aight  ring  is  grooved  and  the  groove  baked  full  of  scarlet  enamel,  which  ii 
illuminated  by  an  encased  red  electric  light,  fitted  similarly  to  the  frool 
light.  Power  is  obtained  from  a  battery  consisting  of  ten  O.K.  dry  ceUa. 
No.  4,  If  by  2k  by  5|  inches  high.  Four  cells  are  connected  in  series  tbromEh 
a  rheostat  to  each  lamp,  a  fifth  cell  in  each  case  being  held  in  lesei  ve  to  pat 
into  the  circuit  when  the  four  cells  fail  to  |;ive  proper  light. 

For  use  at  night,  range  finders  are  equippeci  with  lights  for  ilhunittaiioK 
the  cross-wires  of  the  instrument.  The  illuminating  device  consists  of  t«o 
small  electric  lamps  in  sockets  attached  to  the  rear,  or  eye-piece,  end  ot  tin 
telescope,  the  beam  of  light  from  each  lamp  being  reflected  on  the  cto«- 
wires  by  two  small  mica  mirrors.  The  lamps  are  approximately  ^  e.]jk, 
and  4  volts.  Power  is  obtained  from  the  main  lightmg  circuita  tlwoivb 
suitable  resistance. 
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eight  »lla  in 


WMmma  mechamism  tor  hapid  vkhb  oiths. 

-    ---'   -jQBimine  oi  eunt  »IM  id  tairm.     lame  batteri 

he  o(h«T  should 
bruket.  bolted 
ilarly  arried  for 

,    _. __ .  1  on  ths  left  is 

onmurily  lued  lo  firs  the  piece  thraimh  the  pistol  commctioa,  while  the 
one  on  the  right  l»  used  with  the  alternative  firiaa  liey. 

One  term  ioal  of  each  battery  ia  attached  by  a  short  cable  to  the  fraioe  of 
Ihe  eanlac*  aa  an  earth  MuuwctioD.     The  other  terminal  of  the  battery  on 


h  battery  is  stowed  It 


the  left  side  of  the  frame  is  cunnectHl  by  a  cable  4  feet  Ions  with  the  fr 
Iilppleunderthepletal(fiEB.21and22).  When  the  triueTis  pulled  the 
ouit  is  Dorapleted to  the  rear  nipple,  fromiihicha  cableTfi  feet  5  incbulc 
paseinK  uaacr  the  osdle  and  through  a  twined  hook  to  the  right  i 
eonuecta.with  the  contact  surface  plu«.     This  is  bracketed  to  the  cradli 

eoDtaot  pin.  preaaed  out  by 
and  movinc  with  the  recoil 
face  of  the  plus  before  meD 


1^  a 


:he(l  U 


pin  at  the  hiDie  i 


if  the ) 


:t-pin  plUR  the  firing-pin  cable  extends  through  a  locking 

' '  ~  '   eech  mechanisRi  to  the  firing  pin.  Ihe  hut  10  inchca 

ection  (Fig.  22).     To  ena^e  the  cannoneer  who 

«  complete,  a  busier  is  incased  with  the  pistoL 
le  buttoo  over  the  trigger  is  pressed  b^  the  thumb 
rough  a  reeistance  coiliwhit^h  permits  just  enough 
the  bmier.  but  not  enough  to  explode  the  primer, 
.  only.     The  ear  moM  be  held  oloM  to  the  buuar 
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ia  puOad.BdinetclrauIt  la  oompMad, 


1*  bMUri'  to  pCM  throuih  Ih*  priDWr,  thu* 


todetcotthsnund.  Wbati  tba  triner 
pSTDiittLu  the  full  oumnt  (rom  th«  bl 

Id  caav  tbe  piitol  or  its  ooiuiecticiiia  bBODim  ■hort  einniitcd»  or  tlw  invulfr- 
thm  failB.  tha  <mbU  cwi  b«  qUtoUy  dinonnaotad  Irom  tba  bftUor  and  firids 


to  tad  tbepiatol  llftad  oM  of  lU  nlot. 
iaoonaeoted  by  withdntwinc  th«  IdcIlie 
luda  in  the  mnUct-pluc  blook,  after  w1 
«  appliad  or  the  ^tenuti"  '-- 


Tlw  mrface-ooDtaet  plun  an  tbi 


Allanwtive  Firiag  Kay  ■■ 


«  firina  luy  and  cabls  about 
_  nioh  that  the  key  may  be  tak 

and  uaed  by  the  cannoDear  who  u  aimi: 
The  alternative  key  (Fie.  23)  ooruiit 
cable  end  ia  coupled  faat.     The  cable  m 
planctr  whidi  ia  bald  out  by  *  coiled  i 


11.6  feet  loni-    .The 


lanirth  of  thne 
lothe  left  side 
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with  the  thumb  oo  the  plaac«r  eodL  the  able  ends  may  be  p 


pieo^  >  apllt  key  is  wind  to  thii  Brine  key  I 
of  thje  plmwer,  and  thia  in  kept  pushed  uihI< 
piece  is  about  to  be  find.  fign.  21  ud  22  i 
night  nsbta  and  fiting  -- — -• '  ■"-  ■■•  --- 


ELECTRICITY  IN  THE  UNITED  STATES 

NAVY. 

Rbyised  by  J.  J.  Grain. 

At  the  present  time  (January,  1906)  the  standard  practice  on  Bhips  of  the 
United  States  Navy  is  to  use  direct  current,  at  l'i5  Tolts,  distributed  on 
the  two-vire  system^  Previous  to  1901!  the  standard  was  80  yolts,  conse- 
quently many  vessels  have  apparatus  of  that  voltage. 

A  ship's  installation  is  conveniently  divided  into  dynamo  room,  lighting 
system,  power  system,  and  Interior  communication  system.  The  wiring  of 
each  system  is  kept  entirelv  separate  from  the  other. 

The  dynamo  room  contains  the  generating  sets,  main  switchboard,  and 
sometimes  condensers  for  the  engines. 

The  lighting  system  supplies  all  ship's  lights,  searohliffhts,  and  signal 
lights.  These  are  installed  in  two  fieparate  systems  called  "Battle  Service  " 
and  "  Lighting  Service."  Battle  service  comprises  all  lights  necessary  dur^ 
*ng  action,  and  these  lights  are  arranged  so  as  to  be  invbible  to  the  enemy, 
^ghting  service  comprises  the  additional  lights  necessary  for  ordinary  hab- 
itation. 

The  power  system  supplies  the  various  electric  auxiliary  machinery  which 
at  present  consists  of  au  ammunition  hoists,  turret  turning  gear,  elevating 
ana  ramming  gear  for  the  larger  guns,  boat  cranes,  deck  winches,  ventilat- 
ing fans,  water-tight  doors,  and  motors  for  driving  line  shafting  in  laundry 
and  engineer's  workshop.  Anchor  handling  gear  and  steering  gear  are  at 
present  always  steam  driven,  but  electric  devices  are  being  experimented 
witb.  The  auxiliaries  in  the  engine  and  boiler  rooms,  consisting  of  numer- 
ous pumps  and  the  forced  draft  fans,  are  all  steam  driven,  except  in  a  few 
veenels  not  yet  flnished  where  electric  forced  draft  fans  are  being  installed. 

The  interior  communication  system  consists  of  various  devices  for  trans- 
mitting signals  and  orders  from  one  part  of  the  ship  to  another.  Most  of 
these  are  electric,  but  in  some  cases  they  are  paralleled  by  mechanical 
eqaivalents,  as,  for  example,  voice  tubes  paralleling  telephones. 

]»YIf  AMO  ROOM. 

The  generatinff  plant  is  located  in  a  compartment  called  the  "  Dynamo 
Room,'^  which  u  under  the  protective  deck  and  adjacent  to  the  boiler 
rooms  (when  practicable),  so  as  to  secure  a  direct  lead  of  steam  pipes. 

AKlVBliATIMCHiET/i. 

The  following  are  the  principal  requirements  contained  in  the  standard 
speoiflcatlons  for  reciprocating  generating-sets : 

CFeneral  JRequlrementn. 

Eaoh  set  to  consist  of  an  electric  generator  direct-coupled  to  a  steam 
engine,  both  mounted  on  a  common  bedplate. 

^e  sets  as  a  whole  shall  be  as  compact  and  light  as  is  consistent  with  a 
due  regard  to  strength,  durability,  and  efficiency.  Tho  standard  nizee,  with 
their  corresponding  maximum  allowable  speeds,  weights,  and  over-all  di- 
mensions are : 


Size  in 

Revolutions 

Weight  in 

Length  in 

Width  in 

Heiffht  in 
iaciies. 

kilowatts. 

per  minute. 

pounds. 

Inches. 

inches. 

2.5 

800 

560 

32 

20 

30 

6 

760 

1,300 

60 

28 

40 

8 

650 

2,600 

64 

34 

60 

16 

460 

5,600 

78 

40 

60 

24 

400 

7,300 

88 

48 

68 

92 

400 

10,000 

101 

52 

78 

60 

400 

16,000 

110 

60 

85 

100 

860 

22.000 

125 

70 

96 

( 
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constAnt  ateam  pressure  20  per  cent  below  normal,  exhaiutin  botli 

be  either  into  condenser  or  atmosphere.    No  adjustment  of  the  g^.^ 

or  throttle  valve  during  the  test  snail  be  necessary  to  iiisure  prooet  va- 
formanoe  under  any  of  the  above  conditions. 

The  enffine  column  to  be  designed  to  enclose  all  moving  parts  ma  farm 
practicable,  or  where  weight  may  be  saved,  by  using  a  wroi]gLt-«teel  iimst 
with  an  enveloping  enclosure  of  nietaL  Detachable  hlngeddoon  to  bees*- 
vided  for  examining  moving  parts  while  in  operation.  The  dealcm  toJm- 
inate  all  chance  of  oil  or  water  leaking  or  being  forced  through. 

Stuffing  boxes  for  piston  rods  to  be  slightly  longer  than  lenfftli  of  strekt, 
in  order  that  no  part  of  the  rod  exposed  to  the  oil  In  the  enclosure  will  wMr 
the  cylinder.  Stuffing  boxes  for  piston  rods  and  valve  rods  to  be  a«eetiihk 
from  the  outside  of  the  enclosing  case  of  the  engine. 

A  guard  plate  to  be  provided  to  prevent  oil  from  being  thrown  acsiMt 
the  lower  cylinder  heaos  and  valve  chests. 

Engines  are  required  to  operate  satisfactorily  without  the  use  of  latei- 
cants  in  the  steam  spaces.  The  lubrication  for  all  other  working  surfactf 
shall  be  of  the  most  complete  character.  No  part  shall  depend  on  sovirt- 
can  lubrication. 

Forced  lubrication  shall  be  used  wherever  practicable,  which  inelvdo 
engine  shaft,  crank  pins,  crosshead  bearings,  eccentric,  etc.  The  engia* 
shall  be  capable  of  satisfactory  operation  with  a  low  grade  of  lubricaxibs 
oil,  and  the  forced  lubrication  shall  not  be  a  necessary  »ctor  in  its  cooluS 
satisfactory  running.  The  intent  of  the  forced  lubrioatlou  Is  to  ledaee 
friction,  noise,  and  attention  required. 

The  pressure  for  such  forced  lubrication  shall  be  approximately  15  pooadi 
per  square  inch,  and  shall  be  between  10  and  70  pounds  under  all  Serrioi 
conditions. 

The  bedplate  is  to  contain  a  reservoir  and  cooling  chamber  of  ample  «»• 
pacity,  to  be  provided  with  a  strainer  which  may  be  removed  withont  inso' 
rupting  the  oil  supply.  The  pump  to  be  direct  driven  by  a  crank  or  eceoivk 
on  the  engine  shaft,  construction  to  be  simple  and  durable,  and  to  inclvda 
a  proper  guide  or  support  for  the  plunger  rod.  The  pump  to  handle  clett 
oil  only,  not  drawing  from  the  top  or  bottom  of  reservoir. 

To  allow  inspection  while  running,  the  engine  crank  is  not  to  dtp  in  oilii 
reservoir. 

Flv  wheel  to  be  turned  on  face  and  sides,  inner  edge  to  be  flanged  to 
retain  any  oil  which  may  drip  thereon.  Hub  to  be  split  and  clamped  to 
shaft  bv  through  bolts.  A  steel  stai*ting  bar  or  its  equivalent  to  befsr> 
nished  in  sizes  of  16  K.  W.  and  over,  the  fly-wheel  surface  to  have  not  IcH 
than  six  holes  for  starting  bar. 

Mandrels,  with  collars,  complete,  shall  be  furnished  for  renewioff  vkics 
metal  of  all  bearings  so  fitted.  * 


AElVERATOIft. 

To  be  of  the  direct-current,  multipolar  type,  oompound-wonnd  jdiv 
shunt  connection,  designed  to  run  at  constant  speed  and  to  fom^s 
pressure  of  125  volts  at  the  terminals,  at  rated  speed  with  load  varvtaa 
between  no  load  and  one  and  one-third  times  rated  load. 

The  magnet  yoke  or  frame  to  be  circular  in  form,  to  have  inwardlv  im- 
jecting  pole  pieces,  and  to  be  divided  in  half  horizontally,  in  all  genenua 
above  5  K.  W.  capacity,  the  two  halves  being  secured  with  bolts  to  allov 
the  upper  half  with  its  pole  pieces  and  coils  to  be  lifted  to  provide  for  in- 
spection or  removal  of  armature.  Pole  pieces  to  be  bolted  to  frame,  bolti 
to  be  accessible  in  assembled  machine  to  enable  removal  of  field  coils  with- 
out disturbing  armature  or  frame.  Magnet  frame  to  be  provided  with,  two 
feet  of  ample  size  to  insure  a  firm  footing  on  the  foundation. 

Facilities  for  vertical  adjustment  of  frame  to  be  provided  in  «!«»■  at 
18  K.  W.  and  above.  ^^ 

Armature  spider  to  be  designed  to  avoid  shrinkage  strains.  To  bs 
accurately  fitted  and  keyed  to  shaft  and  to  have  ample  bearias  snrfaes 
thereon.  • 


Mt  qaaXitx 
periph«j 
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of  laminattosB  to  receiye  armature  windings.  Disks  to  be  magnetically 
insulated  from  one  another,  and  secnrely  keyed  to  spider  or  held  in  some 
other  suitable  manner  to  obriate  all  liabilltv  of  displacement  due  to  mag- 
netic drag,  etc.  Space  blocks  to  be  inserted  between  laminations  at  certain 
Interrala  to  proyide  yentilatlne  ducts  for  cooling  the  core  and  windings. 

Laminations  to  be  set  up  under  pressure  and  held  securely  by  end  flanges. 
Bolts  holding  these  end  flanges  must  not  pass  throush  lammations. 

The  commutator  bars  or  segments  to  be  supportea  on  a  shell,  which  must 
be  either  part  of  or  directly  attached  to  the  spider,  to  prevent  any  relatire 
motion  between  the  windings  and  these  sM^ents.  Bars  to  be  of  hard 
drawn  copper  flnished  accurately  to  gauge.  Insulation  between  bars  to  be 
of  carefully  selected  mica  and  not  less  than  0.03  inch  thick,  and  of  uni- 
form thickness  throughout. 

Bars  to  line  with  shaft  and  run  true,  to  be  securely  clamped  by  means  of 
bolts  and  clamping  rings.  Bolts  to  be  accessible  for  tightening  and  remoT- 
able  for  repair. 

Brushes  to  be  of  carbon.  In  sizes  oyer  5  K.  W.  there  shall  be  not  less 
than  two  brushes  per  stud,  each  brush  to  be  Bepariitely  remoyable  and 
adjustable  without  interfering  with  any  of  the  others.  The  point  of  con* 
tact  on  the  commutator  shall  not  shift  by  the  wearing  away  of  the  brush. 

Brush  holders  to  be  staggered  in  order  to  even  the  wear  over  *entire 
■orface  of  commutator ;  the  generator  to  be  provided  with  some  device  for 
abifting  all  the  holders  simultaneously.  All  insulating  washers  and 
brushes  to  be  damp  proof  and  unaffected  oy  temperature  up  to  100°  C. 

Finished  armature  to  be  true  and  balanced  both  electrically  and  mechan- 
ically, that  it  may  rim  smoothly  and  without  vibration.  The  shaft  to  be 
groviaed  with  suitable  means  to  prevent  oil  from  bearings  working  along 
>  armature. 

All  copper  wire  to  have  a  conductivity  of  not  less  than  98  per  cent. 

The  shunt  and  series  fleld  colls  to  be  separately  wound  and  separately 
mounted  on  the  pole  pieces.  The  shunt  and  series  coils,  respectively,  of 
any  one  set  to  oe  identical  in  construction  and  dimensions  and  to  be 
readily  removable  from  the  pole  pieces.  The  shunt  coils  as  well  as  the 
series  coils  are  to  be  connected  in  series. 

In  sizes  of  15  K.  W.  and  above  a  headboard  is  to  be  mounted  on  the 
generator  containing  the  necessary  terminals  for  main  switchboard  and 
equaliser  connections,  shunt  and  series  fleld  connections,  pilot  lamp,  and,  if 
specified,  an  approved  type  of  double-pole  circuit  breaker  whose  range  of 
adjustment  shaU  cover  from  100  to  140  per  cent  of  rated  full-load  current  of 
the  generator.    Field  current  not  to  be  broken  by  the  circuit  breaker. 

The  fleld  rheostat  to  be  of  fireproof  construction  suitable  for  mounting 
on  back  of  switchboard,  with  handle  or  wheel  projecting  through  to  front, 
either  directly  connected  or  by  sprocket  chain,  handle  to  De  marked  indicat- 
ing direction  of  rotation  for  raising  and  for  lowering  voltage  of  generator. 
The  total  range  of  adiustment  to  oe  from  10  per  cent  above  to  W  per  cent 
below  rated  voltage,  the  variation  to  be  not  more  than  one-half  volt  per 
step  at  both  full  load  and  half  load. 

The  compounding  to  be  such  that  with  engine  working  within  specified 
limits,  field  rheostat  and  brushes  in  a  fixed  position,  and  starting  with 
normal  voltage  at  no  load  or  at  full  load,  if  the  current  be  varied  step  by 
step  for  nb  load  to  full  load  or  from  full  load  to  no  load,  and  back  again,  the 
variation  from  normal  voltage  shall  at  no  point  be  in  excess  of  2  per  cent. 

The  dielectric  strength  or  resistance  to  rupture  shall  be  determined  by  a 
continued  application  of  an  alternating  E.M.F.  for  one  minute. 

The  testing  voltage  for  sets  under  16  K.  W.  shall  be  1,000  volts  and  for 
sets  of  16  K.  W.  and  above  shall  be  1,600  volts,  and  the  source  of  the  alter- 
nating E.M.F.  shall  be  a  transformer  of  at  least  6  K.  W.  capacity  for  sets 
of  60  K.  W.  and  under,  and  of  at  least  10  K.  W.  capacity  for  sets  of  greater 
output  than  60  K.  W. 

llie  test  for  dielectric  strength  shall  be  made  with  the  completely  as- 
sembled apparatus  and  not  with  its  individual  parts,  and  the  voltage  shall 
be  applied  between  the  electric  circuits  and  surrounding  conducting 
material. 

The  tests  shall  be  made  with  a  sine  wave  of  E.M.F.,  or  where  this  is  not 
available,  at  a  voltage  giving  the  same  striking  distance  between  needle 

eints  in  air,  as  a  sine  wave  of  the  specified  E.M.F.    As  needles,  new  sew- 
I  needles  ^lall  be  used.    During  the  test  the  apparatus  being  tested  shall 
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b«  shunted  by  a  spark  gap  of  needle  points  set  for  a  roltage  ninniHim  ^ 
required  Toltage  By  10  per  cent. 

with  brushes  in  a  fixed  position  there  shall  be  no  sparking  when  loadii 
gradually  Increased  or  decreased  between  no  load  and  full  load ;  no  dscri* 


mental  sparking  when  load  is  yaried  up  to  one  and  one-third  tin&« 

no  flashing  when  one  and  one-third  load  is  removed  or  applied  in  one 

The  Jump  in  roltage  must  not  exceed  16  per  cent  when  full  load  is  sai- 
denly  thrown  on  and  oflf. 

The  temperature  rise  of  tiie  set  after  running  oontinnoualy  mder  fd 
rated  load  for  four  hours  must  not  exceed  the  following : 


Armature .    . 
Commutator 
Field  coils     . 
Shunt  rheostat 
Series  shunt .    , 


Method  of  measure- 
ment. 


Electrical  .  . 
Thermometer . 
Electrical  .  . 
Electrical  .  . 
Thermometer . 


aUowable 
ln<»C. 


S3| 
40 

75 
40 


The  rise  of  temperature  to  be  referred  to  a  standard  room  temperature  ol 
76^  G,  and  normal  conditions  of  ventilation.  Boom  temperature  to  bt 
measured  by  a  thermometer  placed  3  feet  from  commutator  end  of  the  gsa- 
erator  with  its  bulb  in  line  with  the  center  of  the  shaft. 

The  generator  to  be  capable  of  satisfactory  operation  for  a  period  of  tvo 
hours  carrying  one  and  one-third  times  its  rated  full  load,  and  no  part  shsQ 
heat  to  such  a  degree  as  to  injure  the  insulation. 

Generators  of  the  same  size  and  manufacture  to  be  capable  of  mvnUem 
in  parallel,  the  division  of  the  load  to  be  within  20  per  cent  througnoat  the 
range.  The  magnetic  leakage  at  full  load  shall  be  imperceptible  at  a  bor- 
Izontal  distance  of  15  feet,  measurements  to  be  taken  witn  a  horlaonttl 
force  instrument. 

The  minimum  allowable  efficiencies  of  the  generators  are  as  followa : 


Loads. 

K.W. 

U 

1 

f 

i 

Percent. 

Per  cent. 

Per  cent. 

PercemL 

2.6 

78 

78 

78 

73 

6 

80 

80 

78 

75 

8 

84 

84 

83 

80 

16 

87 

87 

86 

84 

M 

88 

88 

87 

85 

83 

88 

88 

87 

86 

60 

89 

89 

88 

86 

ioo 

90 

90 

89 

87 
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l^jwlcal  Re««lte  of  Xe»t» 
JiappUed 


C»«n«rmtl»c>  Aete 


Slie. 

100 
K.W. 

60 
K.W. 

82 
K.W. 

24 
K.W. 

Water  consumption  per  K.W.  hoar ; 
Normal  steam  and  vacuum  lbs. 

29^ 

81.6 
29.7 
28.2 

36.0 
85.6 
35.6> 

83.4 
34.0 
34.1 

En|rine  regulation  % 
Full  load  to  no  load 
17ormal  steam  and  vacuum 

2.77 

•  ■     • 

•  •     • 

1.35 

2.8 

2.66 

1.9 
2.9 
2. 

2.5 
1.0 

Enffine  r^ulation  % 
FuU  load  to  no  load 
00%  above  normal  steam  with 
vacuum 

•  •     t 

•  •    • 

•  •     • 

•  •  • 
2.65 

•     •     • 

1.2 
1.96 

1.76 

2.4 
3.0 

2.65 

Engine  regulation  % 
Full  load  to  no  load 
!M)%  below  normal  steam  with 
vacuum 

•  •     •     , 

2.8 

•  •     • 

2.24 
3.17 

3.27 

2.6 
2.09 

2.67 

3.0 
3.6 

5.0 

Generator  efficiency  % 
Full  load 

91.8 
91.7 

89.5 
89.1 
89.3 

88.8 
89.1 
88.8 

88.2 
88.6 
88.7 

Temperature  rise  in 
Armature  coils 
By  resistance,  <H3 

32.6 
33.3 

•     *     • 

22. 
18. 
24.8 

20.8 

19. 

22. 

26.1 
20.1 
23.2 

Temperature  rise  in 
Field  coils,  shunt 
By  resistance,  ^ 

29. 
31. 

•     •     • 

24. 
24. 
30.7 

18.1 
28.7 
20.8 

19.2 
21.3 
19.0 

Temperature  rise 

Commutator 

By  thermometer,  ^ 

24. 
28. 

•  •  • 

24.6 

23. 

19. 

13.    ■ 

14.5 

15. 

17. 
29. 
21. 

Each  set  to  consist  of  an  electric  generator  driven  by  a  steam  turbine, 
both  mounted  on  a  common  bedplate. 

The  set  as  a  whole  shall  be  as  compact  and  light  as  is  consistent  with  due 
regard  to  strength,  durability,  and  ^dency.  The  maximum  allowable 
nonnal  speed,  weight,  and  over-all  dimensions  are: 


Sixein 
K.W. 

iv.F.M. 

Weight 
in  Ibe. 

Lensth 
in  inches. 

liax.  width 

over  pipe 

connections. 

Width  in 

inches 

base. 

Height 

in 
inches. 

200 
300 

1700 
1500 

25.000 
29,000 

150 
165 

inches. 
100 
100 

75 
76 

87 
90 

The  design  shall  provide  for  accessibility  to  all  parts  requiring  inspeo- 
tion  during  operation,  or  adjustment  when  under  repair,  sets  are  to  be 
designed  to  operate  counter-clockwise  when  facing  the  steam  inlet.  The 
design  to  be  preferably  such  that  the  same  parts  may  be  used  in  each,  in 
order  to  avoid  increase  in  number. 
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The  sets  must  be  capable  of  nmnins  without  undue  noise, 
wear,  or  heating.  Must  be  balanced  and  run  true  at  all  losids,  up  to  Si 
per  cent  above  rating;  must  be  capable  of  running  for  k>ns  period  wAr 
full  load. 

Cast  or  wrought-iron  shall  not  be  used  for  bearing  surfaces.  Both  snv 
and  lower  halves  of  main  bearings  to  be  removable  without  removal  or  ok 
placement  of  shaft. 

Suitable  thrust  bearings  will  be  provided  to  prevent  movement  of  tae 
shaft  in  direction  of  its  length  as  might  be  caused  by  rolling  of  the  sbip^ 
Sets  to  be  erected  with  shaft  extending  in  a  fore  and  sit  direction. 

The  combination  bedplate  to  be  a  substantial  casting^  and  provided  «iti 
accurately  spaced  drilled  holes  for  securing  to  foundation.  Provisicn  id 
be  made  to  receive  duct  from  the  ship's  ventilating  system. 

Seats  for  all  boltheads  and  nuts  to  be  faced.  All  nuts  to  be  case  lurdnsi 
and  to  be  United  States  standard  sizes.  Where  liable  to  work  loose  froa 
vibration,  nuts  are  to  be  secured  by  use  of  jam  nuts  and  sprinc 
All  bolt  ends  to  be  neatly  finished. 

Adjoining  portions  of  the  machinery  shall  be  given  oOTTeBpondinc 
whenever  this  may  be  desirable  for  insuring  correct  assembling. 

Wrenches  and  hfting  eyes  to  be  furnished  in  sets  as  specifiea. 

Canvas  covers  to  be  furnished  for  each  set,  engine  covers  ajid  , 
covers  to  be  separate.  To  be  made  of  Navy  standard  G-ounce  kha 
ravens  (Specification  215)  stitched  together  xnth  a  double  seam. 

If  required  in  advance  of  delivery  of  set,  templates  of  tlie  oombinsL- 
bedplate  or  of  the  shunt  field  rheostat  shall  be  furnished  hy  the  oontncsor 
free  of  additional  expense.  These  may  be  of  paper,  full  sise,  with  ditae^ 
sions  entered  complete  in  order  to  obviate  errors  due  to  shrinkage  or  e^s»- 
■ion. 

Interchangeability  among  the  different  sets  and  their  spare  parts  of  tb* 
same  sise  and  make  as  furnished  in  any  one  contract  is  required.  Has  to 
be  demonstrated  as  iMirt  of  the  final  test  for  acceptance. 

Spare  parts  supplied  to  be  boxed  and  protected  in  accordance  «ii^ 
"Specification  3B2  '  issued  by  the  Navy  Department,  September  12. 190& 

The  general  appearance  of  the  set  resulting  from  design  and 


■hip  must  be  of  tne  highest  character.  Any  defect  not  caused  by  msose 
or  ne^^eot,  which  may  develop  within^ the  Qrst  six  months  of  service,  to  bt 
made  gooa  by  and  at  the  expancs  or  t!io  contractor. 

The  works  in  which  the  construction  of  tlie  contract  is  being  oairied  ob 
shall  be  open  at  all  times  during  working  Iioufq  to  the  inspection  officer  aad 
his  assistants.  Every  facility  shall  !>e  iivcn  sucli  inspectors  '  *t  the  profier 
execution  of  their  v/ork. 

Copies  of  the  original  shop  clrci\/inc3  of  tho  generating  set  sfasUI  be  fo^ 
nished  as  part  of  the  contract  ns  soon  ac  ix>s8ible  af tor  said  contract  v 
awarded.  Before  final  acceptance  of  generating  set  a  complete  set  of  fiiaH 
class  detail  and  assembly  drawings  on  tracing  cloth  shall  be  supplied. 


The  turbine  will  be  of  the  horisontal  multi-stage  type.  It  will  be  de> 
signed  to  run  condensing  with  maximmn  practical  einoiency  at  all  fosds. 
It  will  be  of  sufficient  power  to  drive  the  generator  for  an  extended  tiias  at 
the  rated  speed  when  said  generator  is  carrying  1  k  load. 

The  normal  steam  pressure  under  which  the  turbine  vtiII  operate,  and  st 
this  steam  pressure  the  maximum  steam  consimiption  for  various  degrees 
of  vacuum,  is: 


Steam  K.W 

.  pressure. 

Water  consumption  per  K.W.  hour,  full  load. 

uorzuM* 

25  in.  vac. 

26  in.  vac. 

27  in.  vac. 

28  in.  Tie. 

200 
800 

150 
200 

«  ■  • 

304 

281 

261 

27 
25i 
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These  rates  should  he  interpreted  as  dry  saturated  steam,  steam  pres* 
■are  heing  measured  at  throttle  and  vacuum  in  exhaust  casing.  Super* 
lieating  shall  not  be  used  in  the  test. 

The  turbine  to  run  smoothly  and  furnish  the  required  power  for  full 
load  at  any  steam  pressure  within  20  per  cent  (above  or  below)  of  those 
Siven  in  the  table,  and  exhausting  to  condenser  at  25  inches  ot  vacuum; 
to  furnish  power  for  90  per  cent  of  full  load  at  steam  pressure  20  per  cent 
below  normah  and  for  full  load  at  any  steam  pressure  between  normal  and 
20  per  oent  above  normal,  when  exhausting  into  the  atmosphere.  It  will 
bear  without  injury  the  sudden  throwing  on  or  off  of  one  and  one-third 
times  the  rated  load  of  the  generator  by  making  and  breaking  the  gener- 
ator's external  circuit. 

The  steam  outlets  shall  be  so  placed  as  to  admit  <^  piping  from  either 
side  with  equal  facility.  Blank  flanges  shall  be  furnished  complete  when 
reqairsd  to  cover  alternative  outlets,  turbine  to  have  exhaust  outlet  on 
ripit  or  left  side  as  specified.  All  piping  shall  be  firmlv  supported  at 
points  close  to  the  turbine,  so  that  the  weight  of  same  shall  not  effect  the 
alignment  of  the  parts  involved. 

Steam  inlet  valve  shall  be  a  combination  throttle  and  emergency  valve 
equipped  with  strainer  intervening  between  valve  and  steam  line.  It  will 
be  connected  to  the  emergency  governor  in  such  a  way  that  it  will  auto- 
matically eloae  if  the  speea  of  the  turbine  rises  more  than  15  per  cent  above 
normal.  Flange  drilling  to  conform  with  specifications  of  the  Bureau  of 
Steam  Engineering. 

The  ^vemor  will  be  of  the  centrifugal  tsrpe  ooerating  a  series  of  valves. 

Laggmg  to  be  fitted  as  extensively  as  practicable  to  turbine.  It  shall  be 
done  after  a  preliminary  run  of  the  turbine  in  order  that  any  defects  in 
easting  or  joints  may  be  readily  found.  The  arrangement  for  securing  the 
lafidng  in  place  shall  admit  of  its  ready  removal,  repair*  and  replacement. 

Tne  speed  variation  will  not  exceed  2i  per  cent  when  load  is  varied 
between  full  load  to  20  per  cent  of  full  load  gradually  or  in  one  step,  turbine 
running  with  normal  steam  pressure  and  vacuum.  A  variation  of  not 
more  than  3i  per  cent  will  be  allowed  when  full  load  is  suddenly  thrown 
on  or  off  the  generator  with  steam  pressure  constant  between  normal  and 
20  per  cent  above  normal,  a  variation  of  not  more  than  3)  per  cent  when 
90  per  oent  of  full  load  is  suddenly  thrown  on  or  off  the  generator  with 
constant  steam  pressure  at  20  per  cent  below  normal,  exhausting  in  both 
cases  either  into  condenser  or  the  atmosphere.  No  adjustment  of  the 
governor  or  throttle  valve  during  the  tests  shall  be  necessary  to  insure 
proper  performance  under  the  above  conditions. 

The  turbines  will  operate  without  the  use  of  lubricants  in  the  steam 
spaees.  Forced  lubrication  will  be  used  on  all  bearings.  The  bedplate  will 
eontain  an  oil  reservoir  from  which  oil  will  be  drawn  oy  a  pump  operating 
directly  from  the  main  shaft,  and  forced  through  the  system.  To  be  pro- 
vided with  a  strainer  which  may  be  removed  without  interrupting  the  oil 
supply.  The  oil  will  be  cooled  by  water  which  will  pass  through  a  coil 
around  which  the  oil  will  circulate. 

Mandrels,  with  collars,  complete,  will  be  furnished  for  renewing  the 
white  metal  of  all  bearings  so  fitted. 

The  material  and  design  of  the  turbine  will  be  such  as  to  safely  withstand 
an  strains  induced  by  operation  at  the  nuiximum  steam  pressure  specified. 


To  be  of  the  direct  current,  multi-polar  type,  compound-wound  long- 
ihunt  connection,  designed  to  run  at  constant  speed  and  to  furnish  a  pres- 
sure of  125  volts  at  the  terminals,  at  rated  speed  with  load  varying  be- 
tween no  load  and  one  and  one- third  times  rated  load. 

The  magnet  frame  wUl   be   circular  in  form;    will  have  inwardly  pro- 

tettng  pole  pieces  and  wUl  be  divided  in  half  horisontally,  the  two  halves 
ng  secured  with  bolts  to  allow  the  upper  half  with  its  pole  pieces  and 
ooils  to  be  lifted  to  provide  for  inspection  or  removal  of  armature.  The 
pole  pieces  will  be  bolted  to  the  frame. 

The  mai^et  frame  wilt  be  provided  with  two  feet  of  ample  sise  to  insure 
a  firm  footing  on  the  foundation. 
Facilities  for  vertical  adjustment  of  the  frame  will  be  provided. 


i 
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The  laminations  for  the  armature  will  be  aoeurately  pfiiaelied  fi 
best  quality,  thorouclily  annealed,  electrical  sheet  steel,  slots  to  be  |jm<Ae^ 
in  the  peripnery  of  laminations  to  receive  armature  windincs.  Tbe  Isb' 
nations  wiu  be  insulated  from  each  other  and  will  be  aaaembled  on  At 
spider  or  shaft  and  securely  keyed.  Si)aoe  blocks  will  be  insartad  becwiB 
laminations  at  certain  intervals  to  provide  ventilating  duets  for  eodiBC  tk 
oore  and  windings. 

laminations  will  be  set  up  under  pressure  and  held  seeurely  by  esd 
flajotes. 

The  oonunutator  bars  will  be  supported  on  the  shell  wfaieh  will  be  kiyec 
directly  on  Uie  shaft  so  that  no  relative  motion  can  take  place  between  iht 
windinffi  and  bars.  The  bars  will  be  <^  hard  drawn  copper  fimshed 
rately  to  gauge.  The  insulation  between  ban  will  be  of  oarefully  eel 
mica  not  less  than  .03  inch  thick.  The  bars  will  line  with  the  ikift 
and  run  true  and  will  be  securely  held  in  place  by  means  of 
rizigB. 

The  brushes  will  be  of  carbon.    Each  brush  will  be  separately  re 
and  adjustable  without  interfering  with  any  of  the  others.     Tbe  pone  d 
contact  on  the  commutator  will  not  sliif  t  by  the  wearing  away  of  the  brask 

Brush  holders  to  be  staggered  in  order  to  even  the  wear  over  entire  §a- 
face  of  commutator;  the  generator  to  be  provided  with  some  deviesB  far 
diifting  aU  the  holders  simultaneously.'  All  insulating  washers  and  bia*^' 
to  be  (ump  proof  and  unaffected  by  temperature  up  to  100  fir  an  a  u  C 

Finishea  armature  to  be  true  ana  balanced  both  dectrioa^  and  mei 
ically,  that  it  may  run  smoothly  and  without  vibration,  "nie  abaft  tote 
provided  with  suitable  means  to  prevent  oil  from  bearings  vvorkinc  ^^"^ 
to  armature. 

All  copper  wire  to  have  a  conductivity  of  not  less  than  98  per  ecnt. 

For  sets  of  100  K.W.  and  less  the  shunt  and  series  6dd  oofls  to  be     . 
rately  wound  and  separately  mounted  on  the  pole  pieces.     Tlie  shont  iac 
series  coils,  respectively,  of  any  one  set  to  be  identical  in  oonstractioa 
dimensions  ana  to  be  readilv  removable  from  the  pole  pieces, 
coils  as  well  as  the  series  coils  are  to  be  connected  m  senes. 

A  headboard  will  be  mounted  on  the  generator  containinc  the 
terminals  for  main  switchboard,  equalising  connections,  shunt  and 
field  connections,  and  pilot  lamp. 

The  field  rheostat  to  be  of  fire-proof  construction  suitable  for . 

on  back  of  switchboard,  to  be  provided  with  handle  or  wheel  proicetiBi 
throuc^  to  front,  either  directly  connected  or  by  sprocket  diain,  usadk  t* 
be  marked  indicating  direction  of  rotation  for  ndsing  and  for  towering  t«k- 
age  of  generator.  iJie  total  range  of  adjustment  to  be  from  lO  pa-  eat 
above  to  20  per  cent  below  rated  voltage,  the  variation  to  be  not  more  tku 
one>ha]f  volt  per  step  at  both  full  load  and  half  load. 


Operation  of  Ctomermtor. 

The  compounding  to  be  such  that  with  turbine  working  within  spedfisd 
limits,  field  rheostats  and  brushes  in  a  fixed  position,  and  starting  «i<k 
normal  voltage  at  no  load  or  at  full  load,  if  the  current  be  varied  step  tv 
step  from  no  load  to  fidl  load  or  from  full  load  to  no  load^  and  back  s|^ 
the  difference  between  maximum  observed  voltage  and  mimmnnn  ofasemd 
voltage  slukU  not  exceed  2i  volts. 

The  compounding  and  heat  run  (fuU  load  and  overload)  of  the  gOMraiiBC 
sets  must  be  made  with  identical  bru'-h  positions. 

The  dielectric  strength  for  resistance  to  rupture  shall  be  detenninsd  l9 
a  continued  application  of  alternating  E.M.F.  of  1500  volts  for  one  nuaoHk 
Test  for  dielectric  strength  sh^  be  made  with  the  completely  ass 
apparatus  and  not  with  we  individual  parts,  and  the  voltage  shall  be ; 
between  the  dectric  circuits  and  surrounding  conducting  matertel. 

With  brushes  in  a  fixed  position  there  shall  be  no  sparidng  when  hfd  h 
gradually  increased  or  decreased  between  no  load  ana  fall  load;  no  dtl^ 
mental  sparking  when  load  is  varied  up  to  one  and  one-third  times  lain 
load,  no  flashing  when  one  and  one-third  load  is  removed  or  applied  in  f 
stage. 

The  jump  in  voltage  must  not  exoeed  16  per  cent  trikSD  full  load  is  v 
denly  thrown  on  and  off. 
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The  t«inp«rature  rise  of  this  set,  after  numiiis  eontinuously  under  fall 
rated  load  with  air  of  auxiliary  rentilation  at  room  temperature  for  four 
hours  must  not  exceed  the  following: 

Degrees  G. 

Armature,  by  thermometer 40 

Commutator,  by  thermometer 45 

Series  field  coils,  thermometer 40 

Shunt  field  coils,  resistance  method 40 

Shunt  rheostat,  resistance  method 76 

Scries  shunt,  thermometer 40 

The  rise  in  temperature  to  be  referred  to  standard  room  temperature  of 
25  denees  G.  Room  temperature  to  be  measiu-ed  by  a  thermometer  placed 
threefeet  from  commutator  end  of  the  generator  with  its  bulb  in  line  with 
the  center  of  shaft. 

A  svstem  of  air  ducts  for  the  ventilation  of  armature  and  commutator 
shall  be  provided.  This  system  shall  be  connected  to  the  ship's  venti- 
lating system.  The  amount  of  air  per  minute  required  for  the  various 
sijied  sets  will  not  exceed  the  following: 

Sise  K.W.  Cubic  feet  air  per  minute. 

200  2000 

300  3000 

The  generator  to  be  capable  oS  satisfaetory  operation  for  a  period  of  two 
hottxs  carrvin|(  one  and  one-third  times  its  rated  full  load;  also  full  load 
continuously  m  a  room  temperature  of  30  degrees  C,  without  auxiliary  ven- 
tilating system,  and  no  part  shall  heat  to  such  a  degree  as  to  injure  the 
insulation. 

Generators  of  the  same  sise  and  manufacture  to  be  capable  of  operation 
in  paralld.  the  division  of  the  load  to  be  within  20  per  cent  throui^out  the 
range.  The  mametic  leakage  at  full  load  shall  be  imi^ceotible  at  a  hori- 
zontal distance  m  15  feet,  measurements  to  be  taken  with  a  norisontal  force 
instrument. 


• 


The  dynamo  room  is  supplied  by  a  special  steam  pipe  which  usually  is  so 
•onnected  that  it  can  take  steam  direct  from  any  boiler  or  from  the  auxil- 
iary steam  pipe,  it  passes  into  a  steam  sepuutor  from  which  branches  lead 
to  each  of  the  generating-eets  in  the  dsmamo  room.  This  separator  is 
drained  bjy  a  steam  trap  which  sends  the  water  back  to  the  hot  well  in  the 
main  engme  room. 

The  exhaust  pipe  from  each  set  joins  a  common  exhaust  which  connects 
-with  the  auxiliary  exhaust  service  of  the  ship.  If  the  sets  are  located 
below  the  level  of  the  ship's  auxiliary  exhaust  pipe,  a  separator  is  placed  in 
the  common  exhaust  pipe  before  it  goes  up  and  joins  the  ship's  auxiliar;)r 
exhaust.  This  separator  is  drained  by  a  small  steam  pump,  which  is 
automaticallv  started  and  stopped  by  means  of  a  float  in  the  body  of  the 
separator,  which  float  starts  the  pump  when  the  separator  is  full  and  stops 
it  when  empty. 

In  the  latest  vessels  a  separate  condenser  is  installed  in  the  dynamo  room 
for  the  generating  sets. 

Switohboards  are  divided  into: 

(a)  Generator  boards. 
(6)  Distribution  bouds. 

The  generator  boards  are  provided  with  two  sets  of  bus-ban.  one  set  for 
the  lighting  system,  and  the  other  set  for  the  power  system.  The  design  is 
such  that  any  of  the  generators  can  be  operated  singly  or  in  parallel  on 
either  system.  Fig.  1  shows  diagrammatically  the  generator  boaid  used  on 
the  U.  8. 8.  "  Vermont." 

Current  is  supptied  to  the  different  applianoes  by  means  of  distribution 
switohboards,  wtueh  have  two  sets  of  bus-ban,  one  for  lighting  and  one  for 
power,  and  are  connected  directly  to  the  corresponding  bus-ban  on  the 
main  generator  board.    Feeden  run  direct  from  these  dSstribution  boards, 


ti 
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Fid.   1.    Diacmn  at  VBrmont  Oanerstor  SwitahboBid. 

boud  for  sch  turret.         Fig.  2  shows  (h<  daisn  u  lusd  on  the  V.SS. 

the  four  shown.     Each  genenlor  hu  »  hMdlxard  CBipdns  s  doublHiill 

turret  lunaac.'  The  disgtsia  ihowa  gencnton  Nn.  1  ■nd  2  aponiiiu  ii 
panOlsl  OD  the  power  ■yitem.  Ho.  3  alone  ou  the  Ught  sysUun.  ud  No.  I 
openliDi  the  nfter  turret  luming  moton.  It  in  to  be  naled  that  the  Ihm 
■eneraton  on  the  power  and  liichtiDE  lyslcme  have  the  richt-baod  bted«>  <J 
their  thple  pole  held  iwltchn  ^oeed,  pvinc  seV-eidtHtiau  throuch  tb*  Mi 
rheoatat.  while  the  mnchine  for  turret  lumiDf  haa  the  middle  bladaa  ckiad. 


SWITCHROARDfl. 
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DUcnun  of  Double  Dynuno  Soom  tKrtributim. 


■eaidmt  dubllDc  ona  pUnl  will  not  aflSEt  tha  G^tlns  kMUty  td  Of 
Ekeh  pluit  ti  of  luffioiaDt  oandty  to  orry  the  antii*  mrkiiii  load 

Tb*  diitilbutloa  li  (bown  diBgnnunaticslly  in  FiR.  3.     Th«  Bsient 
one  room  in  emWMtd  by  tha  nme  board.     Ths  iMden  to  tb*  vi 


WIRING.  1167 


parts  of  the  ship  are  sapplied  by  the  two  dlstrlbutioii  boards,  one  forward  and 
one  aft.  Eaoh  of  these  dlstriDutlon  boards  can  take  energy  from  either  of 
Che  generator  hoards  by  means  of  transfer  switches  and  interoonneotlng 
feeders. 

The  olronlts  supplying  the  lights  in  the  engine  and  fire  rooms,  and  the 
turret  feeders  are  made  double,  one  set  running  from  eaoh  distribution 
board,  and  transfer  switches  prorided  at  their  ends;  thus  allowing  these 
important  parts  to  be  supplied  even  If  either  dynamo  room  or  elthiBr  dis- 
tribution board  Is  destroyed. 


•pectllcatloBa. 

The  principal  requirements  of  the  Navy  standard  spedfioatlons  for  light 
ana  power  conductors  are : 

Au  conductors  to  be  of  soft-annealed  pure  copper  wire,  and,  unless  other- 
wise specified,  each  wire  to  be  thoroughly  and  evenly  tinned. 

All  single  strands  must  show  a  conouctivity  of  not  less  than  06  per  cent 
and  the  finished  cable  not  less  than  05  per  cent  of  that  of  pure  copper  of 
the  same  number  of  droular  mils. 

All  layers  of  pure  IWa  rubber  must  contain  at  least  08  per  cent  pure 
Para  rubber;  must  be  concentric,  of  uniform  thickness,  elastic,  tough,  and 
free  from  flaws  and  Holes. 

All  layers  of  vulcanised-rubber  compound  shall  consist  of  the  best  grade 
of  fine  unrecovered  Para  rubber,  mixed  with  sulphur  and  dry  inorganic 
mineral  matter  only.  The  compound  shall  contain  from  30  to  44  per  cent, 
by  weight,  of  fine  rara  rubber,  and  not  more  than  3  per  cent,  by  weight, 
of  sulphur.  This  sulphur  shall  be  so  combined  with  tno  Para  rubber  tnat 
not  more  than  two-tenths  of  1  per  cent  shall  remain  in  the  compound  as 
free  sulphur.  The  rubber  shall  be  so  compounded  and  vulcanised,  that 
when  test  pieces  taken  from  the  wire  (2  inches  between  jaws  and  «  Inch 
wide  when  possible)  are  subjected  to  a  tensile  stress,  the^  shall  show  a 
breaking  strain  of  not  leas  than  1,000  pounds  per  square  moh,  and  shall 
stretch  to  at  least  three  and  one-half  times  tneir  original  length.  The 
jaws  will  be  separated  at  the  rate  of  3  inches  per  minute. 

When  test  pieces,  as  described  above,  are  subjected  to  a  stress  of  000 
pounds  per  square  inch  for  ten  minutes,  the  compound  shall  be  of  sudi  a 
character  as  to  return  to  within  60  per  cent  in  excess  of  its  original  length 
at  the  end  of  ten  minutes  after  being  released. 

All  layers  of  vulcanised  rubber  must  be  concentric,  continuous,  and  free 
from  flaws  or  holes:  must  have  a  smooth  surface  and  circular  section;  and 
must  be  made  to  a  diameter  in  the  finished  conductor  as  tabulated. 

Measured  dimensions  "over  vulcanised  rubber"  or  "over  tape"  must 
eome  within  2i  per  cent  of  tabulated  values,  the  dq>arture  in  no  case  to 
exceed  A  Inch. 

All  layers  of  cotton  tape  must  be  thoroughly  filled  with  a  rubber-insulating 
compound,  the  tape  to  be  of  a  width  best  aai4>ted  to  the  diameter  of  that 
part  of  the  conductor  which  it  is  intended  to  bind.  The  tape  must  li4> 
about  one-half  its  width;  must  be  of  such  thickness  as  to  make  dimensions 
conform  to  tabulated  values,  and  be  so  worked  on  as  to  Insure  a  smooth 
surface  and  droular  section  of  that  part  of  the  finished  conductor  which  is 
beneath  it.    The  tape  must  not  adhere  to  the  rubber. 

All  exterior  braia  or  braids  must  be  closely  woven,  and  all,  except  silk 
braid,  must  be  thoroushly  saturated  with  a  black  insulating  watMproof 
oompound  which  shall  be  neither  injuriously  affected  by  nor  have  injurious 
effect  on  the  braid  at  a  temperature  of  05**  C.  (dry  heat),  or  at  any  stage  of 
the  baking  test,  nor  render  the  conductor  less  pliable.  Wherever  a  di- 
ameter over  outside  braid  is  tabulated  or  specified,  the  outside  surface  must 
be  sufficiently  smooth  to  secure  a  neat  working  fit  in  a  standard  rubber 
gasket  of  that  diameter  for  the  purpose  of  making  water-tijght  jqints. 

Measured  dimensions  "over  braid"  must  come  within  5  per  cent  of 
tabulated  values,  the  departure  in  no  case  to  exceed  A  Inch. 

An  wire  and  cable  shall  be  subjected  to  a  test  for  continuity  and  for  insu- 
lating properties,  the  latter  by  measurement  of  insulation  resistance  and  by 
high  potential  test  on  the  entire  length  of  the  cables,  dther  or  both,  as  per 
the  foDowing  table: 
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LightUig  win. 

Up  to  and  ineludinc: 

500,000  cm.,  sincle     .  .  . 

ASO.OOO  cm.,  single     .  .  . 

800,000  cm.,  single     .  .  . 

1,000,000  cm.,  single  .  .  . 
.All  twin  wire: 

Between  conductors    .  .  . 

Fn>m  oonduotora  to  ground 

Double  condudor. 
Plain: 

Between  conductors    .    .    . 

Each  conductor  to  ground 
Diving: 

Between  conductors    .    .    . 

Each  conductor  to  ground 

Bilk 

Bell  wire 

Bell  cord 

CabU. 

Interior-communication  cable: 

Between  conductors    .    .    . 

Each  conductor  to  ground 
Night-signal  cable; 

Conductor  for   ...... 

Completed  cable: 

Between  conductoss    .   .    . 

Gable  to  ground 


Insulation  resistanoe. 


30 


1,000  nnwohma  per  knot 
000  megohms  per  knot 
800  mogobms  per  knot 
750  megohms  per  knot 

1.000  mogohms  per  knot 
1,000  megohms  per  knot 


1,000  megohms  per  1,000  feet 
1.000  megohms  per  1,000  foet 

1,000  m^ohms  per  1,000  feet 
1,000  megohms  per  1,000  feet 

Noteet 

500  m^pohms  par  1,000  feet 
No  test 


4J00 


1,000  megohms  per  1,000  feet 
1,000  megohms  per  1,000  feet 

1,000  megohms  per  1,000  feet 

1,000  megohms  per  1,000  feet 
60  megohms  per  length    .    . 


4,500 

4,500 


f  Bjft 


3*50 

54X10 
1.S00 
54»0 


1,500 
3,500 

3,500 

3JO0 

8,500 


Tests  for  insulation  resistance  shall  be  made  after  immerakm  of 
(not  less  than  three  days  after  manufacture,  the  three  days  to  be  reefcoeel 
back  from  the  end  of  the  inmiorsion  period)  in  fresh  water  at  a  tTmipma- 
ture  of  2Z*  G.  for  a  period  of  twenty-four  hours,  the  test  to  be  naade  by  the 
direct-deflection  method  at  a  potential  of  500  volts  after  five  miamsi 
electrification. 

High-potential  tests  shall  then  be  made  with  the  wire  still  immeraed,  the 
source  ox  power  supply  to  be  a  transformer  of  not  less  than  6  K.W.  eemai 
For  double-conductor  silk  and  bell  cord  the  high-potential  tests  will  be 
with  the  dry  wire  freely  suspended  in  the  air. 

Six-inch  samples  of  wire,  with  carefully  paraffined  ends,  shall  be 
mensed  in  fresh  water  of  a  temperature  of  22°  C.  for  a  period  of  fwc— . 
four  hours.    The  weight  of  the  wire  before  and  after  submersion,  dedvefr- 
ing  weight  of  copper  and  vulcanised  rubber,  will  nve  the  per  cent  of 
absorbed  by  the  braids.     This  shall  not  be  more  than  10  per  cent. 

A  sample  of  siiitable  length  (1  foot  long  for  small  wires)  afaall  be 
for  several  hours  at  a  time,  alternately,  to  a  temperature  of  05**  C  (diy 
heat>  and  the  temperature  of  the  atmosphere,  over  a  period  of  three  <faiye. 
The  braid  and  insulation  must  then  stand  sharp  bending  to  a  radios  of  scves 
times  tlM  diameter  without  breaking  or  oraolong.  For  twin  oondiMtor  the 
minimum  diameter  will  be  used. 

Unless  otherwise  called  for,  all  wire  supplies  to  be  delivered  in  lengtha  of 
not  less  than  500  feet.  To  be  delivered  on  reels  of  strong  oonatmekaoA  t» 
admit  of  transportation  to  long  distance,  which  reels  on  direct  pwrfhssw 
will  remain  the  property  of  the  Government.    The  flanges  of  the  leab  to  b* 


Bt  leait  8  iDchH  lonser 
The  looM  and  of  tht  coil  i 


1  diaoiMer  tbma  tha  diamnUr  thtonch  tb*  coU. 

1  be  Kcund  to  preveot  damace  in  tnuiait. 
dbllity,  the  pitob  nf  ths  "ituidiDs"  or  "ipinl 
~iiid  ilull  got  exoeed  vslun  tabulaMd: 


a  the  prooeding;  and  kII  aiogli.  . ._. 

of  the  diwnatei  aivan  in  the  Anuricsii  Tire-sanae  table  m 
Amoian  Imtitvta  ol  Electrical  Eocineen.  Oetober,  1893. 


CwiatAl  Id  the  oppocite  direc- 
table  aa  tulopted  by  ths 


ii 

I 

Hameter  loehea 

Diameter  i 

33i1b 

Aetna) 
CM. 

t-    — 



h. 

.sri. 

Over 

E. 

Ovei. 

o™ 

Orer 

1.9 

!»=  " 

pper.      „ 

M 

tme. 

braid. 

1 

ber. 

*J000 

4  107 

! 

0640S 

0053 

~~ 

eloiB 

10787 

1380 

11^ 

14^ 

7 

1870 

18.081 

15235 

1837 

23,700 

17121 

10 

19 

17 

19 

35410 

2S54 

16 

ooiooo 

37 

28210 

3134 

17 

7S.000 

37 

31682 

IS 

lOOJWO 

flo:ow 

61 

3B40 

126.000 

1S4,S2S 

01 

40734 

4380 

31 

150.000 

1B7,6«3 

01 

48738 

4885 

30 

198.877 

22 

20 

2S0.S27 

01 

9080 

24 

20 

2S 

390,387 

Bl 

20 

3S 

37! 

737 

01 

2S 

039 

E0O.000 

B21 

680 

127 

8643 

30 

«GO,000 

fl67 

500 

127 

93548 

9867 

38 

40 

800.000 

829 

050S3      1 

42 

1.000  000 

1,045 

718 

127 

^ 

210B 

46 

48 

eo 

( 
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II  riB(ls-lI|hUi«  oiDduotOTi  sbmll  be  iiuuUWd  u  IbDoss: 
int.     A  jayer  of  pur*  P»i>  rubber.  Dot  leu  tbES  it  inch  ._ 
t  thifl  thickncH  miut  b*  ii 


niirFMiry,  to  nmt  the  requir 
SMond.     A  layer  ot  tuIw 
TUnL     A  layer  of  cuttoa  tapv. 
Fourth.     A  eloM  braid  to  be  m 

■ — ^-^  ^ a.  for  all  m 


I.  90  two-ply  oottoa  thraid. 


« 

1 

■5 

illchHi.    ' 

DUuarrter  in  a2da  of  an  indk 

Ap-. 

Over 
copper. 

Over 

1 

Is 

6 

OverUpe. 

Ov«-  la 

braid. 

Onr  W 
br«l 

S" 

S: 

Two 

One 

£ 

On* 

T" 

S 

duo- 

iuc- 

doe- 

M 

5^ 

tor- 

lom 

lor. 

"? 

tor. 

T 

•0- 

4.000 

4,107 

^ 

.oe4oa 

002 

5 

j 

12 

B 

„ 

^000 

»oie 

7 

20 

3 

n 

iLoa 

ii;a» 

S 

0 

SS 

2 

22 

s 

7 

.  3578 

20 

23 

s 

laioa 

7 

.  S225 

S 

ao.ooo 

2a!  7m 

.17121 

10 

20 

« 

ff 

solow 

30.SS6 

.243 

3 

26 

5 

2S 

7 

> 

IS 

.28* 

14 

2S 

e 

30 

ts 

law  10 

eolooo 

BoioHS 

^1 

.28210 

:327 

14 

18 

32 

s 

34 

ao 

Si 

if  two  oonducton,  csdi  oh  td 
H  than  ^  of  an  iiuh  in  xhiA' 


All  twin  Iwhtina  aanductore  shall  «otu 
which  ihall  be  iniulated  aa  followa: 
Firat.     A  layer  of  pure  Para  robbw,  a 


Two  ■uoh'inauUted  oonduGtorg  shall  be  laid  together,  the  intcnticM  bcia| 
filled  with  iute.  and  eovered  with  two  layers  ol 


Mrthnda  of  laatalllBV  CaB«a) 


'  the  proteollT*  deok,  and  whereTer  wlringla  aipoeed  to  meehaatsal  IbJwT 

or  the  weather.     JroD-Hrmored  eonduit  la  oaed,  except  witUu  ii  feat  sfibt 
■tandard  eompaaai  where  braaa  la  need, 

Condnlt  paaelng  tbrough  water-tight  bnlkheada  la  made  water-tlfkiU 
means  of  atudlng-boiea  and  hemMwcklng.  Water-tlKhtnaM  lapnnlM 
at  the  glide  ot  conduit  bf  a  atufflng-boi  and  a  aoft-rnbber  ^vket,  thni^ 
vUeh  theoODdootor  pMSea.    Longllnea  of  eondolt  paMtaf  ibro^^  anenl 
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'water-tight  oompsrtments  are  provided  with  gland  ooaplingi  at  proper 
interrals,  which  divide  the  run  into  water-tight  seotions,  thui  preTentlug 
an  injury  in  a  flooded  compartment  from  allowing  the  water  to  run  through 
the  oonanit  into  another  compartment.  Theee  gland  coupling!  are  alio 
used  where  conduit  passes  vertioally  through  decks. 

3.  Wood  molding  is  used  in  liTing  spaces  but  has  been  abandoned  on 
the  latest  vessels.  It  consists  of  a  backing  piece  fastened  to  the  iron  work 
of  the  ship,  to  which  the  molding  proper  Is  secured  by  screws  and  covered 
-with  a  wooden  oapping-piece.  where  leads  installed  in  molding  pass 
through  water-tight  bmxheads,  a  bulkhead  stuffing-box  is  provi^tod  for 
water-tightness. 

3.  Porcelain  supports  are  used  in  dynamo  rooms  and  for  the  long  feeders 
which  are  run  in  tne  wing  passages  where  there  is  no  danger  of  interference. 
Stuffing-tubes  are  used  where  tne  wires  pass  through  bulkheads,  the  same 
mm  with  molding. 

All  conductors  are  branched  by  being  run  into  standard  Junction  boxes, 
which  are  usually  provided  with  fuses.  Where  conduit  is  lued  these  boxes 
are  tapped,  to  have  the  conduit  screwed  into  them ;  where  molding  or 
porcelain  is  used  the  boxes  are  provided  with  stuiHng-tubes.  The  box  covers 
are  made  water-tieht  with  rubber  gaskets ;  inside  the  fuses  and  connection 
atripe  are  mounted  on  porcelain  bases. 


The  maximum  drop  allowed  on  any  main  is  3  per  cent  at  the  farthest 
lamp.  Ifains  are  required  to  be  of  the  same  sise  throughout,  and  to  be  of 
1.000  circular  mils  per  ampere  of  normal  load. 


Host  incandescent  lamps  are  installed  in  air-tight  glass  globes  of  different 
ebflipes,  depending  upon  position  or  location.  Magaaines  are  lighted  by 
■*  Magasine  Light  Boxes, '^  which  are  water-tight  metal  boxes  set  into  the 
magazines  through  one  of  its  walls,  and  provtded  with  a  water-tight  door 
openinff  into  the  adjacent  compartment,  so  that  the  interior  of  the  box  is 
accessible  without  entering  the  magazine.  The  sides  of  the  boxes  have 
glass  windows,  and  each  box  is  fitted  with  two  incandescent  lamps,  each 
Ukmp  having  its  own  separate  fused  branch  to  the  main,  so  that  one  lamp 
can  oe  used  as  a  spare. 

**  Switch  Beceptacles  "  containing  a  snap  switch  and  a  plug  socket  are 
provided  for  attaching  portable  lamps. 


The  principal  requirements  of  the  standard  Navy  spedflcations  are : 

Halt  of  OsukUo-Powor.  —  The  unit  of  candle-power  shall  be  the 
eaudle  as  determined  by  the  Bureau  of  Standards  at  Washington,  D.  C. 

PliotOBiotric  Hoaa«re«  —  The  basis  of  comparison  of  all  lamps  shall 
be  the  same  spherical  candle-power.  The  normal  candle-power  referred  te 
in  these  specifications  shall  be  the  mean  horizontal  candle-power  of  lamps 
having  a  mean  spherical  candle-power  value  of  S2.5  per  cent  of  the  mean 
borisontal  candle-power,  which  is  the  standard  value  for  filaments  of  Uie 
oval  anchored  type. 

For  lamps  having  filaments  giving  a  different  ratio  of  mean  spherical  to 
mean  horizontal  candle-power,  the  norizontal  candle-power  measurement 
win  be  corrected  by  a  reduction  factor  determined  by  the  Bureau  of  Stand- 
ards or  other  authority  mutually  agreed  upon. 

Vo«t  ^«aMtt^.  -*-  The  test  quantity  shall  consist  of  10  per  cent  or 
mora  of  any  lot  or  paokagCi  and  in  no  case  be  less  thui  ten  lamps. 
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From  «aoh  jwckage  th«re  will  be  aeleoted  at  mndom  thft  tost  qiouitHy  for 
the  purpose  ol  determininK  the  meohanical  and  physicsl  oharatctenstaci  4 
the  Umps,  the  individual  limits  of  oandle-power  and  watts  per  lamp,  wad 
finally  the  life  and  oandle-power  mainteoanoe.  These  lamps  wUl  be  knoea 
as  the  test  lamps. 

All  lamps  shall  confoxm  to  the  manufaeturera'  standard  shapes  and 
of  bulbs,  and  to  the  standard  forms  of  filament,  and  the  atandaid 
power  and  watts  per  lamp. 

All  bulbs  shall  oe  uniform  in  sise  and  shape,  olear,  elean,  and  f i 
flaws  and  blemishes. 

AH  lamps,  unless  otherwise  specified,  shall  be  fitted  with  the  standvd 
Edison  screw  base,  fitted  with  ^aas  buttons,  formingthe  insulation  betwsBs 
contacts,  and  rendered  impervious  to  moisture.  The  shells  of  the  bssei 
shall  be  of  cood  quality  brass,  firmly  and  accurately  fitted  to  the  bulb  witb 
moistur^roof  cement,  and  in  length  to  oonfotm  to  the  Natiotial  Fkwiiiii 
Code  of  fire  Underwriters. 

The  lamp  filament  must  be  s3^inmetrically  disposed  in  the  bulb  and  sbal 
i.ot  droop  excessively  during  the  life  of  the  lamp  when  the  lamp  le  burned  os 
test  in  the  one  hoiisontal  position  at  a  voltage  oorresp<nidins  to  an  initiil 
Bpedfio  eonsumption  of  3.76  watts  per  mean  spherical  candle  and  withort 
excessive  vibration. 

All  filaments  must  be  uniform  and  free  from  all  imperf eotiooa,  spots,  sad 
disoolorations. 

Leading  in  wires  must  be  fused  into  the  dbss  with  the  joints  brtwcMi  cap- 
per and  pUtinum  wires  bedded  well  within  the  glass :  the  wires  to  be  strait, 
wdl  separated,  and  securely  soldered  to  the  base  and  cap,  without  exeess  off 
solder  and  so  threads  of  base  are  free  from  solder. 

All  lamps  must  have  first-class  vacuum^  showing  the  diarmeteriBtie  ^w 
of  good  vacuum  when  tested  on  an  induction  coil. 

A  printed  label,  showing  manufacturer's  name  or  trade-mark,  Tohsg^ 
and  candl^'power,  must  be  placed  on  each  lamp  near  base. 

The  lamjM  must  be  well  made  and  free  from  ail  d^ects  and  impecfeetiooib 
so  as  to  satisfactorily  meet  the  conditions  of  the  lighting  service. 

If  10  per  cent  of  the  test  quantity  of  lamps  selectea  from  any  rrffragT 
show  any  physical  defects  incompatible  with  good  workmanship,  cood  ser> 
vice,  or  vnih  any  clause  of  these  speioifications,  the  entire  lot  Tram  whiob 
these  lamps  were  selected  may  be  rejected  without  further  tests  when  tcsli 
are  made  at  the  lamp  factory.  When  the  tests  are  made  elsewhere,  if  thi 
first  test  quantity  prove  unacceptable,  20  per  cent  more  lamps  will  bs 
selected  from  the  package  or  lot  of  lamps,  and  should  10  per  eeot  of  thn 
second  lot  of  sample  lamps  be  found  to  have  any  of  the  physieat  defects 
above  mentioned,  the  entire  lot  from  which  these  lunps  were  seleeted  may  bs 
rejected  without  further  test. 

When  tested  at  rated  voltage  the  test  lamps  shall  nof  exeeed  the  fimdli 
fiven  in  schedule.  If  10  per  cent  of  test  lamps  from  any  paekage  is  found  to 
mU  beyond  the  limits  stated,  when  tests  are  made  at  the  lamp  factory  the 
entire  lot  from  which  these  lamps  were  selected  may  be  rejected  witnoot 
further  test.  When  tests  are  xnade  dsewhere,  if  the  first  test  qnaality 
prove  unacceptable,  20  per  cent  more  lamps  will  be  selected  from  the  package 
or  lot  of  lamps,  and  should  10  per  cent  of  these  additional  lamps  be  found 
to  fall  beyond  the  limits  the  entire  package  may  be  rejected  without  farther 
test. 

Life  tests  shall  be  made  as  follows:  From  each  accepted  paekncs  of 
lampe  two  sample  lamps  shall  be  selected  which  approxiniato  most  dosdV 
to  the  average  of  the  test  q^uofUity.  One  of  the  two  lamps  thus  srieeted  vfll 
be  subjected  to  a  life  test  and  designated  as  the  b'fe  test  lamp,  the  setond 
or  duplicate  lamp  being  reserved  to  rei^aoe  this  tni  lamp  Ui  case  at  aeet> 
dental  breakage  or  damage  during  the  life  test.  Th*  tmt  Inmfas  shall  bs 
operated  for  candle-power  performance  at  constant  potential,  aven^ 
variations  of  voltage  not  to  exceed  one^ourth  of  1  per  cent  eidier  side. 
The  voltage  for  each  lamp  shall  be  that  corresponding  to  an  initial  spsctfc 
eonsumption  of  8.76  watts  per  mean  spherical  candle,  or  if  tested  upon  a  diff- 
erent !)asis,  the  results  shall  be  corrected  to  a  basis  of  3.76  wmtts  per  noaa 
spherical  candle.  If  desired,  the  life  tests  may  be  made  at  sueh  other  watts 
per  candle  as  may  be  mutually  agreed  upon. 

Readin^i  for  candle-power  and  wattage  shall  be  taken  during  Bfe  at  the 
marked  voltage  of  the  lamps  at  approximately  fifty  hottr«»  and  at  bast 


LIOHTIKG-8TST£M.  1173 

every  one  hundred  hours  afterwards  until  the  eandle-power  shall  have  fallen 
20  per  cent  below  the  initial  candle-power,  or  until  the  lamp  breaks,  if  within 
that  period.  The  number  of  hours  the  lamp  bums  untU  the  oandle-power 
has  deoreased  to  80  per  oent  of  its  initial  value,  or  until  the  lamp  breaks,  is 
known  as  the  useful  or  eJBTective  life. 

The  average  candle-power  of  lamps  during  life  shall  not  be  less  than  91 
per  oent  of  their  initial  candle-power.  In  computing  the  results  of  test  of 
a  lot  of  lamps  the  average  oandle-power  during  life  shall  be  taken  as  the 
arithmetical  mean  of  Uie  values  for  the  individual  lamps  of  the  lot  tested. 

Lamps  selected  for  the  life  test,  which  for  any  reason  do  not  start  on 
such  test,  shall  be  replaced  by  oUxen. 

Lamps  which  are  accidentally  broken  but  are  burned  out  on  test  shall  not 
be  counted  to  diminish  tbue  average  performance. 

In  case  both  test  and  duplicate  lamps  are  broken  or  damaged  before  the 
life  test  is  completed,  the  average  performance  of  all  lamps  of  the  same  class 
previously  determined  under  the  same  contract  shall  oe  assigned  to  the 
package  represented. 

On  all  testa  for  determining  average  candle-power  and  life  each 
paokage  which  will  be  affected  by  the  results  of  test  shall  have  at  least  one 
lamp  on  such  test. 

Accurate  recording  voltmeter  records  will  be  obtained  during  the  test 
on  lamps  to  show  the  average  variation  on  the  circuit. 

When  so  tested  the  lamps  shall  averace  at  least  the  values  for  useful  life 
given  in  the  tables  on  pages  1176  to  1178. 

(a)  TalsM  for  Oral  AncliorcA  Plate  AtaMdavA  MJghiamtf 


Lamps  of  this  type  of  voltages  106  and  below,  at  110,  120,  and  above,  and 
also  at  220,  may  nave  double  the  limits  of  variation  in  the  initial  limits 
specified  for  their  respective  classes. 

Lamps  and  other  types  of  filaments  to  give  equivalent  performances. 

For  lamps  between  120  and  125  volts,  the  weful  life  values  shall  be  95 
per  oent  of  those  given  in  the  table,  and  for  lamps  between  126  and  130  volts 
the  useful  Hfe  values  shall  be  90  per  cent  of  those  given  in  the  table. 


(5)  Talaee  for  Koaad  lialb,  Vnbalar,  mmM  other 

l^fpee  at 


The  individual  limits  for  irregular  types  of  lamps,  such  as  round  bulb 
and  tubular  lamps,  shall  be  twice  the  mdividual  hmits  given  in  the  body 
of  the  preceding  schedules  for  regular  lunps  of  oorresponcOng  candle-power. 

The  individual  limits  for  metallised  filament  and  round  bulbe  prime  types 
of  lamps  shall  be  15  per  oent  above  and  15  per  oent  bdow  the  mean  candle- 
power  rating,  and  15  per  oent  above  and  15  per  oent  below  the  mean  total 
watt  rating.  The  candle-power  ratings  referred  to  are  the  mean  horisontal 
candle-power  latingi  of  dear  lamps  without  lefleotors. 

(e)  Vmiry  Apectel  Iiaipe. 

AH  lamps  must  eonfonn  in  their  general  shape  and  form  to  drawing  No. 
7219-C,  see  Figs.  4  and  4a,  and  ovemll  dimen.«iions  must  not  be  exceectod. 


KeJectlOBit  aad  Penaltiee. 

The  failure  of  the  lamps  in  any  package  to  conform  to  the  speoificatioDs 
as  to  meehanical  and  phsrsioal  cnaracteristics,  or  to  initial  lunits,  may  cause 
the  rejection  of  the  entire  package. 

The  failure  of  the  lamps  to  give  within  90  per  cent  of  the  values  of  useful 
Hfe  given  in  the  tables  may  cause  the  cancellation  of  the  contract. 

Lamps  which  have  not  been  used  and  are  rejected  under  the  terms  of  these 
specifications  will  be  returned  to  the  manufacturer  at  his  expense,  and  no 
payment  will  be  made  therefor. 

Prompt  notice  will  be  served  upon  the  contractor  of  the  test  results  on 
lamps  that  are  rejected,  or  that  fafl  to  meet  the  specified  requirements. 
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Fio.  4.    Standard  Inoandesoent  Lamps  as  Covsred  by  U.  8. 

Navy  SpedfioatioDS. 
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DiTing'lAiitenifl  oonsist  of  a  glaas  cylinder  closed  at  Moh  end  with  a  metal 
cap,  having  the  joint  between  the  sImb  and  metal  packed  with  a  soft-rubber 
gaeket.  On  the  inside  of  odc  of  tne  caps  is  provided  a  standard  marine 
lamp-aoeket  for  150  candle-power  Incandesoent  lamp,  to  which  is  connected 
100  feet  of  twin  conductor  cable,  at  the  other  end  of  which  is  connected  a 
doable  pole  pln^  for  a  standard  marine  receptacle. 

When  first  siiBmerged  a  considerable  amount  of  moisture  is  deposited  in 
the  inside,  which  is  drawn  out  through  a  small  hole  made  water-tight  by  a 
screw  with  a  rubber  gasket. 

SearcMlrltto. 

The  requirements  of  the  standard  Navy  specifications  are : 

It  shall,  in  general,  consist  of  a  fixed  pecfestal  or  base,  surmounted  bj  a 
turntable  carrying  a  drum.  The  base  shall  contain  the  turning  mechanism 
and  the  electric  connections,  and  be  so  arranged  that  it  can  be  bolted 
securely  to  a  deck  or  platform. 

The  turntable  to  be  so  designed  that  it  can  be  rerolred  in  a  horixontal 
plane  freely  and  indefinitely  in  either  direction. 

The  drum  to  be  trunnioned  on  two  arms  bolted  to  the  turntable,  so  as  to 
hare  a  free  moTement  in  a  vertical  plane,  and  to  contain  the  lamp  and  re- 
flecting mirror.  The  drum  to  be  rotated  on  its  trunnions.  The  axis  of  the 
drum  to  be  capable  of  a  movement  of  not  less  than  70^  above  and  dffi  below 
the  horiaontal. 

The  drum  to  be  thoroughly  ventilated  and  well-balanced ;  to  be  fitted  with 
peep  sights  for  observing  the  arc  in  two  planes,  and  with  hand  holes  to  give 
access  to  the  lamp.  It  must  be  so  desisned  that  a  parabolic  mirror  can  be 
used,  and  means  for  balancing  it  must  be  provided. 

The  mirror  to  be  made  of  glass  of  the  best  quality,  free  from  flaws  and 
holes,  and  having  its  surface  ground  to  exact  dimensions,  perfectly  smooth 
and  highly  polished.  Its  back  to  be  silvered  in  the  most  durable  manner : 
the  silveru^  to  be  unaifected  by  heat.  To  be  mounted  in  a  separate  metal 
frame  lined  with  a  non-conducting  material,  in  such  a  manner  as  to  allow 
for  expansion  due  to  heat  and  to  prevent  injury  to  it  from  concussion. 

The  lamp  to  be  of  the  horisontal  carbon  type,  and  designed  for  both  hand 
and  automatic  feed.  The  feeding  of  the  carbons  must  be  effected  by  a  posi- 
tive mechanical  action,  and  not  by  spring  or  gravitation.  It  must  Dum 
quietly  and  steadily  on  a  12B-T0lt  circuit  in  series  witha  r^pUating  rheostat, 
and  shall  be  capable  of  burning  for  about  six  hours  without  renewing  the 
carbons. 

The  front  of  the  drum  to  be  provided  with  a  glass  door  composed  of  strips 
of  clear  plate  glass.  The  door  to  be  so  arrangM  that  it  can  be  put  in  place 
on  the  drum  easily  and  quickly. 

Slectiicallj  Comtrolled  JPrvJector. 

To  be  in  all  respects  similar  to  the  hand  controlled,  with  the  addition  of 
two  shunt  motors,  each  with  a  train  of  geaiv ;  one  motor  for  giving  the  ver- 
tical and  the  other  the  horizontal  movement  of  the  projector.  The  motors 
and  gears  to  be  contained  in  the  fixed  base,  and  to  be  well  protected  from 
moisture  and  mechanical  injury.  A  means  to  be  provided  for  quicklv 
throwing  out  or  in  the  motor  gears,  so  that  the  projector  can  be  operatea 
dither  by  hand  or  by  motor,  as  desired. 

The  motors  to  be  operated  by  means  of  a  compact,  light,  and  water-tight 
eontroller.  whichycan  be  located  in  any  desired  position  away  from  the  pro- 
jector. The  design  of  the  controller  to  be  sucn  that  the  moTement  of  a 
single  handle  or  fever,  in  the  direction  it  is  wished  to  cause  the  beam  of 
light  to  move,  will  cause  the  current  to  fiow  through  the  proper  motor  in  the 
proper  direction  to  produce  such  movement.  The  rapidity  of  movement  of 
the  projector  to  be  governed  by  the  extent  of  the  throw  of  the  handle  or 
lever.  A  suitable  device  to  be  included  whereby  the  movement  of  the  pro- 
jector can  be  instantly  arrested  when  so  desired. 

All  proleetors  to  be  finished  in  a  dead-black  color  throughout,  excepting 
the  workinc-parts,  which  shall  be  bright. 
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The  lamps  to  be  designed  to  prodace  the  best  results  when  taking  current 
as  follows :  18-inoh,  30  to  S5  amperes ;  24-lnoli,  40  to  50  amperes ;  30-inoh, 
70  to  80  amperes. 

The  18-inch  projector  shall  project  a  beam  of  light  of  sufficient  densitr  to 
render  plainly  discernible,  on  a  clear,  dark  night,  a  light-colored  object  10 
by  20  feet  in  sise,  at  a  distance  of  not  lees  than  4,000  yuds :  the  24-lnch  pro- 
jector, at  a  distance  of  not  less  than  6,000  yards ;  ana  the  30-inch  projector, 
at  a  distance  of  not  less  than  6,000  yards. 

The  connections  for  the  electrically  controlled  projectors  as  manufactured 
by  the  General  Electric  Company  are  shown  in  the  diagram,  Fig.  6.  The 
fields  of  the  two  training  motors  are  in  series  with  each  ower  and  connected 
across  the  125-yoU  circuit.  Both .  horizontal  and  vertical  training  can  be 
simultaneously  produced.  The  controller-handle  when  released,  is  Drought 
to  the  off  position  by  springs  and  short  circuits,  both  motor  armatures  uus 
stopping  all  movement. 

l^e  horisontal  training  motor  drives  through  a  worm  gear,  and  the  verti- 
eal  motor  through  a  revolving  nut  on  a  vertical  screw  shaft :  all  gearing 
ean  be  easily  thrown  out  for  quick  hand  control. 

The  highest  sneeds  are  360^  in  80  seconds  horixontally,  and  VJfP  in  00 
seconds  vertically.    The  motors  may  also  be  operated  at  four  lower  speeds. 

The  lamp  has  a  striking  magnet  in  series  with  the  arc  and  feedina 
magnet  in  shunt  with  the  arc.  when  the  arc  becomes  too  long,  sufHclent 
eurrent  is  forced  through  the  shunt  feeding  magnet  to  cause  it  to  make  its 
armature  vibrate  back  and  forth,  and  thus  move  the  carbons  together 
through  a  ratchet  which  turns  the  feed  screws.  The  point  at  whicn  the 
magnet  will  begin  to  feed  is  adjustable  by  means  of  a  spring  attached  to 
armature.  The  feed  screws  are  so  proportioned  that  the  positive  and 
negative  carbons  are  each  fed  together  at  the  same  rate  that  they  are  con- 
sumed, thus  keeping  the  arc  anrays  in  the  focus  of  the  mirror.  Sight 
holes  are  provided  through  which  tne  arc  may  be  watched.  A  permanent 
magnet,  fastened  to  the  inside  of  the  projector  and  surrounding  the  arc  on 
all  sides  but  the  top,  causes  the  arc  to  bum  steadily  near  the  upper  edge 
of  the  carbons  and  in  focus  with  the  mirror. 

The  rheostat  is  located  near  the  switchboard,  and  after  being  once  set 
for  proper  working  does  not  need  to  be  again  changed.  Double-pole  circuit 
breakers  are  used  at  the  switchboards  for  switches. 


The  Ardois  signals  consist  of  four  double  lanterns,  each  containing  a  red 
and  a  white  light,  which  are  hung  from  the  top  of  the  mast,  one  under  the 
other  and  several  feet  apart.  By  means  of  a  special  controller  any  number 
of  lanterns  may  have  either  their  red  or  white  lamps  liehted,  thus  produc- 
ing combinations  by  which  any  code  can  be  signaled.  The  lamps  used  are 
clear,  and  the  color  is  produced  by  having  the  upper  lens  which  forms  the 
bodv  of  the  lantern  colored  red ;  the  lower  lens  is  clear. 

Tne  controller  consists  of  eight  semi-circular  plates,  with  pieces  of  hard 
rubber  set  in  the  inner  edges  where  needed,  and  a  rotating  center  stud 
with  eight  plunger  contacts  rubbing  on  the  edffes  of  the  plates.  By  suitably 
placing  the  pieces  of  hard  rubber  for  any  gnren  position  of  the  contacts, 
axiy  desired  combination  of  lights  can  be  produced. 

The  operation  consists  in  moving  the  arm  carryius  the  contacts  to  the 
position  desired  (as  shown  by  a  pointer  on  an  indiee^ing  dial)  and  closing 
the  operating  switch,  wh^n  the  proper  lamps  will  light. 

A  later  dengn  is  provided  with  a  typewriter  keyboard,  the  depression  of 
any  key  making  the  proper  contacts  to  light  the  lamps  giving  the  combina- 
tion oorrespon<ung  to  the  character  on  the  key. 

The  truck  lights  are  lanterns  of  construction  similar  to  the  Ardois 
lanterns,  mounted,  one  on  the  top  of  both  the  fore  and  main  masts.  By 
means  of  a  special  controller  the  red  or  white  light  in  either  lantern  can  be 
lighted. 
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Fio.  t,     Dlignm  of  Ardoli  Slgnftl  tM. 
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Motore  are  kept  entirely  separate  from  li^ts  by  the  use  at  difFerent  biu* 
bars  on  the  generator  switchboard  and  distribution  boards.  Each  motor  or 
croup  of  motors  is  supplied  by  its  own  feeder  running  from  the  distribution 
board,  where  it  has  its  own  fused  switch.  A  maTJmum  drop  of  5  per  cent 
is  allowed. 

IPiitedpal  neqalreaieiftti  of  Speclflcatlana  for  Motors. 

Motors  to  be  wound  for  120  volts,  direct  current,  for  both  armature  and 
field  windines,  unless  otherwise  specified,  and  to  be  either  series,  shunt  or 
compound  wound,  according  to  worlc  they  are  to  perform. 

In  sixes  above  4  horse-power,  motors  to  be  multipolar;  4  horse-power  or 
below  ma^  be  bipolar.  Motors  to  be  as  compact  and  light  as  j^KMsible,  con- 
sistent with  strength  and  efficiency.  The  method  of  runmng  wires  to 
motors  to  be  in  all  cases  by  tapping  conduit  directly  into  the  motor  frames 
or  into  connection  boxes  attached  to  frames,  as  may  be  specified  in  each 
individual  case;  connection  boxes  for  endoeea  motors  to  be  water>tight. 

Enclosed  motors  should  be  provided  with  openingps  (4  sidfioient  sise  and 
number  to  give  easy  access  to  brush  rigging,  commutator,  and  field  coils; 
sueh  openingi  to  be  provided  with  covers  and  fastenings  oi  approved  desisn. 
The  contact  surfaces  between  these  covers  and  motor  frame  should  be  flat 
machined  surfaces,  provided  with  rubber  gaskets.  Rubber  gaskets  for  all 
water-ti^t  work  to  oe  in  accordance  with  the  Navy  standara  si^ecifications 
for  the  same  as  issued  bv  the  Bureau  of  Supplies  and  Accounts.  All  en* 
closed  motors  to  be  provided  with  drain  plugs  or  cocks  which  will  thoroui^ly 
drain  out  any  water  that  may  enter  the  motor  casing. 

The  armature  shaft  to  be  of  steel  and  strong  enough  to  resist  appreciable 
bending  under  any  condition  of  overload,  to  lutve  simcient  bearing  surfaoe 
and  to  be  efficiently  lubricated  by  i^ease  or  self-oiling  bearings,  or  sight- 
feed  oil  cups,  as  occasion  may  require.  OU  cups  to  oe  of  sise  to  anoid 
lubrication  for  at  least  eifl^t  hours.  A  satisfactory  arrangement  to  be  made 
to  prevent  oil  from  running  along  the  shaft  or  being  spilled.  Visual  oil 
sauges  to  be  provided  for  determining  the  amount  oi  oil  in  pocket  and 
dxains  for  drawing  oil  prior  to  renewal. 

To  prevent  detorioration  from  rust  and  corrosion,  bolts  for  end  brackets, 
all  boits  and  pins  one-half  inch  diameter  or  less  not  in  the  magnetic  drouit 
and  such  nuts  and  other  special  fittings  as  the  Bureau  may  direct,  wiU  be  of 
ncmoorroeive  metal,  rolled  bronse  or  its  equivalent. 

All  electrical  connections  to  be  designed  with  spedal  reference  to  the  pr«> 
vention  of  their  becoming  loose  from  vibration  or  shock.  All  connections 
liable  to  become  loose  by  vibration  are  to  be  provided  with  approved  effident 
locking  devices. 

All  connecting  pieces  and  other  current-carrying  parts  to  be  so  propor- 
tioned that  no  undue  heating  will  occur  when  they  are  worked  under  the 
severest  possible  conditions. 

Ail  the  field  poles  to  be  equally  energised.  In  compound  motors,  series 
and  shunt  windings  to  be  separate.  The  windings  of  armature  and  field  to 
be  well  protected  from  mechanical  injury,  and  to  be  painted  with  water- 
excluding  material  not  soluble  in  oil  or  grease.  No  insulating  substances 
Co  be  used  that  can  be  injured  by  a  temperature  of  100  degrees  C. 

The  armature  to  be  of  the  ironclad  type,  built  up  of  thin  laminated  disks 
of  soft  iron  or  steel  of  the  very  best  quality,  having  the  spaces  between  the 
teeth  pimched  out  of  each  separate  disk  and  not  milled  after  sssembly. 

The  disks  to  be  properly  insulated  from  each  other.  The  coils  to  be  praf- 
erably  of  the  removable  type,  and  to  be  retained  in  slots  of  the  armature 
body  by  maple  wedges  running  full  leni^h  of  armature,  or  other  approved 
method.  No  more  than  three  band  wires  under  poles  wiU  be  accepted. 
Band  wires  must  be  of  nonmagnetic  material.  The  armature  to  be  electri- 
cally and  mechanically  balanced.  The  winding  at  pulley  end  to  be  pro- 
tected from  oil  in  an  approved  manner.  The  commutator  segments  to  be 
of  pure  copper,  hard-drawn  or  drop-forged  and  tempered.  The  segments  to 
be  of  ample  depth  and  insulated  from  each  other  and  the  shdl  by  pure  mica 
of  sueh  quality  as  to  secure  even  wear  with  the  copper. 
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Brushes  to  be  of  carbon;  current  density  in  brushes  most  always  be 
given  and  should  be  in  aooordanoe  with  the  best  practtoe.  Special  atten- 
tion must  be  given  to  the  selection  of  brushes,  that  their  material  inay  bs 
homogmeous  and  Uie  quality  such  as  to  give  perfect  oommutation  witbool 
cutting,  scrat<^nK,  or  smearing  the  commutator.  Brush  holden  to  be 
readily  accessible  for  adjaitment  and  renewal  of  brushes  and  springs;  to  be 
entirely  cxf  noncorrosive  metal  and  of  the  sliding  shunt-sooket  type,  in  which 
the  brush  slides  in  the  holder  and  is  provided  with  a  flexible  oonneetaoa 
between  brush  and  holder.  The  springs  are  to  be  phosphor-bronaa  aad 
shall  not  be  depended  on  to  carry  current.  Brush  holdere  on  all  moton  to 
be  adjustable  for  tension,  and  on  motors  of  five-horse-power  and  aborre  to 
be  adjustable  for  tension  vriihout  tools,  and  so  constructed  as  to  pennit  of 

S roper  staggering  of  brushes.  Brush  holders  for  nonrevwalble  moton  of 
ve-horse-power  and  above  to  be  simultaneously  adjustable  for  position. 
Proper  position  of  rocker  arm  to  be  plainly  marked.  This  pontiOB  for 
reverribie  motors  to  0ve  same  speed  in  either  direotioii. 


Gontraotors  are  required  to  afford  faoUities  for  tnapeotioii  of 
during  manufacture,  u  required. 

Individual  motors  or  small  lots  will  be  tested  at  the  point  of  deiiwry.  boi 
all  large  lots  of  materials  to  be  shipped  to  distant  points  will  be  tested  at  the 
works  <A  the  manufacturer.  The  contractor  will  provide  all  faoititieB,  aai 
have  all  the  required  tests  made  in  the  presence  of  an  authorised  inapeetor. 

The  contractor  will  present  a  certified  record  of  such  tests  with  the  deliv- 
ery.   The  tests  to  cover  the  following  points: 

(a)  A4|wstmen«  and  Wit  of  iNarto.  —  The  inspeetor  to  see  that  the 
materials  and  workmanship  of  all  parts  of  the  machine  are  of  the  bert 
qualityand  satisfactonr  in  eveiy  respect. 

(b)  iHecbaiiical  Mtreacw* — The  base,  bearings,  shaft  armature,  field 
magnets,  and  other  main  parts  should  not  spring  with  any  reasonable  fores 
that  may  be  applied  to  them.  The  strength  to  resist  strains  due  to  een- 
trif ugal  force  to  be  tested  by  running  armature  without  load  for  30  minatts 
at  double  its  rated  speed  for  shunt  motors  and  four  times  full  load  apmi 
for  series  motors. 

(c)  Balance.  —  The  perfection  of  balance  of  the  armature  to  be  tested 
by  nmning  the  motor  at  its  normal  speed,  at  whidi  speed  the  motor  mast 
not  show  the  slii^test  vibration. 

((f)  IVoise.  —  The  motor  to  run  at  its  full-rated  speed  and  load  withoot 
noise. 

(e)  Sparkinc*  —  Open  motora  to  run  without  sparkinf  from  no  load  to 
full  load  without  shifting  the  brushes  and  under  aU  conditions  of  full  and 
weak  field  when  field  regulation  is  used.  Enclosed  moton  to  25  per  cent 
overload. 

(/)  'Faiiatloa  of  0peed«  —  For  shunt- wound  motors  the  variata<m  la 
speed  from  no  load  to  fuli  load  shall  not  be  more  than  12  per  oent  in  motias 
of  less  than  five-horse-power  and  not  more  than  9  per  oent  in  motors  of  five- 
horse-power  Mid  above.  Series  and  compound  wound  motma  to  make  at 
rated  outputs  their  rated  speeds.  The  motor  should  be  designed  to  obtain 
its  rated  speed  when  hot,  with  atmospheric  temperature  of  approximately 
25  degrees  C.,  and  the  speed  actually  obtained  on  test  at  the  end  of  the 
heat  run  must  be  within  4  per  cent  of  the  rated.  The  variation  in  speed 
due  to  heating  shall  not  exceed  10  per  cent. 

(a)  dielectric  Atreaa*tlt.  —  The  test  for  dielectrio  strength  to  be  made 
witn  a  praesure  of  1,500  volts  alternating  E.M.F.  for  60  seconds,  tested  with 
a  generator  or  transformer  of  at  least  5-kilowatt  capacity.  The  insulattoa 
lenstanoe  between  windings  and  frame  to  be  at  least  one  megohm  measured 
with  5(X)  volts  direct  current.  ^  , , 

(A)  Heatlnir*  —  The  rise  of  temperature  of  the  field  wmdincs  above  tie 
surrounding  air  is  to  be  measured  by  the  resistanoe  method  aeeordini^  to 
the  rules  and  coeCEdents  adopted  by  the  American  Institute  of  Eleetrwal 
Engineers,  appended.  The  rise  of  temperature  of  all  other  parts  to  be  by 
thermometer.  The  temperature  of  the  nxun  is  to  be  read  from  thcrmo* 
meten*  oonditions  of  ventilation  being  normal. 
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The  following  are  the  maximum  temperature  rises  allowed: 

i.i)  Open-type  motors  designee!  for  continuous  work,  eight  hours*  run 
with  a  rise  of  — 

Ck>mmutator,  40  degrees  C. 
Field  winding,  40  decrees  C. 
All  other  parts,  35  degrees  C. 
(ii)  Enclosed  motors  designed  for  continuous  work,  dght  hours*  run 
with  a  rise  of  — 

Commutator,  60  degrees  C. 
Field  winding,  50  d^jees  C. 
All  other  parts,  45  degrees  C. 
(iii)  Intermittent-running  motors  will  have  heating  limit  and  length  of 
heat-run  separately  specified  for  each  case. 

The  temperature  rise  of  bearinos  shall  in  no  case  exceed  35  degrees  C. 

(t)  Sfletemej* —  Motors  must  have  the  highest  commercial  efficiency 
for  their  size  and  speed.  £2ach  contractor  must  state  weight  and  efficiency 
of  motors  at  one-quarter,  one-half,  three-quarters,  and  full  load.  Prefer- 
ence will  be  given  to  lightest  weight  and  best  efficiency  consistent  with 
good  design  and  the  specific  requirements.  When  thorough  reliability  and 
freedom  from  danger  of  breakdown  are  the  prime  requisites,  as  for  turret- 
tuminjg  motors,  boat-crane  motors,  etc.,  the  maximum  efficiency  will  not 
be  insisted  on. 

(k)  IiabrlCAtloii*  —  The  inspector  will  see  that  oil  cups  and  wells  of 
the  8i)ecified  capacity  are  provided  and  that  all  the  necessary  provisions 
sue  Qutde  for  the  supply  and  drainage  of  oil  without  injury  to  the  electrical 
parts. 

Eleotrio  brakes,  solenoids,  etc..  to  stand  the  same  heat  and  insulation 
test  as  the  apparatus  to  which  tney  are  attached.  All  spare  parts  to  be 
subjected  to  the  same  tests  as  originals. 

Most  intermittent  running  motors,  such  as  boat  crane,  deck  winch,  turret 
turning,  etc.,  have  the  following  heat  tests: 

Each  motor  shall  be  tested  at  the  works  of  the  maker  by  running  for  a 
oontinuous  period  of  one  hour  at  120  volts  at  its  rated  output  and  speed, 
^without  increasing  the  temperature  of  the  series  field  windings  more  than 
70  d^^rees  C,  the  shunt  field  windings  50  degrees  C,  the  commutator  65 
degrees  C,  the  aimature  or  any  other  part  00  d^^rees  C.  above  the  sur- 
rounding air. 

.Principal  ]fteqalreiii«iito  for  Coatrollingr  Panels. 

Controlling  panels  for  installation  in  locations  not  exposed  to  the  action 
of  water  outside  oif  ammunition  passages,  handling  rooms,  etc.,  where 
powder  is  handled,  may  be  of  the  nonflame-proof  type,  in  accordance  with 
the  following  si>ecifications: 

The  panel  to  consist  of  a  suitable  insulating  slate  base  with  black  polish 
finish,  carrying  a  double  pole  main-line  knife  switch  with  enclosed  indicating 
fuses,  a  starting  arm  with  automatic  no-voltage  release  and  overload  cir- 
cuit breaker  ana  the  necessary  resistances  mounted  at  the  back.  A  double 
pole  circtut  breaker  with  independently  operating  arms  may  be  substi- 
tuted for  the  line  switch  if  desired.  On  panels  where  speed  control  by 
field  resistance  is  required,  suitable  rheostat  connections  are  to  be  pro- 
vided, giving  ample  number  of  steps  to  secure  smooth  control  and  accurate 
adjustment,  and  must  be  a  separate  multipoint  switch  so  arranged  that 
the  motor  cannot  be  started  on  weak  field.  On  panels  where  speed  con- 
trol by  armature  resistance  is  required,  the  starting  arm  must  be  so  con- 
structed that  it  will  stay  only  on  the  contacts  designed  for  continuous 
running. 

For  motors  requiring  more  than  60  amperes  of  current^  the  starting  arm 
must  not  be  r^ied  upon  to  carry  the  current  in  the  running  position.  The 
starting  resistance  must  not  be  left  in  series  with  the  fiela  on  the  running 
poeition ;  connections  to  be  such  that  there  shall  be  no  disruptive  discharge 
of  the  field  on  opening  the  circuit,  either  by  opening  the  main-line  switch, 
or  by  forcing  the  starting  arm  to  tne  off  position,  and  provision  to  be  made 
to  prevent  ardng  on  the  initial  starting  contact.  Panel  to  be  so  connected 
that  it  shall  be  impossible  to  have  full  voltage  on  the  field  with  the  starling 
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ann  in  the  off  pooitioii.  Gare  should  be  takoo  in  the  deaicn  of 
to  see  that  there  is  no  interference  between  operatinc  parts,  aueh  as  Im 
switch,  when  opened,  and  starting  arm.  All  macneC  ooils  and  all  onatsd 
parts  carrying  currents  must  be  renewable  from  the  face  of  the  pann  witb- 
out  disturbing  any  of  the  rear  connections.  Panel  to  be  mountad  an  a 
rigid  box  metal  frame,  with  the  top  and  bottom  of  solid  sheet  metal  sad 
'the  sides  (if  so  desired)  of  perforated  metal,  which  must  extend  the  kagil^ 
and  breadth  of  the  slate  and  which  must  protect  the  conneetione  and  parti 
back  of  the  panel:  suitable  Iu^b  or  extensions  to  be  provided  for  aupbort- 
ing  the  frame,  mnged  doors  with  composition  lock  and  duplicate  mm 
shall  be  provided  over  the  face  of  the  panel.  No  part  on  the  ffaee  of  wt 
panel  is  to  project  beyond  the  edge  of  the  pand. 

The  automatic  no-voltaf(e  rdease  must  operate  and  either  bcuig  the 
starting  arm  to  the  off  position  or  open  the  arcuit  breaker  upon  failore  of 
voltage.  The  winding  of  the  no-voltaae  release  magnet 
put  in  series  with  either  the  field  winmng  or  armature 
automatic  overioad  releeae  must  be  of  the  nature  of  an  _ 

operated  circuit  breaker,  having  the  rdeeae  mechanism  operated  by  a 
tive  hammer  blow,  delivered  by  a  core  or  armature 


, _^  _   __  moved  *gr^— ♦  the 

action  of  gravity,  and  must  have  its  own  independent  oontaots  for 
the  armature  circuit;  Mid  it  should  open  the  circuit  in  eaae  of  c 
under  any  condition,  i.e.,  during  ordinary  running,  during  the  aet  of 
ing  the  motor,  or  if  the  starting  arm  should  become  struek  on  any  startiac 
pomt  and  the  current  then  switched  on  from  the  outside.  For  motoci 
having  a  rated  full  load  current  of  50  amperes  or  less,  the  overioad  relsHB 
may  be  of  the  intertoddng  type,  in  which  case  it  must  be  so  intcreoBneeftsd 
with  the  starting  arm  that  it  cannot  be  dosed  with  the  atarting 
any  but  the  off  position.  FV>r  motors  requiring  more  than  50  am] 
sinide  or  double  pole  drouit  breaker  entirdy  separate  from  the  - 
arm  mu^t  be  used.  An  overload  device  which  operates  by  short- 
or  opening  the  circuit  of  the  retaining  magnet  of  the  no>vMtace  r 
under  no  conditions  be  accepted.  The  overioad  devioe  is  to  be  provided 
with  renewable  ardng  contacts  of  carbon,  to  be  adjustable  and  provided 
with  a  scale  graduated  from  normal  current  to  100  per  cent  overioad  to 
fadlitate  adjustment  to  the  desired  number  of  amperes,  and  to  be  able  lo 
can^  a  current  of  50  per  cent  in  excess  of  the  rated  full-load  nK>tor  enrreDft 
oontinuoudy  without  undue  heating.  The  tripping  deviee  most  be  afals  to 
withstand  severe  shock  without  opening. 

The  insulating  material  used  on  the  pand  must  be  noneombostible,  non- 
absorbent,  and  not  damageable  by  moisture  or  by  heating  to  a  tempera- 
ture  of  150  degrees  C.  The  frame  of  the  pand  is  to  be  insolated  from  tie 
hull  of  the  ship.  AU  pands  are  to  pass  the  same  didectric  and  f'miTTtr* 
tests  as  the  motors  for  iduch  they  are  supplied. 

AU  windings  of  magnet  coils  are  to  be  run  throudh  an  insulatiag 

and  the  outsiae  of  the  coils  to  be  weU  varnished  ana  taped.     When 

oudy  in  dreuit,  the  temperature    rise  of  these  coils  must  not   be 

than  40  degrees  G.  above  surrounding  atmosi^ere,   meaaoied   by  thsi^ 
mometer  placed  on  the  coil. 

The  main  operating  springs  for  the  no-voltage  rdease  and  the  oietlsad 
drouit  breaker  must  be  amply  strong  to  prevent  any  stieidnc  after  tts 
appliance  has  become  worn  or  roufdiened.  All  flat  springs  are  to  be  of 
phosphor-bronse  and  all  hdical  sprinipi  of  copper>plated  sted.  All  eoa- 
taots  to  be  easily  renewable  from  the  face  of  the  pand.  The  eircmt  is  not 
to  be  opened  on  the  rheostat  contacts,  and  spedal  anamgemeata  to  ts 
made  for  opening  the  dreuit  and  rupturing  the  are  independent  of 
contacts.  All  sliding  brushes  to  be  easilv  renewable  and  of  the  t 
ing,  sdf-adjusting  type,  and  able  to  ride  over  any  projeetioDB 
one-dxteenth  of  an  inch  above  the  contact  segments. 

AU  operating  parts  to  be  strong  and  very  substantial;  thin  iihfs^l  uKtsI 
stamptn0B  are  not  to  be  employed.  All  sudi  operating  parts  wliicb  esiiT 
current  to  be  copper  or  composition.  Where  the  employment  of  ■^■rHir'*^ 
metal  is  necessary  for  magnetic  purposes  thdr  surfaces  shall  be  thoroapUr 
protected  against  oxidation  by  copper-plating.  Where  used  for  other  par- 
poses  to  be  very  heavily  coated  with  a  nonvitreous  enamd.  The  eoalect 
points  to  be  of  composition  or  copper,  ample  in  dae  and  weD  fitted  oe  the 
surface  and  easily  renewable.  Paneb  should  be  as  smaB  and  fight 
dble,  consistent  with  other  requirements. 
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An  nristsnoes  and  aU  imnilation  used  on  them  and  their  oonnaotinc 
wiree  muat  be  nonoorabustible,  and  the  connecting  wires  must  be  capable  of 
eairying  their  full  current  under  all  conditions  of  test  and  operation  without 
becoming  dangerously  hot.  All  resistances  to  be  of  the  unit  tvi>e,  so  con- 
structed and  installed  that  they  may  be  easily  replaced  and  the  whole 
rheostat  rsadily  removed  from  we  casing.  The  method  of  mounting  and 
insulating  the  resistances  is  to  be  such  that  the  result  of  a  bum-oftt 
would  be  prBctically  the  same  as  would  occur  with  an  entirely  enclosed 
resistance,  and  no  resiBtance  is  to  be  used  until  a  sample  has  been  submitted 
to  the  Bureau  for  test  and  approval.  The  capacity  of  all  controlling  panel 
resistances  must  be  obtained  without  |dacinfr  the  coils  in  paralld  wiu  each 
other,  unless  each  is  capable  of  carrying  f  ufl-tine  voltage.  Starting  resist- 
ances whfloi  oold  must  be  capable  of  carrying  50  per  cent  overloaa  in  cur- 
rent for  one  minute,  and  100  per  cent  overload  for  twenty  seconds.  Incan- 
descent lamjps  or  carbon  shall  not  be  used  as  resistance.  Resistances  must 
be  mountea  at  the  back  of  the  pand  upon  the  supporting  frame,  and  not 
directly  on  the  panel,  for  motors  having  a  rated  full  load  current  over  60 
amperes.  For  motors  requiring  50  amperes  or  less,  the  resistanoe  may  be 
supported  from  the  back  of  the  panel  by  suitable  brackets,  if  desired. 

Water-tight,  flame-proof  panels  will  be  used  as  directed  in  locations 
creatly  exposed  to  moisture  and  where  powder  is  handled,  as  ammunition 
passages,  handling  rooms,  etc.  They  will,  in  general,  consist  of  a  cast  metal, 
water-tight,  flame-proof  case  containing  the  necessary  resistances,  con- 
nections, and  operating  parts,  which  must  be  controlled  from  without  by 
means  of  rods  or  leveis  passing  throu^  approved  stuffing  boxes.  The 
panels  must  contain  within  the  casing  at  least  the  following  parts:  Resist- 
ances, circuit  breaker  or  overload  release,  no-voltage  release,  reversing 
switch  (when  required),  starting  arm  and  contacts,  and  the  necessary  field 
oontacts  when  necessary  for  variable  speed  motors.  They  will  conform  to 
the  retiuirements  for  nonflame-proof  panels  as  retards  connections^  capacity 
of  resistanoe,  construction  of  overload  and  no-voltage  release,  spnngB.  con- 
tacts, etc.,  but  such  deviations  from  these  requirements  as  may  be  absolutely 
necessary  to  simplify  the  construction  of  the  panel  and  reduce  its  sise  and 


H|dit  to  a  minimum  will  be  considered. 

The  panel  will  be  provided  with  suitable  removable  covers  provided  with 
damping  devices  of  approved  construction,  made  water-ti^t  by  means  of 
rubber  gaskets,  which  will  permit  easy  access  to  the  interior.  It  must  be 
strong  and  substantial  in  design,  but  m  lightest  weight  and  smallest  dimen- 
sions consistent  with  other  requirements.  Sidtable  bosses  for  tapping 
conduit  into  casing  to  be  supplied,  the  casing  to  be  drilled  and  tapped  after 
delivery.  The  camng  is  to  be  sufficiently  water-tight  to  permit  of  immer- 
sion without  leakage.  Noncorrosive  metal  requirements  will  be  strictly 
adhered  to,  and  all  operating  levers  passing  through  stuffing  boxes  will  be 
of  (»mpositaon. 

Tarrct-Tanatnc  C(«ar. 

The  following  are  the  requirements  of  turret  control: 

Fint.  Turrets  to  be  able  to  be  turned  at  a  mnimum  rate  of  100  degrees 
per  minute,  and  at  a  mimmum  rate  not  exceeding  one-fourth  of  a  degree 
per  minute,  as  large  a  number  of  speeds  as  possible  (not  less  than  50)  to  be 
provided  between  the  limits  of  onchf ourth  and  22  degrees  per  minute  and  a 
sufficient  number  of  speeds  between  22  and  1(X)  degrees  per  minute  to  per- 
mit of  smooth  and  easy  acceleration.  The  total  numbw*  of  speeds  to  be 
not  less  than  70. 

Second.  Turret  to  be  capable  of  acceleration  at  such  rate  that  it  can 
be  started  from  rest  and  brought  to  its  full  speed  of  100  degreea  per  minute 
in  ten  seconds  oi  time,  and  while  turning  at  its  fuU  speed  of  100  degrees  per 
minute  to  be  able  to  be  stopped  in  five  seconds  of  time. 

Third.  At  all  speeds  between  and  including  one-fourth  and  100  degrees 
the  turret  is  to  turn  continuously  throu^^out  the  arc  of  train  on  each  con- 
troller position  with  practi<»lly  no  variation  in  speed  due  to  increased  load 
on  the  motors  caused  by  allowable  irregularities  in  track,  gearing,  etc. 

Fourth.  Turret  to  be  able  to  be  started  and  stoi>pecr  ten  consecutive 
times  without  turning  throufj^  a  total  arc  of  train  greater  than  five 
minutes. 
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Tbeire  are  four  different  systems  in  use  at  present: 

1.  Ward-Leonard  System. 

2.  Rotary  Compensator  System. 

3.  Differential  Gear  System. 

4.  Mechanical  Speed  Qear. 

1.  The  Ward-Leonard  Ssmtern  was  used  on  the  first  eleotriealhr  operated 
turrets  in  the  Navy.  The  actual  connections  and  elementary  aiacram  oC 
the  installation  on  the  "  Illinois  "  are  shown  in  Fi^.  2. 

The  motors  are  shunt  wound,  and  have  the  fields  constantly  aepaiwfeely 
excited  from  the  bus-bars  of  the  ship's  power  system.  A  separat«  aeneimtor 
is  required  which  cannot  be  used  for  any  other  purpose  when  usadwith  the 
turret.  The  generator  is  also  separately  ezdted  from  the  power  bus-ban. 
but  a  variable  rheostat,  located  in  the  turret,  is  connected  in  the  shunl- 
fidd  circuit.  The  brushes  of  the  motor  are  directly  conneoted  to  the 
brushes  of  the  generator,  and  the  generator  is  kept  running  at  constant 
speed  by  its  driving-engine.  It  is  now  evident  that  by  varying  the  rheoetat 
in  the  turret,  the  field  excitation,  and  consequently  the  voltage  produced 
by  the  generator,  will  be  varied;  and  any  variation  in  the  voltage  of  the 
generator  will  produce  a  corresponding  variation  in  the  speed  of  the  motor, 
which  has  a  constant  fidd  from  separate  excitation.  The  direotion  of  rota- 
tion of  the  motor  is  reversed  b^  reversing  the  leads  to  the  armature.  The 
actual  connections  for  the  apphcation  of  the  above  principles  are  ahown  ia 
the  main  part  c^  the  diagram.  Generator  No.  4  is  shown  connaeted  for 
operating  the  af  ter^turret. 

Closing  the  af  tei^turret  field  switch  and  the  center  blades  of  the  geneiatar 
field  switch  separately  excites  the  fields  of  the  motors  and  generator  from 
the  power  bus-bars.  The  regular  field  rheostat  of  the  generator  is  entirely 
disconnected,  and  a  rheostat  located  in  the  turret  and  operated  by  the  tor> 
ret-tuming  controller  is  used  instead. 

Closing  the  positive  and  negative  single-pole  switches  on  the  af  ter-currat 
bus-bars  connects  the  generator  armature  to  the  motor  armatures,  through 
a  circuit  breaker,  the  reversing  contacts  of  the  controller,  and  aepaiate 
armature  switches  for  each  of  the  two  motors,  which  are  operated  in 
parallel. 

The  controller  has  one  shaft,  at  the  top  of  which  are  located  the  con- 
nections for  the  generator  field  rheostat,  so  arranged  that  as  the  controikr 
is  turned  either  way  from  the  off  position  the  rheostat  is  gradually  out  out: 
below  are  located  the  reversing  contacts,  which  reverse  the  ooanectkns 
between  the  generator  armature  and  the  motor  armatures;  these  ooDtads 
are  so  arrani^  that  at  the  off  position  the  motor  armatures  are  entiretr 
disconnected  from  the  generator,  and  are  short-drouited  through  a  low 
resistance  callcKl  the  ''Brake  resistance."  The  effect  of  this  brute  resist* 
ance  is  to  bring  the  turret  to  a  quick  stop  when  the  controller  ia  broo^t 
to  the  off  position,  as  the  motor  armatures  revolving  in  a  separately  exdted 
field  generate  a  large  current,  which  passes  through  the  braking  resvt- 
ance,  and  thus  absorbs  the  kinetic  energy  of  the  turret,  giving  a  quick  and 
smooth  stop.  In  parallel  with  each  ex  the  large  nuun  fin^^ers  dF  the  re- 
versing contacts  is  a  smiA  auxiliary  finger  and  an  auxibary  resistaaos 
connected  to  it.  This  auxiliary  finger  makes  contact  a  little  before  and 
breaks  it  a  little  after  the  main  finger,  and  thus  reduces  the  sparidag- 
The  controller  is  also  provided  with  a  magnetic  blow-out  for  reducing 
sparking  at  contacts. 

When  used  on  Ukis  svstem  for  operating  a  turret  the  generator  haa  its 
series  coil  short-circuited  by  a  very  low  resistance  shunt,  so  that  it  has  v«7 
little  effect  on  the  field  exdtation,  but  this  resistanee  is  so  proportioDeo 
that  enough  of  the  total  current  generated  by  the  generator  will  pass  throogib 


make  the  starting  of  the  turret  very  sluggish  and  irregular,  and  prevtats 
very  fine  training  from  bdng  obtained. 

It  is  seen  that  the  above-described  arrangement  requires  a  aeparate  geo- 
erator  for  each  turret,  and  while  operating  a  turret  no  power  can  be  taltCB 
from  the  generator  for  any  other  purpose.  The  first  ships  to  use  eieetrie 
turning  gear  had  only  two  turrets,  and  two  generators  can  eaaily  be  aflowed 
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for  turrvt  turnmc;  but  on  the  Iat«8t  ships  six  turrets  are  used,  and  it  is 
v«y  UDdesirabJe  to  allow  six  Keneraton  for  this  purpose.  To  overcome 
this  objection  the  Ward-Leonard  method  at  oontrol  is  obtained  by  means 
of  a  motor  generator  located  at  each  turret,  all  of  which  take  power  directly 
from  the  nudn  bus-bars  of  the  dynamo  room,  thus  matenally  reducing 
the  required  generator  capacity.  An  elementary  dla^pram  of  the  arrange- 
ment is  shown  in  Fig.  7.  It  wdl  be  noted  by  comparison  with  Fig.  2,  tmit 
onlv  two  instead  of  five  wires  have  to  be  run  from  the  dynamo  room  to 
each  turret. 

The  Ward-Leonanl  system  will  not  give  the  large  range  and  low  speeds 
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Fio.  7.     Diagram  of  Motor  Generator  on  Turret-Turning  System. 


now  required  by  the  Navy  Department  and  therefore  the  other  abov^ 
mentioned  systems  have  been  devised. 

2.  The  Rotarv  Ck>mpensator  System  is  shown  in  Fig.  8.  A  and  B  are 
the  armatures  of  a  motor  generator  balance  set,  called  a  Rotary  Comi>en- 
aator  Set.  !•  is  a  large  shunt  motor  geared  directly  to  the  turret.  S  is  a 
small  shunt  motor  the  shaft  of  which  carries  a  worm,  Wl,  working  in  a 
worm  wheel,  W2,  mounted  on  the  shaft  of  L.  This  worm  wheel  is  pro- 
vided with  a  magnetic  clutch  D  so  that  it  can  turn  freely  on  the  shaft  (x  L, 
or  be  held  to  it.  G  is  a  contact  in  the  controller  which  opens  one  side  of 
the  armature  oireuit  of  L.  R  is  a  field  rheostat  for  A  and  B^and  is  operated 
by  theoontroUer.  With  the  connections  as  drawn  in  the  dianam,  B  has  a 
Weak  field  and  a  low  voltage,  thus  driving  8  at  a  low  speed;  a  ia  driving  L 
throu^  the  magnetic  dutch  and  worm  gear  and  thus  turning  the  turret 
at  a  very  low  speed;  Cis  oi>en,  so  L  turns  freely,  and  does  no  work.  As  the 
oontroUer  is  turned  R  is  gradually  inserted  in  the  field  of  B,  thus  increasing 
the^ voltage  and  increasing  the  speed  of  S.  When  B  has  full  field  the  mag- 
netic dutoh  is  opened  and  C  is  closed,  thus  transferring  the  load  from  S  to 
L  and  permitting  S  to  run  free.  At  this  time  A  has  weak  field  and  supplies 
»  to^^ltaw  toX,  and  further  movement  of  the  controller  brings  the  arm  of 
R  back  to  the  first  position,  thus  increasing  the  voltage  of  A  and  the  speed 
of  L,  untu  A  has  full  field  and  the  turret  is  turned  at  full  speed.  At  the 
period  of  transition  when  the  load  Is  shifted  from  S  to  L  it  is  necessary  that 
the  ratio  of  the  speeds  of  S  and  L  shall  be  the  same  as  the  ratio  of  the 
worm  ^psaxing  by  which  S  drives  L,  so  that  the  transfer  will  be  made  smoothly 
and  without  shock  or  change  in  speed  of  turret.  In  shutting  down  the 
above  actions  occur  in  reverse  order.  Reversing  is  accomplished  by  rever- 
sing the  armature  loads  of  the  two  motors,  and  in  the  off  position 
the  armature  of  L  is  short-dreuited  to  produce  a  braking  effect:  these  results 
are  accomplished  bv  controller  contacts  similar  to  those  for  Ward-Leonard 
System  as  per  Fig.  2.    This  ssmtem  is  made  by  the  Qmieral  Eleotrio  Company. 
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Fig.  8.    Rotary  Compensator  Turret-Turning  SyBtem. 

3.  The  Differential  Oear  System  is  shown  in  Fig.  9.  L  and  8  are  respect- 
ively large  and  small  shunt  motors  nmning  continuously  on  the  suppbr 
main,  "niey  are  both  directly  geared  to  a  differential  gear  which  is  so  pro- 
portioned  that  with  L  running  at  full  speed  and  S  at  weak  field  the  shaft 
A  will  stand  stiU*  but  any  change  in  their  relative  speeds  will  cause  A  to 
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FiQ.  9.    Differential  Oear  Turret-Turning  Ssrstem. 


rotate  at  a  speed  proportioned  to  the  relative  change.  This  chazige  is 
relative  speed  is  produced  bv  the  field  rheostats  Rl  and  R2  whicE  are 
operated  by  the  controller,  and  first  decrease  the  speed  of  S  by  strengtheoiaff 
its  field,  and  then  increase  the  speed  of  L  by  weakening  its  firid,  thus  ipvisK 
<^e  full  speed  range  of  the  turret.  The  shaft  A  is  seared  to  the  turret 
through  the  geaxs  GI  and  G2,  each  of  which  is  provided  with  a  magnelk 
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•Iut<&  Gl  and  C2.  G2  is  geared  direct,  and  Gl  through  a  reverse  gear, 
thus  aooomplishing  the  reversing  of  the  turret  motion.  The  niagnetio 
dutohee  are  operated  by  oontaots  on  the  controllers.  This  system  is  made 
by  The  Cutler-Hammer  Manufacturing  Ck>mpany. 

4.  The  Mechanical  Speed  Gear  System  uses  a  continuously  running,  con* 
etant  speed,  shunt  motor  geared  to  the  turret  through  the  speed  gear.  The 
speed  gear  consists  of  a  variable  volume  oil  pump  and  an  oil  motor  mounted 
in  a  common  casing  and  provided  with  mechanical  means  for  varying  the 
volume  of  oil  delivered  by  the  pumpper  revolution  and  its  direction  of 
flow.     The  speed  gear  is  made  by  the  Waterbury  Tool  Company. 

In  all  the  above  systems  two  sets  of  motors  are  usually  provided  and 
arranged  so  that  by  means  of  switches  either  set  may  be  out  out  and  the 
tairet  operated  by  one  set.  Turrets  carrying  two  12-inch  guns  usually 
have  two  25-hoise-power  main  motors,  and  clinch  turrets  two  15-hors»> 
power  motors. 
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Guns  of  8-inch  and  over  are  elevated  and  rammed  by  power;  smaller  guns 
have  hand  gear. 

Three  kinds  of  elevating  gears  are  in  use: 

1.  Plain  rheostat  control  with  series  motor. 

2.  Ward-Leonard  control. 

3.  Mechanical  speed  changing  gear  with  constant  speed,  shunt  motor. 

Rheoetatic  control  with  series  motor  as  used  in  the  first  vessels  does  not 
give  sufficiently  close  and  even  control.  A  24-horBe-power,  300  r.p.m. 
motor  with  i^am  drum-reversing;  controller  is  used. 

Ward-Leonard  control  as  used  is  similar  to  that  used  for  turret  turning 
as  shown  in  Fig.  7.  The  control  obtained  is  quite  satisfactory,  but  the 
complication  is  objectionable  and  there  is  not  suitable  space  available  in 
the  turrets  for  the  motor  generators.  Ten  horse-power  elevating  motors 
and  eight  K.W.  motor  generators  are  used. 

The  latest  vessels  are  using  constant  speed  shunt  motors  and  obtaining 
the  control  by  means  of  mechanical  speed  gears  as  described  above  for 
turret  turning. 

RammeiB  consist  of  a  telescopic  tube  worked  throu^  spur  and  chain- 
fSeaiing  by  a  5  H.P.,  775  r.p.m.  series  motor.  A  friction  slip  clutch  is 
inserted  in  the  gearing  to  prevent  damage  when  the  shell  seats  itself  in  the 
breech.     Ordinary  rheoetatic  control  is  used. 

When  ramming  a  shell  but  little  power  is  required,  as  the  shell  slides 
along  the  breech,  out  as  it  is  being  forced  to  its  seat  at  the  end  of  the  breech 
chamoer  a  sudden  rush  of  current  of  from  two  to  three  times  the  full-load 
eurrent  of  the  motor  is  produced. 

ABOmifflTIOlV  HOISTS. 

Power  ammunition  hoists  are  of  two  kinds:  first,  those  in  which  a  car 
or  cage  is  hoisted  up  and  down  b^  a  line  wound  on  a  drum  on  the  motor 
counter-shaft;  and  second,  those  m  which  the  motor  runs  an  endless  chain 
provided  with  toes  or  buckets  on  which  the  ammunition  is  placed  and  con- 
veyed up  throui^  a  trunk. 

Hototo  for  19-teclt  mmI  la-iacb  AaiBiBBltlOB. 

These  hoists  are  of  the  first  kind.  The  motor  frame  is  provided  with 
bearings  for  a  counter-shaft,  geared  by  a  spur^gear  and  pinion  to  the  arma- 
ture shaft;  on  the  counter-shaft  is  mounted  a  grooved  drum  for  the  hoist- 
ing-cable. 

On  the  armature  shaft  is  mounted  a  solenoid  band-brake.  The  cores  of 
the  solenoid  are  weighted  and  attached  to  the  brake-setting  lever  so  that 
when  free  their  weight  is  sufficient  to  hold  the  loaded  car  from  falling; 
when  the  solenoids  are  energised  the  cores  are  drawn  up  and  the  brake  re- 
leased. 

The  controller  is  constructed  so  that  on  the  off  position  the  solenoids  are 
not  energised  and  the  brake  is  set;  but  at  all  other  points,  both  hoisting  and 
ktwerinCt  the  solenoids  are  energised  and  the  brake  released. 
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Shunt  motora  are  used,  and  the  control  for  hoiBting  ia  ordinary  riMoetntie; 
the  resiatanoe  beinc  put  in  series  with  the  armature  and  gradually  cut  osA, 
the  field  is  alwavs  constantly  excited  as  soon  as  the  feeder-switoh  is  ihairi 
For  lowering,  the  entire  rheostat  is  thrown  direotUr  across  the  line,  one 
armature  lead  connecting  to  one  side  of  the  line  ana  the  other  lead  gradih 
ally  moved  (as  the  motor  is  brought  to  full  speed)  from  the  oondidom  cf  a 
short-cireuited  armature  at  the  on  position  to  direct  connection  to  the  oibcr 
side  of  the  line  at  the  full  on  position;  in  all  intermediate  poaitioDs  ths 
armature  is  in  shunt  with  a  part  of  the  rheostat.  The  object  of  this  is  to 
cause  the  armature  to  take  current  from  the  line  and  run  as  a  motor  wiwo 
lowering  a  light  load  which  will  not  overhaul,  but  to  run  as  a  generator  aad 
send  current  through  the  rheostat  if  the  load  ia  very  heavy  and  ovcrhaab 
the  motor  and  gearing.  In  either  case  the  speed  will  dvpeod  upoo  the 
amount  of  the  rheostat  that  is  in  shunt  across  the  annature.  The  off  poa> 
tion  of  the  controller  short-circuits  the  armature,  and  since  tha  fields  aie 
always  excited,  this  gives  a  gaiok  stop  and  also  holds  the  load. 

The  13-inoh  hoists  of  the  U.S.  S.  "ICearsarge"  and  "Kentucky**  we  30 
H.P.  motors  running  at  350  r.p.m.,  with  a  gearing  ratio  of  6.4S  from  anoa- 
ture  to  oounteTHBhaft. 

The  load  was,  empty  car  1,846  pounds,  and  full  charge  1,628  pounds,  era 
total  of  3.474  pounds. 

The  following  average  results  were  obtained  when  testing  a  hoisting  fefl 
charge: 

Hoisting-speed,  feet  per  minute 180 

Meohanioal  H.P.  in  load      18.06 

Input  of  motor,  E.H.P 28^ 

Total  efficiency 66.6% 

Motors  were  designed  to  be  suspended  under  the  turret,  were  entinly 
enclosed,  and  weighed  3,000  pounds  complete  with  brake. 


Hoiata  for  ft-iaclt  AssBivmltlOB. 

Hoists  for  smaller  ammunition  are  made  and  controlled  In  a  maanv 
aimllar  to  the  above. 

The  8-inch  hoists  used  a  6  H.P.,  876  r.p.m.  shunt  motor  to  hoist  a  totsl 
load  of  910  pounds  at  163  feet  per  minute. 

Tests  gave  average  results  or  — 

Mechanical  H.P.  In  load      ,     ,     .    ,    4JR 

Input  of  motor,  E.H.P 7.4 

Total  efficiency 00.8% 

EMllcaa  Cbaln  AmmvAltlan  Holato. 

These  hoists  run  continuously,  the  ammunition  beins  fed  in  as  desired. 
The  motor  is  geared  to  the  chain  sprockets  by  spur  geanng,  is  shunt  womd 
and  is  started  and  stopped  by  a  controlling  panel,  which  is  provided  vitb 
no-Toltage  and  oTerload  release,  and  a  reversing-switoh. 

A  solenoid  brake  is  mounted  on  the  armature  shaft,  and  is  set  when  tbs 
startlnff-arm  Is  in  the  off  position,  but  has  its  coils  energized  and  Is  released 
when  the  arm  makes  the  first  contact  in  starting.  At  the  full  on  positloo, 
part  of  the  starting  rheostat  is  in  series  with  the  bmke,  thus  cutting  down 
the  current  consumed  by  it.  This  does  not  affect  the  reliability  of  tiM 
brake,  since  the  current  required  to  hold  up  the  cores  Is  much  less  tbsa 
that  required  to  first  start  them,  and  at  the  start  the  full-line  voltage  is  oa 
the  colls. 

To  lower  ammunition  the  reversing-fiwiteh  Is  thrown  down,  which  n- 
verses  the  connections  to  the  motor  armature,  and  puts  in  the  armatort 
circuit  a  safety  switch.  This  safety  switch  is  attached  to  the  lever  whick 
operates  the  catch  pawls  in  the  hoist  trunk.  These  pawls  will  idlow  amran- 
nition  to  go  up,  but  will  catch  and  prevent  it  from  going  down,  and  ars 
used  to  keep  the  ammunition  from  falling  In  case  any  part  of  the  hoisit 
should  be  shot  away.  When  the  pawl  lever  b  thrown  down  it  throws  the 
pawli  out  of  action,  and  allows  ammunlUon  to  be  lowered  by  reversfaig  the 
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motor ;  it  aIbo  o1o«m  the  safety  firitoh  whleh  completee  the  armature  eir- 
eait  for  the  lowering  poeltlon  of  the  reTerBlng-«wltcii. 

Ttiis  stTle  of  hoisfu  used  for  all  kindB  of  ammunition  up  to  and  including 
7-tnoh.  Packages  are  lo  made  that  they  w^igh  aboat  100  pounds  each. 
Motors  from  2|  to  3  H^.  output  and  about  400  r.p.m.  are  used.    Height  of 


ftoist  Tarles  from  10  to  40  feet,  and  about  12  packages  per  minute  are  hoisted. 
Mechanical  efficiency  from  motor  output  to  power  In  load  varies  from  about 
60%  to  80%. 

Ammunition  oouTeyera,  very  similar  to  these  hoists,  are  used  to  carry 
ammunition  from  some  magazines  to  the  foot  of  the  noist.  The  endless 
ehain  is  horlaontal,  and  no  brake  or  safety  switch  is  used. 


^ 
^ 
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luid  other  boata 


And  hu  a  B(e»dF  bevJng  Hi  91 
lurried  bj  m  roller  thriut  bear' 
a  elrcnlu'  pUtfonu  KuMiied  to 


wXb  •  reTolTtu  crmne  hsTliw  Iks 

ida  down  to  tGe  protectiire  OMk, 

:k  pasaed  throngb.  Bud  the  wetght  li 


The  opentiof  machlnerj  la 


id  the  eleotrloal  Donnectlona  betveen  moti 


(be  rolbwing  reenlle  are  obtained  : 

1-  No  poMlble  Gombioatlon  of  maulpalatlon  of  operating  levaTt  o| 
of  circuit  breaker,  or  (allure  ol  cnrreut  to  allow  au^  load  to  fall. 


THagrain  of  ConneotloDi  for  Boat  Ctsna  Hoton. 


U.  The  load  to  alwaya  atop  and  be  held  itlU  liumedUteli  when  theeOK 
trolllns  or  QperatlnjE  leTer  1«  broaabt  to  tbe  oT  poeltlon  during  holatlBf  or 
loweriog.  The  electric  brake  Itself  (In  chm  of  f^lore  of  mechantul  brakri 
to  be  nC4ufflc[auC  power  to  stop  and  hold  the  maximum  load  at  tb«  h 
position  or  upon  failure  of  current. 

III.  Miuioinm  load  not  to  lower  vhlle  the  controller  operating  lerer  Is  in 

The  control  of  the  rotating  motor  mast  give  tbe  following  resnlta : 

IV.  Smooth  starting  and  stopping  must  be  obtained  under  all  eondiUon 
of  load  and  speed. 

T.  Craoe  niusi  slop  and  be  firmly  held  when  the  ooutmller  openUtf 
leTsr  l>  famuirlit  tn  Iba  off  noHitlnn. 
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OrdlnarllT  two  motions  are  proyided,  rotating  and  hoisting,  and  a  sepa- 
rate motor  Is  used  for  each  |  but  sometimes  a  trolley  is  used  so  that  the  load 
ean  be  moTed  radially ;  when  used  the  trolley  is  operated  from  the  hoisting 
motor,  which  is  then  provided  with  a  change  clutch  in  the  searing. 

Plain  series  motors  are  used.  The  hoisting  motor  is  usual  It  geared  to  the 
drum  by  one  pair  of  spurs  and  a  worm,  the  worm  wheel  being  fastened  to 
the  drum,  and  the  pinion  being  on  the  armature  shaft.  At  some  conrenlent 
point  in  toe  gearing  an  automatic  mechanical  brake  is  inserted,  which  will 
only  allow  the  load  to  lower  when  the  motor  Is  run  by  electric  power  in  the 
lowering  direction,  and  which  absorbs  the  energy  of  the  lowering  load  in 
friction.  The  design  which  at  present  has  given  the  best  results  is  that 
using  friction  disks  and  a  follow-up  screw  similar  to  the  brake  used  in  the 
Weston  triplex  pulley  block.  A  solenoid  brake  is  also  mounted  on  the 
armature  shaft,  which  sets  at  the  oft  position  of  the  controller.  The  rotat- 
ing motor  is  similar  to  the  hoisting  motor,  but  smaller.  Cranes  are  required 
to  rotate  at  Uie  rate  of  one  revolution  per  minute. 

The  sixes  of  motors  used  on  the  usual  capacities  of  cranes  on  the  latest 
Teasels  are  as  follows : 


Capacity 
of 
Crane  Pounds. 

H.P. 

of  Hoisting 

Motor. 

H.P. 

of  Rotating 

Motor. 

Hoisting  Speed, 
Feet 
per  Minute. 

83,000 

17,000 

10,000 

6,600 

60 
30 
80 
20 

80 
20 
20 
16 

26 
26 
40 
40 

Tests  on  typical  cranes  gave  the  following  results ; 


'^T_ 

Load, 
Lbs. 

SpjMd, 
£in. 

H.P. 

in 
Load. 

Motor 
Input, 
E.H.P. 

ISificiencIes. 

Weight 

Rotated, 

Lbs. 

Rotating 
Speed, 
R.P.M. 

Motor 

No. 

Total. 

Motor. 

Gear- 
ing. 

06.8 
57.3 
61.1 

»•. 

1 
2 
3 

19,000 
18,000 
10,300 

29.7 
24.1 
31.0 

17.1 
13.1 
9.67 

29.7 
27.9 
19.3 

67  JS 
47.0 
60.1 

86. 
82. 
82. 

82,000 
72,000 
46,000 

1.46 

.89 

1.86 

16.4 

14.8 

9.9 

All  of  the  above  cranes  hoisted  the  load  by  a  two-part  tackle,  and  the 
details  of  the  gears  were  : 

No.  1.    Pinion  22  teeth,  gear  70  teeth,  l^'  pitch,  4"  face. 

Worm  triple  threaded,  32''  pitch,  9.6^'  lead,  12|"  P.D. 
Worm  wheel  42  teeth,  drum  dla.  2^''. 
360  r.p.m.  of  motor  =  30  ft.  per  min.  hoist. 

No.  2.   Pinion  19  teeth,  gear  87  teeth,  1^"  pitch,  4"  face. 
Worm  triple  threaded,  3''  pitch,  9"  lead,  12|  P.D. 
Worm  wheel  33  teeth,  drum  dia.  24''. 
400  r.p.m.  of  motor  =  25  ft.  per  min.  hoist. 
Thu  crane  had  also  a  pair  of  miter  gears  of  18  teeth,  2|"  pttob, 
6"  face. 

No.  8.    Pinion  29  teeth,  gear  63  toeth,  1^"  pitch,  4^'  face. 
Worm  triple  threaded,  2"  pitch,  6'^lead,  9"  PJ>. 
Worm  wheel  67  teeth,  drum  dia.  26i". 
860  r.p.m.  of  motor = 80  ft.  per  min.  hoist. 
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The  Of  ual  design  of  eleotrlo  deck  wlueh  consistB  of  a  leries  motor  ^ 
by  spur  gearing  to  a  shaft  carrying  a  gypsy  head,  all  being  moantMl  oa  a 
suitable  Ded-plate.  Part  of  the  winchas  on  a  yessel  nsadOv  hare  du 
gears  ^vlng  two  speeds,  which  are  operated  by  olntches.  Tne  vshaI 
city  is  2,200  pounds*^  poll  at  a  speed  of  900  feet  per  minute,  and  on  ▼!«»«■ 
having  change  gears  the  low  speed  is  13,000  pounds  at  00  feet  per  ninrnte. 
A  friction  band  Drake  operated  by  a  foot  lever  is  used.  Rheostatie  eontrBl 
is  used,  with  a  reversible  controller.  Motor  and  controller  are  both  en- 
tirely water-tight,  and  will  stand  a  stream  of  water  from  the  fire  hoae.  Tte 
rheostats  are  mounted  in  the  bed-plate,  or  else  in  a  water-tight  iron  box. 

The  usual  method  of  operation  is  to  run  the  winch  conOnQoualy  at  fell 
speed  in  one  direction,  and  then  control  the  hoisting  and  lowering  of  tae 
load  by  taking  a  suitable  number  of  turns  of  the  hoisting  rone  arowid  the 
revolving  winch  head.  Very  good  control  of  heavy  loads  can  De  obtained  in 
this  manner  ;«but  if  much  lowering  of  heavy  loads  is  done,  diffleolty  will  be 
had  with  the  winch  heads  becoming  hot. 

On  single  geared  winches  having  but  little  friction  in  the  searing,  the 
speed  of  a  plun  series  motor  at  no  load  would  be  dangerously  nl^,  and  to 
overcome  this  a  small  amount  of  shunt  winding  is  Mlded.  On  two-raeed 
winches  the  initial  friction  is  usually  enough  to  prevent  dangarona  bo  inail 
speeds. 

30  H.P.  motors  are  used  on  both  of  the  designs. 

VBMTXM.ji.XIOM  WAJtm. 

Nearly  all  compartments  of  a  ship  have  artificial  ventilation  by 
ally-driven  fans,  usually  operating  on  the  nressure  system,  but  in 
eases  exhaust  fans  are  used.     All  of  the  hufl  ventilation  fans  are  eh 
but  the  forced  draft  fans  for  the  boUer  rooms  are  steam  driven  in  most 
eases,  althoiu:h  a  few  of  the  later  vessels  have  electric  drive. 

Fans  are  driven  by  shunt  motors,  usually  of  the  open  type,  but  in  aomt 
exposed  locations  entirely  enclosed  motors  are  used.  Fuu  speed  of  mocw 
is  that  required  to  make  the  fan  deliver  air  at  If  ounces  per  aquare  ineh 
pressure,  and  speed  variation  down  to  the  speed  giving  1  ounce  is  required. 
which  is  a  reduction  of  about  20  per  cent.  This  speed  variation  is  obtained 
by  field  resistance  on  motors  above  1  H.P.,  and  by  armature  reaiataaee  ca 
smaller  sises.  ControUinK  panels  are  used  which  have  the  necesBaiy  rfaei>> 
stats  for  the  speed  control,  and  also  overload  and  no-voltage 

Principal  Reqaireatenta  for  Veatilatla^r 

The  following  may  be  oonsidered  as  standard  oapaoitieB  for  ventifauiag 
fans  and  will  in  genwal  be  specified: 

600  cubic  feet.  5,000  oubic  feet. 

1,000  cubic  feet.  6,000  cubic  feet. 

1,600  cubic  feet.  8,000  oubio  feet. 

2,600  cubio  feet.  10.000  cubic  feet. 

4,000  cubic  feet.  12,000  cubio  feet. 

All  fans  to  be  built  up  of  steel  plate  with  the  exception  of  the  600,  l.OOOl 
and  1,600  cubio  feet,  which  must  be  of  cast  shdl  oonstruotion.  Fans  to  be 
practically  noiseless  and  to  be  of  the  convertible  type  so  oonatrueted  that 
they  will  be  suitable  for  either  right  or  left  hand  ana  for  at  least  mkA%  dilfer> 
ent  anises  of  discharge.  Oast  shell  fans  to  be  so  eonstmoted  tnat  thcjr 
may  be  installed  on  deck,  on  vertieal  bulkhead,  or  suspended  from  desk 


above.     All  fan  wheeb  and  the  interior  of  steel-plate  fan  «^«tMp  to  bt 

galvanised  to  prevent  oorrodon.  Interior  of  casings  of  oaat  sh^nEaoa  to 
e  thoroughly  coated  with  asphaltum.  Fan  wheels  to  be  of  steel,  keyed  on 
shaft  with  set  screw  in  hub;  hubs  to  be  brass  bushed;  oast  sheU  fans  to  bt 
of  heavy,  soft,  cast  iron,  free  from  all  cracks,  blowholes,  or  other  defeeta.  aad 
suitably  re-enforoed  at  all  points  of  strain.    A  hand  hole  to  be  piovkMd  i* 
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_  jini;  of  aQ  east  shell  fans  for  access  to  set  screw  in  hub  of  wheel;  cover 
for  Una  hole  to  be  finished  and  made  air-tisht  without  the  use  of  putty  or 
similar  substances.  Scrolls  of  steel-plate  Tans  to  be  in  three  removable 
•eotions.  Each  fan  to  be  provided  with  a  name  plate  civinc  the  capacity 
in  cubic  feet  per  minute.  Inlets  and  outlets  of  oast  sheQ  fans  and  inlets  of 
steel-plate  fans  to  be  circular  in  shape,  outlets  of  steel-plate  fans  to  be 
rectangular.  Area  of  fan  inlets  shall  not  exceed  area  of  outlets,  the  inlet 
to  be  straight,  and  no  temporary  means  shall  be  emploved  in  any  test  to 
reduce  the  friction  of  the  inlet.  After  installation  on  shipboard,  the  fans 
to  be  provided  with  suitable  drip  pans  with  cocks. 

Each  fan  with  its  motor  and  controlling  panel  to  be  assembled  and  tested 
At  the  works  of  the  maker  in  the  presence  of  a  government  inspector,  suit- 
able means  being  provided  for  measuring  all  data. 

In  making  shop  tests  the  set  shall  be  erected  with  free  inlet  to  the  fan. 
There  shidl  oe  attached  to  the  fan  outlet  a  piiM  of  the  area  of  the  outlet, 
whose  length  shall  be  not  less  than  20  diameters  of  the  outlet  for  fans  with 
round  outlets,  or  twenty  times  the  avera^  of  the  breadth  and  depth  for  fans 
with  Tectangular  outlets.     A  double  Pitot  tube  designed  to  indicate  the 

gressure  produced  by  the  impact  of  the  moving  air.  and  the  actual  pressure 
I  the  moving  air  shall  be  inserted  in  the  center  or  this  piiM  at  about  one- 
half  its  length,  with  the  axis  or  the  tube  in  the  center  line  df  the  pipe.  The 
Pitot  tube  to  conform  to  dimensions  shown  on  drawing,  which  may  be 
obtained  on  application  to  the  Bureau  of  Construction  and  Repair.  An 
adjustable  throttUpg  device  shall  be  fitted  to  the  end  of  the  pipe  and  adjusted 
with  the  fan  running  at  its  desimed  full  speed,  with  motor  fields  hot,  until 
head  of  water,  in  inches,  shown  oy  a  manometer  connected  to  the  pressure 
side  of  the  Pitot  tube,  is  not  less  than  13.4  times  the  weight  per  cubic  foot 
of  the  air  in  pounds.  When  this  condition  is  obtained  the  head  of  water,  in 
inches,  shown  by  the  manometer  connected  to  the  impact  side  of  the  Pitot 
tube,  shall  not  be  less  than  17.4  times  the  weight  of  the  air  per  cubic  foot 
in  pounds.  The  correct  weight  of  the  air  in  pounds  per  cubic  foot  shall  be 
obtained  from  the  tables  of  the  Bureau  of  Construction  and  Repair,  which 
are  entered  with  the  barometric  pressure  and  wet  and  dry  biub  temper^ 
atures.  The  wet  and  dry  bulb  thermometer  shall  be  placed  near  the  fan 
inlet  but  not  so  close  to  it  as  to  appreciably  obstruct  the  current  of  approach- 
ing air.  It  is  the  object  of  this  test  to  make  sure  that  the  fan  under  test, 
wnen  running  at  full  speed,  shall  be  capable  of  discharging  air  throui^  a 
pilM  the  full  sise  of  the  outlet  against  aj^essure  of  five  pounds  per  square 
foot,  with  a  velocity  of  not  less  than  2,200  feet  per  minu^  at  the  center  of 
the  discharge  pipe.  A  hook-draft  water  gauge  or  approved  manometer 
apparatus  shall  be  used  in  connection  with  the  Pitot  tube.  For  apparatus 
to  record  pressure  direct  a  pressure  of  5.2  pounds  pcKr  square  foot  wall  be 
taken  as  equivalent  to  one  inch  of  water.  No  specific  requirement  as  to 
air  delivery  with  free  outlet  is  made. 

NoTB.  —  The  above-onentioned  tables  of  the  weif^t  of  air  under  different 
Atmospheric  conditions  will  be  furnished  by  the  Bureau  to  fan  manu- 
'aeturers  upon  application. 

Fans  when  tested  under  the  above  conditions  must  deliver  their  rated 
/olnmes  at  the  required  pressures  and  a  static  pressure  in  inches  greater 
Jian  14.74  times  the  weinit  of  air  in  pounds  per  cubic  foot,  or  an  impact 


pressure  greater  than  19.14  times  the  weight  of  air  will  pot  be  allowed. 
The  difference  between  the  static  and  impact  pressure  must  never  be  less 
than  four  times  nor  greater  than  4.4  times  the  weight  of  the  air.  No  means 
shall  be  eniployed  to  reduce  the  friction  of  the  inlet  during  the  tests. 

In  calculating  results  of  tests  the  following  approximate  formulas'  will 
be  used: 


0-997 


v/^- 


This  formula  assumes  that  a  velocity  at  the  center  of  the  pipe  of  2.200 
feet  per  minute  eorresponda  to  an  average  velocity  over  the  whole  area  d 
the  pipe  of  2,000  feet  per  minute. 

'^'^'  -    33000   "  6346 
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when* 


y  "-  volume  in  cubic  feet  per  minute. 
V  "-  velocity  in  feet  .per  minute. 
hx  "■  impact  pressure  in  inches  <A  water. 
h%  "-  static  pressure  in  inches  of  water. 
At  »■  Ai  -h%  »•  velocity  head  in  inches  of  wat^. 
A  >"  area  of  outlet  in  square  feet. 
H.P.  °-  horse-power  delivered  by  the  fan. 
W  —  weight  of  air  in  pounds  per  cubic  foot. 


NoTS.  —  Instead  of  a  single  Pitot  tube  a  number  of  tubes,  not  less  tluui 
nine  or  more  than  thirteen,  distributed  over  the  pipe  section  may  be  used  if 
preferred,  by  the  contractor.  In  this  case  the  mean  static  pr«wux«L  ia 
inches  of  water,  must  not  be  less  than  13.4  times  the  weii^t  per  cubic  foot 
of  the  air  in  pounds,  and  when  this  condition  is  obtained,  the  mean  impact 
pressure  in  inches  of  water  shall  not  be  less  than  16.72  tmies  the  weti^t  of 
air  in  pounds  per  cubic  foot.  It  is  the  object  of  this  test  to  determine  that 
the  fan  will  deliver  the  required  volume  of  air  at  a  mean  velocity  of  2,000 
feet  {Mr  minute  over  the  whole  area  of  the  pipe.  Similar  variation  ia 
pressures  to  that  specified  above  will  also  be  allowed  under  these  oonditioos. 

The  heat  run  on  each  motor  is  to  be  of  eight  hours*  duration,  made  when 
driving  its  fan  with  free  outlet  and  inlet  at  the  above  required  full  speed, 
and  under  such  conditions  the  temperature  rises  of  all  parts  must  not  exceed 
those  allowed  for  continuous-running  motors.  Also  these  temperature  rises 
are  not  to  be  exceeded  when  the  fan  is  nm  as  above  at  full  field  strength  of 
the  motor. 

Each  set  is  also  to  be  given  an  endurance  test  by  running  for  forty-ei^t 
hours  continuously  at  full  speed  with  free  inlet  and  outlet  of  fan  (forty 
hours  in  addition  to  the  above  test  of  eic^t  hours  at  full  speed,  the  fan  to  be 
started  up  immediately  after  taking  temperatures  at  end  of  ei^t-hour  run), 
and  during  this  run  absolutely  no  attention  or  adjustment  is  to  be  givea 
to  the  motor.  At  the  end  of  the  run  the  motor  must  be  in  operation  in  a 
satisfactory  manner  and  wiUiout  sparking,  blackening,  burning,  or  rough- 
ening of  the  commutator,  or  the  development  of  high  mioa^  copper  stickiDg 
to  the  brushes,  or  any  other  latent  defects.  Any  set  which  faib  to  pass 
this  endurance  test  on  the  fint  trial  will  be  allowed  a  second  trial,  uter 
overhauling  and  adjusting,  but  if  it  fails  on  the  second  trial  it  will  be 
jected. 

IftMolto  ObtaiBAd 
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ITAVSR-TIOHV  DOOMS. 

Electrically-operated  water-tii^t  doors  are  now  being  installed  on  most 
large  ships.  The  requirements  of  a  suoonsful  system  are  that  all  doors 
can  be  simultaneously  closed  from  the  bridge,  that  during  or  after  thk 
dosing  any  door  can  be  opened  by  a  person  desiring  to  pass  through  fross 
either  side^  and  after  such  passage  the  door  to  automatically  okne  itself. 

The  design  in  most  general  use  is  that  of  the  Lone-Arm  System  Co..  cf 


WATKB-TIQHT  DOOBS. 
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ing  the  handle  of  the  hand  controller  it  comes  back  by  a  spring  to  fh» 
**  off"  position,  and  if  the  emergency  is  still  on,  the  door  stJLrta  to  dose 
again.  The  mechanical  construction  of  the  emergency  station  is  saeh  tliat 
by  moving  a  lever  the  contacts  for  the  different  doors  are  made  one  after 
the  other  with  a  slight  interval  of  time  between  each,  so  that  the  soddaa 
rush  of  starting  current  will  not  occar  on  all  doors  at  the  same  instant. 

The  indicator  consists  of  a  case  containing  a  small  incandescent  lamp  for 
each  door.  When  the  door  closes  it  operates  an  indicator  contact  wnich 
lights  the  corresponding  lamp. 

The  door  is  powerful  enougn  to  cut  through  several  inches  of  coal  on  the 
sill.  In  service  the  current  required  for  operation  of  a  vertical  sliding  door 
2  ft.  by  4  ft.  9  in.  is  about  as  follows  : 

OPKNiif  o : 

Sudden  throw,  start 25  amp. 

Running  up 8  to  10  amp. 

Sudden  throw,  stop 15  amp. 

Closiko  : 

Sudden  throw,  start 20  amp. 

Running  down 6  to  9  amp. 

Sudden  throw,  stop 11  amp. 

Voltage  is  125  volts. 

Electrical  steering-gears  are  not  at  present  used  in  the  United  8ta;te8  Narr, 
but  are  somewhat  used  in  foreign  navies.  One  method  used  Is  shown  u 
the  diagram  of  connections  (Fis.  13),  in  which  M  is  a  shunt  motor  oper- 
ated from  the  ship's  mains  and  running  continuously  at  constant  speied; 
its  shaft  is  directly  coupled  to  G,  a  shunt  generator,  the  two  forming  a 
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Fio.  13.  Diagram  of  8teering-Q«ar. 


motor  generator  set  and  located  at  any  desired  place,  most  conveniently  in 
the  dynamo  room.  P  is  a  shunt  motor  geared  by  suitable  searing  to  the 
rudder  post,  and  has  its  field  constantly  excited  from  the  sbTp's  mains,  its 
brushes  are  directly  connected  to  the  brushes  of  the  constantly  running 
generator  G.  R  and  R'  are  two  equal  and  symmetrical  rheostats,  the  oon- 
taot  arm  of  R  being  attached  to  the  rudder  post  or  any  part  of  Its  searing 
which  has  a  similar  rotation,  and  the  contact  arm  R'^  being  attaened  by 
suitable  gearing  to  the  steering-wheel.  The  ends  of  the  field  of  G  are  eoa- 
nected  to  these  two  contact  arms,  and  the  two  rheostats  are  oonneeted 
across  the  ship's  mains. 

It  is  now  seen  that  the  two  rheostats  and  the  field  of  Q  form  a  Wbeat- 
stone's  bridge,  the  parts  of  the  rheostat  on  each  side  of  the  contact  arms 
being  the  four  resistances,  the  field  of  Q  taking  the  place  of  the  galvanom- 
eter and  the  line  being  the  battery.     This  bridge  is  in  balAnee,  and  ao 
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earrent  will  flow  through  the  field  of  O  whenerer  the  two  rheottant  aima 
occapy  fimilar  positions  on  their  respective  rheostats :  but  if  thev  do  not 
oocupy  similar  positions,  then  the  bridge  will  be  out  of  baljuioe  ana  current 
will  flow  throagh  the  fleld  of  6. 

The  operation  is  as  follows :  Starting  with  everything  central  as  shown 
In  the  aiagram,  if  the  steerins-wheel  Is  turned,  moving  the  arm  of  B''  a 
certain  distance,  the  balance  wul  be  disturbed  and  current  will  flow  through 
the  fleld  of  G,  causing  it  to  generate  an  E.M.F.  and  start  the  motor  P,  which 
will  continue  to  run  until  the  arm  of  R  has  been  moved  a  distance  equal  to 
the  original  movement  made  by  the  arm  of  K',  when  the  balance  will  be 
restorea,  no  current  will  flow  through  the  fleld  of  G,  which  will  then 
develop  no  B.M.F.,  and  the  motor  P  wiU  consequently  stop.  The  gearing 
between  P  and  the  contact  arm  of  B  Is  so  arranged  that  the  movement  of 
the  arm  will  be  in  the  proper  direction  to  restore  the  balance.  The  direction 
of  current  flow  in  the  fleld  of  G,  and  consequentlv  the  polarity  of  G  and 
direction  of  rotation  of  P,  will  depend  upon  the  direction  of  movement  of 
the  arm  of  B^  It  is  thus  seen  that  the  arm  of  B  is  given  an  exact  copying 
motion  of  the  arm  of  B',  both  for  distance  moved  and  direction  of  rotation. 

Instead  of  actually  turning  the  rudder,  the  motor  P  can  be  made,  If 
desired,  to  only  operate  the  valve  of  a  steam-steering  engine ;  when  this  Is 
done  the  device  is  called  a  *'  Telemotor." 

Another  method  (which  has  only  been  applied  for  use  as  a  telemotor)  has 
the  flrst  movement  of  the  steering-wheel  connect  the  operating  motor 
directly  to  the  ship's  mains,  and  the  motion  of  the  motor  causes  a  step  by 
step  mechanism  to  disconnect  it  when  it  has  moved  the  engine  valve  a 
distance  proportional  to  the  original  movement  of  the  steering-wheel.  Both 
connection  and  disconnection  of  the  operating  motor  are  made  by  a  switch 
at  the  steering-wheel,  the  interrupter  of  the  step-by-step  mechanism  is  at 
the  operating  motor  and  the  mecnanism  itself  at  the  steering-wheel.  The 
mechanical  arraneements  are  quite  complicated. 

Several  ships  of  the  Bussian  Navy  have  been  fltted  with  direct  acting 
steering-gears  by  the  Electro-Dynamic  Company,  of  Philadelphia,  Pa., 
and  work  on  the  above  flrst  described  bridge  principle,  with  the  addition 
of  a  small  exciter  for  the  generator  mounted  on  the  generator  shaft,  and 
the  fleld  of  this  exciter  is  connected  with  the  bridge  rheostats.  Instead  of 
the  main  generator  fleld  Itself.  The  motor  of  the  motor-generator  is  rated 
at  70  H.P.,  the  generator  at  500  amperes  and  100  volts,  and  the  rudder 
motor  at  60  H  J*. :  all  being  easily  capable  of  standing  60%  overloads  for 
short  periods  of  time.  The  motor-generator  runs  at  660  r.p.m.  and  weighs 
11,000  pounds ;  the  rudder  motor  runs  at  400  r.p.m.  and  weigns  6,600  pounds ; 
the  accessory  appliances  weigh  1,500  pounds,  making  a  total  weight  of 
ISjOOO  pounds. 

Tests  made  on  the  Bussian  Cruiser  "  Yariag"  took  160  H.P.  to  move  the 
rudder  from  hard-a-port  to  hard-a-starboard  in  20  seconds,  while  going  at  a 
speed  of  23  knots  an  nour.  For  ordinary  steering  at  about  19  knots,  resBings 
taken  every  time  the  rudder  was  moved  gave  the  following  results :  — 
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Rttidings  w«re  taken  for  every  movement  ocourrins  for  a  period  g|  | 
rudder  was  never  moved  more  than  16  degrees. 

m 

ElTTKRIOIft  COKimnnLCATIOM  SYSTSK. 

The  interior  oommunication  ssrstem  of  a  ship  consists  ol,  as  the 
implies,  the  appliances  for  transmitting  signals  of  all  kinds  from  on*  part 
of  the  ship  to  another. 

Many  devices  have  been  tried  for  the  electrical  transmission  of  pre* 
arranged  orders,  or  the  poeition  of  a  moving  body,  sudi  as  a  radder-head; 
but  the  most  successful  and  the  one  generally  installed  consists  at  the  re> 
ceiving  end  of  a  number  of  small  incandescent  lamne.  each  mounted  in  a 
small,  separate,  ti^t  tight  cell  with  a  glass  front,  ana  the  whole  emciosed  m 
a  suitable  case.  On  the  ghiss  front  of  each  lii^t  cell  is  marked  an  order  cr 
number,  or  whatever  particular  information  the  particular  device  is  to  in- 
dicate. This  receiver  is  connected  to  the  transnutter  by  a  cable  having  a 
separate  wire  for  each  lamp,  and  one  wire  for  a  common  ratum.  The  trans- 
mitter consists  of  a  switching  device,  by  means  of  which  any  lamp  or  lamps 
in  the  receiver  may  be  lighted,  the  current  being  taken  from  the  li|fr«i»g 
mains.  As  many  receivers  as  desired  can  be  operated  from  one  traoamitter, 
the  reoeivers  being  connected  in  parallel. 

Belai  AB|rl«  Jbidlctttor. 

When  the  above-described  device  is  used  to  indicate  in  different  parts  of 
the  ship  the  angle  that  the  helm  is  turned,  the  transmitto'  switch  eonaisti 
of  an  arm,  as  shown  in  diagram  (Fig.  14)  fastened  to  the  rudder  stock,  and 
moving  over  a  series  of  contact  pieces  arranged  in  an  arc  in  the  same  manner 
as  an  ordinarsf  fidd  rheostat.  Each  of  the  contact  pieces  is  connected 
throuj^  one  wire  of  an  interior  communication  cable  to  one  side  of  one  of 
the  receiver  lamps,  which  lamp  has  marked  on  its  front  the  numbo-  of 
degrees  that  the  given  contact  is  situated  from  the  center  hne  of  the  ship; 
the  other  side  of  the  lamp  is  connected  to  the  common  return  wire,  wfaia 
goes  to  the  source  of  current  and  then  to  the  contact  arm.  As  the  rudder 
turns,  the  contact  arm  makes  connection  with  the  different  eontaet  pieees, 
and  as  it  touches  each  piece  the  corresponding  lamp  in  the  receiver  fights 
up  and  indicates  its  position  within  the  limits  shown*  when  it  is  just  mid- 
way between  any  two  pieces  it  will  touch  both  and  light  both  corresponding 
Lamps,  which  doubles  the  closeness  with  which  the  position  is  indioated. 

As  many  receivers  can  be  connected  on  as  desired,  all  being  operated  ia 
paralld. 


When  used  for  engine  order  telegraphs  the  contact  arm  is  mounted  in  a 
metal  case  and  operated  by  a  hand  lever  oi  the  same  construction  as  the 
hand  lever  of  an  ordinar]^  mechanical  ship's  engine  telegraph,  as  shown  in 
Fig.  15.  The  case  contains  indicator  lamps  in  parallel  with  the  lamps  of 
the  receiver  at  the  engine  room,  so  that  the  operator  on  the  bridge  has 
visual  evidence  of  the  order  sent.  A  small  magneto  is  geared  to  the  trans- 
mitter handle,  and  rings  a  bell  at  the  receiver  whenever  the  handle  is  moved, 
thus  calling  attention  to  the  change  of  order. 

Battle  Onler  iMdicatmns. 

The  receiving  indicators  are  of  the  same  construction  as  above  deeeribed 
for  the  Helm  indicators,  but  the  transmitter  consists  of  sini^e^pole  snap 
switches,  connected  up  exactly  like  the  lamps  of  the  indicator,  so  that  bv 
tunung  the  proper  switches  any  desired  number  of  lamps  can  be  h^lea. 


INTBEIOK  COMIfUNICATION     8YBTEH. 
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15.     DtBgrun  of  EUiglaa  Talsgrkph. 


u^tly  like  the  battle  order  IndiuUni,  w 
~  -  raerg  mArked  before  eum  luap.  ■  nn 
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trieaBy  upon  the  propeller  abaft  S,  and  meehing  irTth  a  plnloB  P.  whiek  U 

onaplvot  UBhoHn,  and  wheo  9  la  roeatlnx.A  vill  bs  corned  to  ana  aUa  or 
the  other.dependlng  upon  the  direction  of  rotation  of  8,  nntlllt  hltaoalka 
atop  B,  sod  will  then  remain  ugalDaC  the  atop  and  recipioeau  up  and  < 

from  the  eaoantrlo  action  of  K;  on  each  up  moi ' 

with  slip  O  or  C,  depending  upon  wbloh  aide  II 


It  vill  make  oonlMl 
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The  reeelTer  ooiuiBto  of  two  piroted  pointers,  connected  u.shoim  to  two 
electromagnetB  and  marked  **  Astern  "  and  "  Anead.'* 

From  the  oonoectious  showm,  it  is  seen  that  at  each  rotation  of  the  pro- 
peller shaft  the  pointer  corresponding  to  the  direction  of  rotation  will  make 
a  moTement,  and  at  the  same  time  the  magnet  armature  will  make  a  plainly 
audible  click,  thus  indicating  both  Tisnally  and  audibly  the  rotation.    The 
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other  voiBttt  eomspoiidliic  to  the  dinwtioi 


tha  oppDcita  rolatiaa  *3 


■a  Khieh  mnvn  B  sJoai  its  •bait,  tad  holds  B 

OD,  so  that  tho  cootict  A  conneeti  th 

evolution  of  F.     For  ahead  lotaUon  C  ibifta  B  t< 


Fm.  it.     Diaimii  ti  ConnsatioD 


turbine 

UK)  Di . 

latiooa  of  the  nuln  ahaft. 


if  Tntumittar  for  Revolution  lodioMcr. 
wd  li^t-hand  leuU,     For 
-'■a  tbe  geatiBs  ratio  <d  B 
la  sivco  toe  3  ■ad  t  nm- 


Bit  vHieli  ■  ocDtn)  atalioiiu  proridod  towhidi«Mliaetia<Ureetlr 

— Fig.  IS  ii  »  diuTBRi  of  the  ay«t«D  aa  loniiihed  by  tba  Wemn 

— jotric  Co.  Ths  mitnl  boaid  ii  known  ai  tbe  eordleai  and  pluc^ 
tytie.  It*  main  testura  oonsatj  in  having  tbe  eoniiectiaD  drcuiU  amnnd 
Id  a  wrle*  of  boriiontal  bui-bera  whirh  are  cniieed  Tenically  by  ttx  talkuc 
wirea  of  caieh  irtatioQ.  ao  that  by  puttinv  ao  ordioaiy  apnns  lurer  key  at 
eadi  lDl«ra»etioii  any  desired  comtnnation  of  eonneeUona  (an  be  trade. 
UraaOy  tbe  board  ia  arranged  tor  flfty  atatioiu  and  fire  eoUMeCion  dtaala. 
■D  that  five  amatate  oonTaoationa  betma  any  Sve  piOra  of  tekvhoBH 
mar  be  eaniad  on  at  the  aama  tfane;  ako  for  lawtiig  ■coaal  oniera  any 
derired  number  of  telephoDaa  may  be  oonneoted  tofkbt.  Tbe  diactaa 
ahowB  only  tm  conneetion  cireulta  and  two  etationa.  but  it  can  be  ext«iHW 
aadBsirad  in  either  way. 
Tbe  opeiation  is  aa  follower 

Whe^hTl^i^?  le  tj3^  o(l't™'ho^.  enrrtt..  "" ,.  "" 

oowv  through  the  talking  line  wirea  and  dieplaya  tba  li 

the  operator  Ihrowi  one  of  the  oonneetion  keyi  of  the  of_ 

■wnal  IS  cut  out  and  tba  talking  wirea  conneeted  direet  t( 

cotmeetion   bug   vhich  ii  permanantly  eoDnected    to  the  taiaing  ouiim 

tnpply.     Throwing  the  oonneetion  key  of  the  party  to  be  tailed,  iriticb  a 

OD  the  aame  horinntal  bug  as  the  calling  party,  puts  the  pair  <n  comBmiii- 


:be  talUna 

Uae  gignaT. 


Riugina:  ia  aoeomptished  by  a  aeparate  rii 
' ~    '5*  Iw'tery  aod 


"ft 


™  and  the  teft-haoiTi 


operating  throDgh  tba  et 


t  is  flowing  from  - 1. 
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w' 


<  H  < 


n 


Grtult.     Cirojft. 
40'         SO" 


I 


Cii-eakmaKiiA 


j-Kin^>tof 


wrstTtfil       ittKTScr/fZ 

u  of  WMtani  Elaetrie  GcoenI  Telcphon*  Syiton. 
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parties  hang  up  the  raoeivera  the  flow  of  the  talking  current  etrnmem  mad  the 
signal  falls  Daolc 

•    A.'^*^^^  ^^'  ^'  provided  which  is  operated  by  a  relay  when  any  line  sigo^ 

18  displayed,  also  when  any  clearing-out  signal  falls  back  ana  the  oorre- 

Bponding  connection  keys  &re  not  opened. 

Cross-talk  is  prevented  by  choke  coils  (not  shown  on  diagram) 


TrL.StrM^^t. 


TgL.SgTm2 


Fio.  19.    Diagram  of  HoltserOabot  General  Telephone  System 

in  each  side  of  the  horizontal  connection  busses  just  after  their  oonnertiri 
to  the  talking  current  supply.  Both  talking  and  ringing  currents  sie 
supplied  either  from  batteries  or  motor  generators  taking  powo*  Crom  the 
ship's  generating  plant,  thus  giving  a  reserve. 

Both  water-tight  and  non-water-tight  telephones  are  used.  Tlie  ooa- 
water-tight  are  ol  the  ordinarv  wood  case  wall  pattern,  while  the  water-tight 
sets  have  the  mechanism  enclosed  in  a  brass  box  with  the  cover  having  • 
rubber  gasket  and  heavy  clamps. 

Figure  19  shows  the  design  made  by  the  Holtser-Gabot  Oo.  Thejeeeisl 
scheme  of  operation  is  the  same  as  above  desoribedt  (ho  main  damreBOS 
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bdnt  that  tha  opantor'a  mt  ia  bukdled  by  a  •epuato  ■dditianal  roir  ij 
kara  iDaMkd  of  bang  tnated  umply  u  ■  staUon. 

Ficure  20  ibon  (lie  daign  made  hy  Cluirl«  Corey  A  Sod.  It  ia  fcuer- 
■lly  (jmilai  to  the  above  ayatenu,  but  usee  s  aeiiante  battery  (or  eaoh 
tuldDS  drcuJt  InatcBd  of  uainc  tAfkinE  current  from  n  oommon  bua  aup- 
plied  by  dynuno  Dutrent.     Also  each  tkUuns  oitouit  oomiita  ti  two  sMa  of 


{ 


Fia,  20,    Diasmn  of  Corey  OencntI  Tetephotie  Syaton. 


C.  —  amring  out  n| 
I.  ~  Choke  omi. 
P.  —  Puah  button. 
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?j?./j  ff  fi  n  f}  ,>}  ^ 


Diacrmm  ot  ConoMtiona  of  ElMtris  Whktla. 


The  Sr«  •lana  lyitem  oooauU  ol  IbennuuU.  loiaMd  [n  all  [auto  d  A 

Tfie  thermoataU  oonsistof  a  beli»J  nMAlooiJ,  nude  <rf  tir^  ■trip*  of  itv 
and  bran,  b&viuf  a  faid^  t«mpefAlurB  of>«ffiAtenl  d  eKpAiuion-  inniintHl  vid 
one  (od  tra«  »  tliat  lEe  tortniial  eflsot  pndiHied  by  a  lii 
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eausM  s  Blight  displMemeiit  of  the  free  end,  thus  elodng  the  oireuil  and 
operating  the  oomepondins  annuaoi»tor  drop.  The  working  parts  are 
enclosed  in  a  heavy  brass  ease. 

Cioal  banker  and  storeroom  thermostats  are  set  for  200  degress  Fahrsnhsit, 
and  those  in  magazines  at  100. 

TojgiTe  a  general  signal  for  the  closing  of  all  water-tight  doors,  a  system 
of  alarm  whistles  is  used.  The  whistle  consists  of  a  solenoid  which  puUs 
its  core  down  into  an  air  chamber,  and  thus  forces  the  air  out  throujgh  a 
small  shrill  whistle.  The  core  is  restored  by  spiral  springs.  All  whistles 
are  connected  in  parallel,  and  are  operated  by  a  make  and  break  mechan- 
ism, which  by  the  pulling  of  a  lever  will  interrupt  the  oirouit  continuously 
for  about  30  seconds,  each  interruption  giving  a  blast  from  each  whistle. 
Current  from  the  lightning  mains  is  used. 

The  construction  is  shown  in  Fi2.  21.  The  clockworks  for  operating  the 
contact  maker  is  constructed  so  tnat  by  rotating  an  operatine  lever  it  is 
wound  up,  and  upon  releasing  the  lever  it  vibrates  the  contact  wnile  running 
down,  thus  giving  periodical  signals. 

In  the  latest  design  the  whistle  is  inverted  and  pulled  up  against  gravity, 
thus  dispensing  with  the  restoring  spiinss. 

Call  Bella. 

An  elaborate  system  of  call  bells,  annunciators,  eleetro-medhanioal  signal 
gongs,  etc,  is  installed  on  all  large  ships.  The  main  difference  from  ordi- 
nary oommeroial  work  is  that  all  appliances  are  made  water-tight. 


WULBCWi^^ULBimOtJm, 


The  following  is  a  brief  outline  of  the  principles  empfeyed  in  the  iaatm- 
OMnt  desimed  oy  Lieutenant  Bradley  Fiske  of  tne  United  States  Navy* 
In  Fig.  22  let  A  represent  the  target  and  BC  a  known  base.    Ilisn 

AC  I BC:  I  tin  ABC  :  sin  BAC. 

nn  ABC 


AC  ^BCX 


win  BAC 


The  an^e  ABC  can  be  readily  measured.  The  angle  BAC  »  DBS,  the 
Hne  BE  being  parallel  to  AC. 

X  The  Fiske  range-finder  measuras  the  an^e  DBS  by  the  use  of  the  Wheat- 
stone  bridge,  as  follows: 

Suppose  the  two  semi-circles  in  Fig.  22  rei^aoed  by  two  metallic  arcs  (Fig. 
33).  At  the  center  of  each  of  these  arcs  is  pivoted  a  telescope,  the  pivot  of 
which  is  oonneoted  to  a  battery  B.  The  twesoopes  are  in  electrical  contact 
with  the  ares.  Tliese  metallie  arcs  are  conneoted  at  their  extremities  with 
a  galvanometer,  e,  the  whole  forming  a  Wheatstone  bridge,  whose  arms  are 
aa  bb. 

When  the  telescopes  are  pointed  at  the  object  i4,  it  is  evident  that  the 
arms  of  the  bridge  are  unequal,  and  hence  do  not  balance;  and  this  fact  is 
indicated  by  the  deflection  Of  the  needle  of  the  galvanometer.  The  arc  FD 
is  noted.  By  swinging  the  telescope  at  F  around  till  the  needle  of  the 
galvanometer  indicates  sero.  the  bridge  balances,  the  telescope  being 
paraUel  to  the  one  at  C,  and  the  arc  or  angle  DF  —  FE  is  equal  to  the 
ani^e  at  A,  From  this  the  distance  AC  can  be  calculated,  or  read  (9ff 
dlreotly  on  a  properly  constructed  scale. 

Generally,  In  using  the  instrument,  the  telescopes  are  mounted  at  a 
distanoe  from  the  battery,  where  the  view  is  uninterrupted,  while  the  gal- 
vanometer is  at  the  gun.    Tb9  ob^ervera  keep  the  telesoopes  constantly 
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directed  on  the  target,  and  the  man  at  the  gun  balanoes  the  bridce  hw  ia- 
troduoing  a  variable  resiatanoe  into  the  circuit  till  the  needle  standi  »t 


Fio.  22. 


Fig.  23. 


■ero.    This  variable  resifltanoe  ia  graduated  so  ai  to  indicate  the  range 
corresponding  to  the  resistance  introduced.    This  instrument  is  not  now  wed. 


Large  guns  are  arranged  to  use  both  peroussion  and  deotrie  primen  for 
firing.  The  electric  primer  is  <^  the  same  external  shape  as  the  perausskai 
primers,  and  is  exploded  by  a  fine  platinum  wire,  heated  by  current  from 
the  cells  of  a  dry  battery  mounted  near  the  gun.  A  ground  return  ia  need 
and  a  safety  switch  is  fastened  to  the  breech  plug,  so  that  the  dreult  can* 
not  be  completed  until  the  breech  plug  is  closed.  A  push-button  is  used  to 
complete  the  circuit  and  fire  the  gun. 

The  same  primer  is  also  used  tor  igniting  the  diarge  of  powder  to  ezpd 
torpedoes  from  their  directing  tubes.  Fig.  24  shows  a  section  at  the  primer 
ana  diagram  of  connections  for  both  torpedo  and  gun  firing.  In  torpedo 
firing  the  opening  of  the  sluice  gate,  which  pennits  the  torpedo  to  be  di»> 
chanied  from  the  tube,  doses  the  circuit  and  operates  the  signal  lights  at 
the  tube  and  firing  key.  This  also  acts  as  a  safety  device  by  preventing 
the  primer  being  fired  baore  the  gate  is  opened. 


An  instrument  called  the  "Weaver  Speed  Recorder*'  is  somewhat  used 
for  measuring  the  speed  of  ships  when  run  on  the  measured  mile,  and  while 
being  launched;  also  to  measure  the  acceleration  of  turrets  during  test. 

It  consists  essentially  of  a  clockworks,  which  drives  a  paper  tape  over  a 
set  of  five  pens  operated  b^  cdectromagnets,  so  that  when  any  magnet  ii 
excited  it  jPuUs  its  pen  against  the  moving  paper  tape,  and  makes  a  dot 
thereon.  The  connecting  levers  between  the  magnet  and  pen  are  anmagsd 
something  like  a  piano  finger  action,  so  that  no  matter  how  long  the  magnet 
is  kept  excited,  Uie  pen  will  only  make  a  quick,  short  dot.  AD  pens  are 
located  side  by  side  in  the  same  line,  so  that  if  they  were  aH  operated  at 
the  same  instant,  the  result  would  be  a  line  of  dots  across  the  tape. 

When  used  for  measuring  mile  runs,  one  pen  ia  connected  to  a  make  and 
break  chronometer,  ao  that  it  makes  a  dot  on  the  tape  every  eeoond;  an- 
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other  pen  is  oonneoted  to  a  band  push-button,  bo  that  a  dot  can  be  made  at 
the  start  and  finish  of  the  run,  and  at  as  many  intermediate  points  as  de- 
sired; the  other  three  pens  are  oonneoted  to  contact  makers  on  the  shafts 
of  the  main  engines,  so  that  a  dot  is  made  for  every  revolution  of  the  en- 
cme.  (If  the  ship  has  twin  screws,  of  oourse  only  two  of  the  remaining 
pens  are  used  ana  if  single  screw,  only  one.) 

It  is  thus  seen  that  by  counting  the  number  of  second  dots  between  the 
start  and  finish  dots,  the  length  of  time  to  make  the  run  is  given,  and  by 
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SECTION   OP   PRIMER, 


Its  VOLTS 


jSlbUiee  QATE 
CIRCUIT  CLOSER 


INDICATOR 
LAMP 


6^ 


PIL0T  LAMP 
AT  TUBE 


riRIN«  KEY 


RESISTANCE 

r-^iMBR 


FOR  TORPEDO  TUBE  FIRING. 


PIRtNSKEy 


;;rOATTERY 


PRIMER 


^^SAPBTY 
SWITCH 


Fia.  24.    Connections  for  Torpedo  and  Gun  Firing. 
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• 

oountiiifE  tiie  number  d  revolution  dote  in  Any  deured  spaee,  tlte  speed  cf 
the  engine  is  given.     Fraetionnl  aeoonde  or  revolutioua  oen  eanly  b«  eeeled. 

When  used  to  obtain  laundung  eurves,  a  long  tteel  wire  wound  oo  a  dim 
has  one  end  attached  to  the  ship,  and  a  oontaot  maker  is  fastened  to  tlas 
drum.  As  the  skiip  slides  out  the  drum  is  revolved  and  dots  made  on  ^ 
tape  at  each  revolution;  knowing  the  diameter  of  the  drum,  the  speed  at 
any  instant  is  found  by  comparison  of  the  revolution  dots  with  the  seooDd 
dots.  The  hand-push  is  used  to  mark  the  start,  finish,  instant  of  pivotiag; 
and  any  other  desired  matters. 

When  used  for  acceleration  runs  on  turrets,  the  same  prooedure  as  fotf 
launching  purves  is  followed,  except  the  contact  maker  ie  attaefaod  to 
rotating  part  ol  the  turret  mechannm. 


RESONANCE. 

Rsvisxp  BT  Lamar  Ltndoit. 

If  in  an  altenuitins  ourrent  circuit,  an  inductance  be  inserted,  the  self* 
induced  E.M  J*,  will  combine  with  the  impressed  E.M  J*,  and  the  resultant 
of  the  two  will  be  the  active  E.M.F.  which  causes  ourrent  flow.  The  current 
will  always  be  ezactlv  in  phase  with  and  proportional  to  the  rentUanl  ElfJ*. 

The  inductive  E.M  J*,  is  90  degrees,  or  one-fourth  of  a  cyole^  behind  the 
ourrent,  and,  therefore,  behind  the  resultant  Eil  J*,  which  is  in  phase  with  the 
current.  The  algebraic  sum  of  the  instantaneous  ralues  of  the  resultant  and 
Inductire  £.M.F?s  will  give  the  corresponding  values  of  the  impressed  B.M.F. 

Fig.  1  shows  this  summation.  9,9,0, v.  is  the  resultant  EJtf.F.  re- 
quired to  send  current  i,i.t,t,  which  is  in  phase  therewith,  through  a  given 
resbtance.  L,L,L^L^  is  the  curve  of  E.A.F.  necessary  to  overcome  the 
counter  E.M.F.  of  the  inductance,  the  curve  of  the  inductance  E  Jff  .F.  being 
equal  and  opposite  to  the  curve  L.L^L^L,  This  curve  of  inductance  E.M.F.. 
which  is  indicated  by  the  dotted  curve  {,/,/,{.  is  one-quarter  period  or  90 
degrees  behind  the  current  and  the  resultant  E.M.F.  Combining  the  ordi- 
nates  of  v,«,v,v,  and  L^L^L^L^  the  curve  «ie.fff  is  produced.  This  reprssents 
in  phase  and  magnitude  the  impressed  E.Bl.r.  required  to  send  ourrent  t,ft,i.i, 
through  the  resistanee  and  overcome  the  counter  £  JLF.  of  the  inductance* 


^.4 


FlG.l. 


As  may  be  seen,  it  is  somewhat  in  advance  of  the  resultant  E.M.F.  and, 
therefore,  of  the  current.  Also  it  is  higher  than  the  resultant  E.M.F.  by  an 
amount  which  at  eaoh  instant  is  equal  to  the  counter  E  jf  JB.  of  the  in- 
ductance. 

If  a  oondenser  or  capacity  be  included  in  a  circuit,  and  an  alternating 
ourrent  be  sent  into  it,  flow  will  take  place  in  the  oondenser,  the  current 
entering  and  charging  it.  As  the  amount  of  electricity  stored  increases, 
tha  E  jI.F.  of  the  condenser  increases  also  until  the  impressed  uid  con- 
dansar  B  Jf  .F.'s  are  eqiud.  The  condenser  E.M.F.  being  a  counter  pressure, 
oorrent  flow  ceases  when  the  two  E.HJ'.'s  balance.  The  current  being 
aero  at  this  point,  and  the  oondenser  E.M  J*,  a  maximum,  it  may  be  seen 
that  the  oondenser  E.M.F.  is  one-quarter  period  or  00  degrees  in  advance 
of  the  ourrent,  and,  therefore,  of  the  resultant  E  Jf  .F. 

In  Fig.  2.  y.V,V,V,  is  the  resultant  E.M.F.  made  up  of  the  two  E.M.F.'8 
■oting  on  the  otrouit.    «.«,»*»,  is  the  ourrent,  0,0,0,0,  the  oondeooer  Eif  J'n 
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which  is  90  degrees  ahead  of  i,t,i,l*  c/s/s/:^  is  the  carve  of  F.M.F.  necessary 
to  overcome  the  condenser  E.M.F.,  being  equal  and  opposite  to  the  condeossr 
E.M.F.  Combining  K,  V^  F,  F,  and  c^^^^  the  impressed  E.M.P.  curve e^A<> 
is  produced,  whichls  somewhat  behiiid  the  current  and  resultant  £.M.  F.,  and 
benind  the  condenser  E.M.F.  Also,  the  impressed  £.lf  .F.  is  greater  than  the 
resultant  E.M.F. 

From  the  foregoing  it  fs  evident  that  if  either  a  capacity  or  inductaiiee 
be  inserted  in  an  alternating  current  circuit,  the  phase  of  the  current  iriih 


Fio.  2. 

respeet  to  the  impnased  E  JUF*.  will  change,  and  the  current  flow  be  i«> 
duoed.  Since  the  one  seta  up  an  E.M.F.90  d^^rees  in  advance  of  the  ear- 
rent  flow  and  the  other  a  pressure  00  degrees  behind  it«  the  two  effeots  tend 
to  neutralise  each  otho*  when  connected  in  series,  and  when  they  are  jurt 
equal,  no  E.M.F.  other  than  the  impressed  is  left  to  act  on  the  circuit, 
the  resultant  and  impressed  EM.F.'s  are  identical,  and  there  is  nophave  dis- 
placement.    This   condition  is  called  nuonanet  and  is  shown  in  Fig.  8. 


Fzo.  3. 


The  curves  hjj.hjj„  and  e^cce,  are  equal  and  opposite  at  every  w.  ■ 
and  neutralise,  leaving  the  impressed  E.M.F.  as  the  only  one  afeting  on  the 
circuit. 

The  conditions  for^reeonanoe  then  are,  that  with  a  given  frequency  sad 
current  the  capacity  and  inductance  be  so  related  that  the  counter  £.lLF.'t 
set  up  by  them  are  equal,  or  it  may  be  stated  another  way.  If  in  an  attsr- 
nating  current  circuit  an  inductance  and  a  capacity  be  eonneotad  in  ssiiii* 
either  of  which,  if  inserted  in  the  circuit  aloncc  reduces  the  uuneut  flow  tks 
same  amount,  resonance  occurs  and  the  current  flow  is  not  ehangad  by  tks 
presence  of  the  two  in  9eriM, 
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Tb«  formula  for  alternating  current  flow  in  a  circuit  eontainins  leeistance, 
inductance  and  oaimcity  ia 

'  — 

(i) 


y/^+(i._J_J 


in  whieh  E  =  E.M.F.  (Impreflsed  volts), 

I  =  Current  In  amperes, 
Ji  =  ReBistanoe  in  ohms, 
L  =:  Inductance  in  henrye, 
J  =:  Capacity  in  farads, 
•1  =  2*/=  6.28  X  frequency  in  cycles  per  seeond. 

If  tbe  capacity  and  inductance  effects  neutralise, 

Xm  =  — 7 1     and      Im 7  =  0,  (S) 

and  formula  (1)  becomes 

/=-f--  =  f.  (3) 

which  Is  simply  Ohm's  law,  showing  that  the  current  flow  Is  opposed  only 
by  the  resistance. 

The  farad  is  too  large  a  unit  for  practical  work,  capacities  seldom  being 
more  than  a  few  micro-farada  (or  one  millionth  of  a  farad).  If  /  be  taken 
in  micro-farads  and  called  /«.  then  for  resonance 

j^  _  1,000,000 


=  V^ 


also  •i  =  2i^. 


1.000.000^  ^ 


TW^  ,=  ^^/!^.  TO 


which  is  the  frequency  at  which  resonance  will  occur  for  a  capacity  Jm 
and  an  inductance  L.  Since  the  opposing  E.M.F.  of  the  inductance  in* 
creaeee  with  increase  of  frequency,  and  that  of  the  condenser  decreases, 
with  a  siven  inductance  and  capacity  there  is  only  one  frequency  at  whid» 
they  will  neutralise  and  resonance  result,  and  if  tms  frequency  be  changed, 
the  Klf.F.  of  one  will  increase  while  that  of  the  other  will  decrease,  thus 
destroying  the  balance  between  the  two. 

As  an  example,  assume  a  circuit  having  an  inductance  of  0.44  henry, 
and  a  capcuaty  of  10  micro-farads.     For  resonance  the  frequency  must  be 

,       1  ^/l,000,000     ^       ,  . 

/=  ^  Vg^j^^^  =  60  cycles,  per  second. 

The  opposiug  inductance  and  capacity  E.M.F/S  often  set  up  local  poten- 
tials very  greatly  in  excess  of  the  impressed. 

Since  the  voltage  required  at  the  terminals  of  an  Inductance  to  force  a 

X 
given  current  through  it  =  iE|  =  «Ir/,  and  for  resonance,  /  =  st  ^be  voltage 

mt  the  inductance 

_         Emit  ^Mk 
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CD 


Also  the  voltage  required  to  send  a  gtyen  current  through  s  oondonaer  = 

/  X  1,000,000  _  E  X  1,000,000         ^ 

»Jm  Jiun/m 

AMume  the  eironlt  of  0.44  henry  16  micro-f arada  and  6  ohms. 

/  =  60  cycles, 
Impressed  E.  M.  F.  =  260  rolts, 

the  voltage  at  the  terminals  of  the  inductance, 

260  X  0.44  X  2v  X  00 


^«  = 


=  8280to1U, 


while  the  volts  at  the  condenser  terminals 

_  -.  _     2B0  X  1,000,000    _,.^_,^, 
-  ^'=Sx2irXflOXl6  =  ^^^^^*'' 

which  is  the  same  as  the  voltage  at  the  terminals  of  the  induotanea. 

Fig.  4  shows  the  diagram  <h  such  a  eareuit  and  indicates  the  poteiitiaii 
between  the  different  terminals. 


•OAHfEMS 

Fra.  4. 


From  the  foregoing 
this  loct 


it  is  obvious  that  the  smaller  the  insiBta the 

iter  will  be  tEis  local  voltages  set  up  by  the  capacity  and  indwotanesi 
Tor  instanoe,  if  in  the  previous  example  the  resiatanoe  were  9^  ohms 
instead  of  5  ohms,  the  current  flow  would  be  100  amperes  and  the  poten- 
tial at  the  terminals  of  the  inductance  and  of  the  condenser  would  bs 
16,680  vohs,  the  impressed  E.M.F.  being  only  260  volU  as  befoie. 

In  practice  the  capacities  and  inductances  are  seldom  so  reiatad  as  to 
allow  complete  resonance  to  occur  at  commercial  frequendea,  though  wlieo- 
ever  a  capadty  and  indiictance  are  in  series  the  partial  neutraliaation 
which  takes  place  is  liable  to  increase  the  E.M.F.  locally  to  a  higher 
than  that  of  the  impressed. 

All  the  foregoing  is  based  on  an  impressed  E.M.F.,  which  is  a  pure 
function. 

In  practice,  however,  the  E.M.F.  wave  differs  more  or  leas  from  tbii 
form,  and  may  be  considered  as  the  resultant  of  several  Dure  sine  waves 
of  varying  amplitudes  and  frequencies.  Those  waves  whicai  have  a  hi^ber 
frequency  than  the  impressed  RM.F.  wave,  are  termed  higher  or  upper 
harmonics.  Although  the  frequency  of  the  impressed  ELM .F.  may  not  ce 
suffidently  high  to  produce  resonance,  some  one  of  the  component  wav« 
or  "upper  hsjrmonics"  may  have  a  frequency  at  which  reamanoe  will  re- 
sult. From  equations  (6)  and  (7)  it  is  dear  that,  with  a  given  i  raiiirsnns 
in  drcuit,  the  rise  in  E.M.F.  due  to  resonance  is  proportional  to  the  cm- 
pressed  E.M.F.,  and  dnoe  the  voltage  of  the  upper  harmonica  ia  usuaBy 
small,  the  rise  in  KM.F.  cannot  be  great. 

When  resonance  occurs  with  one  of  the  upper  harmonics,  the  wmve  farm 
of  the  current  becomes  greatly  distorted,  because  wfaOe  Uie  other 


reactance  (i 


must  force  the  current  against  both  the  resiatanee  and  the 
.e.,  inductance  and  capacity  B.lf.F.'s),  this  partiendar  wave 
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hM  only  to  oTwoon*  tb*  ohmio  retitUnee  and,  thartfora,  itndi  s  greater 
eorrant  through  the  oirouit  in  proportion  to  it*  Toltage  than  do  the  other 
EJf  .F.  waves. 

AJl  theM  eonaideratione  apply  only  to  eirouitt  in  whieh  the  induetance, 
ntistanoe  and  oapaoity  are  in  nries.  If  the  induotanoe  and  eapadty  be 
eonneoted  in  parallel,  as  shown  in  Fig.  5,  there  ean  be  no  riae  of  voltage 
above  the  impreaaed  even  if  the  two  be  in  reaonance,  but  eurrenta  greater 
than  tboae  aupplied  by  the  aouroe  of  impreaaed  E.M.F.  may  aurge  back 
and  forth  through  the  looal  oirouit.  joining  the  condenaer  and  the Induat- 
aaee,  and,  unkaa  the  ranatanoe  be  nigh,  the  eurrent  aant  through  the  main 


Fio.  6. 

eireolt  will  be  greatly  redueed:  Indeed,  if  the  reaiatanee  ware  aero,  the  altera 
nator  eould  not  aend  any  eurrent  whatever  through  the  elrouit,  for  at  every 
value  of  the  impreaaed  E.M.F.  there  would  be  an  equal  and  oppoaite  E.M.F. 
either  from  the  eondenaer  or  induotanoe,  and  the  reeultant  or  active  E.M.F. 
beoomea  aero.  This  oondition  ia  repreaented  in  Fis.  0  in  whieh  the  curve  • 
repreaenta  the  impreaaed  E.lf  .F.  e  ia  the  ounre  <»  eondenaer  eumtU,  and 
L  of  euntfU  in  the  inductance.  The  condenaer  eurrent  ia  00*  in  advance 
of  the  hnpreaaad  'EMsF.   while  the  induotanoe  eurcent  la  00*  behind  it. 


Fi«.  6. 


there  being  no  reaiatanee  in  the  oirouit.    The  aum  of  the  two  eurrenta  then 
ia  alwaya  equal  to  aero,  aa  may  be  seen. 

The  phyaical  conception  oithta  condition  ia  that  of  current  flowing  into 
the  condenaer,  charging  it,  while  the  previoua  atored  enensy  in  the  induct- 
ance diachargea.  Tnia  diaoharge  aeta  up  an  E.M.F.  oppoaing  the  impreaaed 
E-MJ.,  and^alao  fumiahea  the  current  aupply  to  charpe  the  condenaer. 
On  reveraal  of  the  impreaaed  E.M.F.  the  condenaM*  diachargea  into  the 
Imductanoe,  at  the  aame  time  aetting  up  a  counter  £Llf.F.  to  oppoaa  the 
flow  of  ewrant  from  the  Une. 


il  of  n 
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diiplua  the  plua«  r* ,  _-   — , , -^^ -_ 

flow  in  tha  nuuo  circuic.  but  thii  will  oftsn  bs  log  in  unouiit  tt 

Aa  tD  aotukl  met,  oonxldB'  tba  brannh  circuit  Bhown  In  Fig.  5. 
A  iufl  ui  induDlADH  of  .03  bcnir  uid  &  oluna  reaiituice,  Br&x 
B  CiKpaolt*  of  Mml<ii>-f*nidB,iuid  amiitwiceof  Soluii*.  r»qiu 
ejcla*  per  aeaond,  and  liupraued  E.U.F.  :=  lOO  Tolta. 


Impeduio*  ot  brancb . 
Carreol  throngli  bnn 


=  VW  +  (6.2S  X  too  X  .we  =  13i 

Il  ^  =  1^  =  T.U  unpOTM. 


oorretpDUdliig  to  an  uigla  ot  6S°  -  W. 

Impeduce  of  branch  £=  V  t*)*  +  (gi^^jST^  b^'=  ^^^ 
CniTODt  tbrongh  branch  S  ^  ■        ^  3XC  unporw- 


Tan.  an^leof  load  = 

■ponding  to  an  angle 


i(T6°-6f. 


■a  ralaUon,  tba  (^  b 
beat  be   done  ^atib 


Combining  thne  two  curraotg  in  thtjr  prppo' 

t  through  the  main   circuit.     Thu  c 

calLy  aftar  tba  uAual  manni 

In  Fig.  7  lat  the  horiionta]  fine  OS  rtpraasit  the  io- 
pnoadKU.F.  and  be  tbe  refOBiea  line.  FromOalia 
angle  of  68°  -  tS'  upwarda  lay  off  7.42  amjwna  lo  aor 
suitable  Kale.  At  an  angle  of  75°  -  M'  downmrd. 
,  lay  ofl  3.0G  araperea.  Completa  tha  parallek«ram.  M 
indintad  by  the  dotted  lina,  ThadtaconkKnioiOgira 
the  Talue  of  the  r«aultanl  aurrent  thmugh  tba  mabi 
circuit  as  £.34  ampana,  and  ahowi  ain  that  it  ia  IxUbiI 
the  Impreaeed  E.fi.F.  by  «°  -  36'.  This,  h  wiU  ha 
aa«i»  in  l^e  current  than  would  flow  through  tha  omit 
by  branch  A   if  the  parallel  hranch  B  wan  fntiRty 

If  the  naetanea  E.H.F.'a  haT*  the  aaBM  vataa.  tta 
oanaoitr  being  .OOOOB  farad  {-  50  miero-Iaiadi).  th» 
Indiwtaaoe  witl  be  equal  lo  .0600  hmry.  Asume  ttal 
tha  reaiatance  lo  branch  B  rnoaini,  ■^>^^  ■a'ta^ 

V(a6)i  +  (31.S3)>  -  40.47  and  onirent  -  ^g","*  * 

amparei.     Tan.  of  tbe  angle  of  Ug  —  — ^     —  |.IH. 

forTaapoadlng  to  61*  -  W.     Gomblning  tbeee  ntaaa 
»«i  at  an  aogke  of  lead  of  76>  -  64*  In  Fig.  8,  IW  nnii- 
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ant  onirent  is  2.49  amperes,  and  has  an  ancle  of  lead  • 
currant  is  lees  than  that  in  branch  B  alone. 

For  the  currents  in  two  parallel  branches 
to  balance  each  other,  so  that  the  resultant 
Vmrrent  through  the  main  circuit  is  brought 
in  phase  with  the  impressed  RM.F.,  the 
following  condition  must  exist. 

The  amperes  flow  through  one  branch, 
multiplied  ny  the  sine  of  the  angle  of  lead  or 
lag  of  the  current  (referred  to  the  impressed 
EJI.F.),  must  be  equal  to  the  amperes  tprough 
the  other  branch  multiplied  by  the  sin  of 
its  angle  of  lag  or  lead.     That  is: 

/iXsin  ^=/.  xsin  ^,  in  which  /j  and  /, 
are  the  currents  throujgh  the  two  branches. 
^  is  angle  of  lag  of  /}  and  ^  Is  angle  of  lead 

If  in  branch  B  o%  two  parallel  cirouits  the 


40  -  24*.    This 


and 


Impressed  E.M.F.  =  J?, 

Capacity  =  J^ 

Beeistanoe  =  R, 


the  impedance  =   y  iP+  (^)  > 
m  being  6.28  X  frequency. 

The  ourrent  = 


Fio.  8. 


S 


1 
Tan  of  the  angle  of  lead  =  -^, 

from  which  the  angle  and  its  sine  are  found.  In  branch  A,  either  the  resist- 
ance or  reactance  must  be  known.  Calling  /,  the  current  and  ^  the  angle 
of  lead  in  branch  Bt  7|  the  ourrent  in  branch  A^  and  ^  its  angle  of  Ug, 


/,  sin  ^  =  /|i  sin  ^, 

-,      ,  sin  A 

Tan^=  ^ 


Im 


where  Ri  is  the  known  or  assumed  resistance  in  branch  A. 

Ri^  X  sin>  ^  =  Z3u2  (1  —  8in«  ^), 


W 


wbenoe 


-*=V^ 


/i  = 


IM* 


i9> 


/^  sin  ^  = 
Calling  /,  sin  ^  =  #,  and  solving, 


ELm 


i?,3»  4-  i8»2 


=  /,  sin  ^. 


E 

2$ 


V/^-^'- 


w 


(11) 


When  iZ|>  is  equal  to  or  greater  than  j^  the  quantity  under  the  radical 

becomes  seroor  negative,  and  there  Is  no  reactance  which  will  compensate 
for  the  effect  of  that^in  the  other  branch,  the  resistance  being  too  high. 
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The  sign  before  the  radloal  being  either  plus  or  minus,  tbfire  ar«  two  ^ 
of  reactance  with  a  given  resistance  which  will  compensate  (if  Rx  be  not  too 

Keat) .   The  lesser  reactance  will,  of  course,  permit  the  greater  oarroDt  flow, 
>th  through  branch  A  and  the  main  circoit. 

As  an  example,  assume  a  resistance  of  8  ohms,  a  condenser  oapaeity  of 
00  micro-farads  in  branch  B ;  also  a  frequency  of  100  cycles  per  seeoiid,im' 

Eressed  £3f  .F.  =  100  volts,  and  a  resistance  of  10  ohms  in  branoh  A.  what 
iductance  must  be  inserted  in  branch  A  to  compensate  for  the  raaetance  la 
branch  JB  7  Amperes  through  branch  JB  =  /.  =  3.06.  Angle  of  lead  =  10" 
64"  =  .^.    Sin  ^  =  .90987. 

A  sin  ^  =  3X5  X..96887  =  aJ681  =  «. 
Substituting  In  formula  (11) 


2  X  S.8B81  ^  V  4  X  <2J881)»      ^    ' 
Im  =  16.902  ±  13.614=:  |  ^^  • 

3  288 
Taking  the  first  val  ue,       Tan  ^  =  -^g-  = .  3288, 

corresponding  to  an  angle  of  IS^'  — 12", 

sin  ^  =  .31233. 

Current  through  ^  =: =  a.47  amnww. 

\/(io)»T(83^ 

/  sin  <^  =  0.47  X  ^123  =  2J»97, 

which  (within  the  limits  of  tabulated  values  of  functions  of  angles)  eheekf 
with  the  value  of./  stn  ^. 


Flo.  9. 

The  resultant  current  in  the  main  circuit  is  found  graphicaUy  —  shovn  bv 
full  lines  in  Fig.  9  —  to  be  9.76  amperes,  and  in  phase  with  tae  impiusid 
E.M.F. 

If  the  greater  value  of  Z«»  be  taken, 

Tan  ♦  =  ^^=  3.0516  =  Tl^-BO", 

sin  4,  =  0Jte015. 

Current  ttirough  branch  A  =  — _  =r  8.12  amperes. 

V(10)>  +  (30JM6)> 

/,  sin  4>  =  3.12  X  0.96015  =  2.904,  which  checks  with  /,  sin  ^  (within  Units  «f 
tables  of  functions  of  angles). 
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Besnltant  eurrent  la  found  mphloally,  as  shown  by  dotted  lines  In  Fig.  9, 
to  be  1.72  amperes,  and  is  in  phase  with  the  impressed  B  JfI.F. 

From  the  foregoing  equations  it  can  be  seen  that  If  !«•  be  known  and  R^ 
is  the  quantity  to  be  determined, 


^=Vm-^)' 


(12) 


If  IL  and  L  of  braneh  A,  and  R^  of  branch  B  are  known,  the  capacity  re- 
quired In  branch  B  la  found  from  the  formula, 

y.= '■^;'»°  («) 

In  which  0  as  /j  sin  ^. 

If  A|,  L,  and  Jm  be  known, 

If  «^  be  taken  in  farads,  formula  14  becomes, 


^ 


THB  ELECTRIC  AUTOMOBILE. 

RsvisBD  BY  Albzandbr  Chdrchwajko. 

Thb  Electric  Automobile  has  proved  itself  Burcessful  for  delivery  __ 
In  cities  and  locations  where  the  roads  are  fpood  and  the  distaooe  travded 
per  day  is  from  fifteen  to  fifty  miles,  the  distance  being  decreased  in  pn>- 
portion  to  ihe.loads  carried.     See  Motor  Worlds  1909. 

Where  theMistance  traveled  per  day  under  ordinary  road  oonditioaa  a 
lees  than  ten  miles  and  the  speed  low,  the  service  can  be  performed  at  a 
lower  cost  with  horse  drawn  vehicles. 

Where  the  distance  traveled  per  day  is  greater  than  fifty  mfles  for  tfat 
lifter  vehicles  and  twenty-five  for  the  heaviest  type,  the  gasolene  deetrie 
gives  better  results  than  those  whose  source  of  ener^  is  a  storage  batter^'. 

The  above  statements  should  be  taken  as  applying  to  general  oonditioie. 
Where  the  conditions  are  in  any  way  special  or  severe,  cost  of  opermtioD  hj 
each  of  the  three  systems  should  be  carefully  computed. 

Owing  to  the  cost  of  a  horse  and  wagon  being  loss  than  a  motor  driven 
vehicle,  a  certain  amount  of  work  must  be  performed  each  day  before  the 
efficiency  of  the  automobile  becomes  apparent. 

The  actual  cost  of  gasolene  is  generally  found  to  be  greater  per  vehieie 
mile  than  the  cost  of  charging  storai^  batteries  of  automobiles  for  equl 
loads  over  the  equal  distances  within  the  limits  above  given.  Osrtois 
limits  'to  daily  travel  will  therefore  be  found  when  each  type  of  trsna- 
portation  is  cheapest. 

(For  a  more  detailed  discussion,  see  Motor  World  on  "  Iinprovemeat  of 
the  Electric  Vehicle."  May  14,  1908.  "Commercial  Vehicle  Problems."  — 
Motor  World,  Oct.  1,  1908.  "The  Horsepower  of  the  Horse.*' — Meti<r 
Worid,  1908. 


ReelstaBC*  Dae  to  e^rmrltj^  wad  Power  Soqatrod. 

W.  WoRBT  BBAuifoiirr. 


Tlie  horse-power  reauired  to  overcome  wei||^t,  speed,  road  reaJstaiwy, 
gravity  resistance,  and  efficiency  of  transmission  between  anxtature  dbsft 
and  road  wheel,  may  be  found  as  follows: 

Lei    R  ■"  the  remstanoe  to  traotion  of  the  vehicle  on  the  road  in  pomdi 
per  ton. 
O  *  the  resistance  due  to  gravity  in  pounds  per  ton. 
W  *  total  weight  on  the  wheels  in  toq^. 

V  «  speed  in  feet  per  minute. 

V  «■  speed  in  miles  per  hour. 

E  —  mechanical  efficiency  of  transmission  &om  armature  shaft  to  road. 

P  *  brake  horse^wwer. 

s  —  efficiency  of  motor. 

p  —  watts  supplied  to  motor. 

^  33.000^     '   ^"  (fi  +  G)ir'  ^"^ 

p       {R-\'Q)Wx,  .  PS  276  ^ 

(/l+O)-^^.  (3)  p-746|.  (7) 

„      iR  +  G)vW 

^  P376        •     ^*^ 

For  a  more  detailed  discussion  of  the  meehanios  of  traotion  see  Ekdric 
Traetion, 
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Sestetaace  to  Trvctloa  on  Coat 

W.  WORBT    BbaUMONT. 


Road  Surface  Material. 


Asphalt 

Wood,  hard 

"      aoft 

Macadam,  very  hard  and  smooth    .    .    . 

!*         traffic  rolled,  wet 

**          steam  roiled,  new  and  muddy 
**         new,  flat  spread 

Gravel      

Granite  tramway 

Iron  plate  tramway 


Resistance  in  Lbs.  per  Ton. 


On 

On 

Iron-tired 

Solid  Rubber 

Wheels. 

Tires. 

22      to 

28 

35 

to     40 

22      *• 

26 

40 

"      45 

80       " 

38 

40       •• 

45 

35 

"     40 

45       " 

52 

52       " 

58 

68      •• 

62 

05       •• 

105 

100       " 

140 

12.5  •• 

15 

10       " 

12 

In  most  cases  these  resistances  increase  slowly  at  higher  speeds,  and  it 
must  also  be  noted  that  the  resistance  on  bad,  soft,  and  gravel  roads  will 

Krobably  be  greater  with  propelling  wheels  than  with  most  hauled  wheels, 
lost   ot  the  figures  relate  to  road  resistance  at  walking  or  slow  trotting 
pace. 

Tiros. 

Solid  rubber  tires  have  a  higher  resistance  than  steel  tires  on  asphalt 
roads  and  have  less  resistance  on  nuMndam  and  other  roads.  The  per- 
fectly smooth  surface  of  the  asphalt  produces  a  drag  on  the  rubber  tires, 
thus  increasing  their  resistance.  Pneumatic  tires  are  best  adapted  to 
roads  with  sliuit  IneQualities,  and  for  pleasure  cars  run  at  high  speeds. 
For  both  solid  and  pneumatic  tires,  the  draw-bar  pull  reauired  to  over- 
come the  rolling  resistance  depends  on  the  speed.  This  subject  has  been 
investigated  by  Mr.  Alex  Churchward,  and  the  resulta  of  his  tests*  are 
reprinted  below: 


Material  of  Road. 


Grade. 


Asphalt 

Macadam  .  .  .  . 
liacadam  .  .  .  . 
Belgium  block  . 
Asphalt  .  .  .  .  . 
Macadam  .  .  .  . 
Asphalt  and  brick 
Asphalt 


Level ' 

1.1% 

Level 

0.6% 

4.7% 

3.76% 

3.126% 

2.25% 


Draw-Bar 

Miles 

^.•^ 

Pull  in  Lbs. 

per  Hour. 

24 

12 

Solid 

37 

12 

Pneumatic 

48 

11 

Solid 

66 

10.6 

Pneumatic 

20 

12 

Solid 

44 

12 

Pneumatic 

260 

5 

SoUd 

270 

5 

Pneumatio 

132 

7 

Solid 

150 

7 

Pneumatio 

114 

8 

Solid 

128 

8 

Pneumatio 

05 

8.5 

Solid 

110 

8.5 

Pneumatic 

86 

8.8 

Solid 

108 

8.8 

Pneumatio 

*  See  Th«  Commercial  Vehicle,  April,  1006. 
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The  present  seneral  practice  is  to  install  one  seiies  wuond  motor  on  all 
except  the  veiy  larsest  trucks.  However,  under  certain  conditions  of  road 
bed  and  the  type  ot  tires  used,  it  may  be  advantageous  to  use  even  a  four- 
motor  four-wheel  drive.  Usually,  however,  under  fair  road  conditions,  one 
larse  motor  has  proved  more  efficient  than  a  number  of  smaller  ones. 

A  normal  voltage  has  been  adopted  at  80-85  volts  to  correspond  with  the 
minimum  discharge  voltage  of  batteries  adapted  to  110-115  volt  charging 
circuit.  Some  of  the  motors  are  designed  for  operation  at  increased  speeds 
by  shunting  the  fields  with  a  resistance,  especially  on  the  higher  speed  pleas- 
ure vehicles.  This  practice  is  considered  preferable  to  commutating  the 
batteries. 

Contvollera. 

In  the  past  few  years,  the  number  of  speed  points  has  been  almost  doubled, 
combining  this  with  the  latest  type  of  control  by  the  continuous  torque 
system;  the  handling  of  a  vehicle  is  now  smooth  and  more  efficient.  There 
is  no  perceptible  jar  or  shock  when  going  from  one  speed  point  to  anotiier 
and  the  result  is  that  the  maintenance  of  the  entire  vehicle  has  been  con- 
siderably reduced. 


The  standard  equipment  for  the  wagons  and  trucks  is  44  oells  of  the  lead 
type  of  stora^  battery  or  60  oells  of  the  ^ison  t^rpe  and  of  a  suitable 
ampere  capacity.  Ttiese  numbOTs  permit  of  charging;  from  the  lighting 
companies  feeders  at  110-115  volts  with  a  minimum  Toss  in  the  charging 
rheostat.  Runabouts  and  other  very  small  vdiides  are  equipped  with 
24  or  30  cells  of  moderate  ampere  capacity,  as  a  saving  in  weimt  is  thereby 
obtained  over  44  odAs  of  smaller  ampere  capadtjjr  that  more  than  offiMts  the 
loss  in  the  dukri^ne  resistance.  A  battery  can  be  supplied  to  meet  almost 
any  requirement  of  travel  in  miles  per  day,  but  it  is  generally  found  that  the 
weifl^t  of  battery  required  for  distances  above  50  miles  per  day  for  lifl^t 
commercial  vehicles  and  25  miles  per  day  for  the  heaviest  so  reduces  the 
efficiency  of  the  automobile^  as  a  whole  that  the  gain  over  other  methods  of 
transportation  is  not  so  marked  as  it  is  with  the  battery  of  standard  sise. 

The  following  lists  of  batteries  may  be  used  ae  a  guide  in  aaleoting  those 
for  any  equipment: 

Tke  Mecirtc  Btmwmt^  Batterj  Coaipaaj. 


Type  MV  "Exide. 


*• 


TvpePV 
"Exide." 


Number  of  plates 


Discharge  in  amperes  for  4 
hours 


7 
21 

0 
28 

11 
35 

13 
42 

15 
49 

17 
50 

19 
63 

21 

70 

5 

12 

7 
18 

9 
24 

11 


30 


of  plates: 
Width  . 
Height     . 


51    5}    51    5|    51 
81    81    81    81    81 


11 


1 11  it  8?  11' II*  11* 


Outside    measurements    of 
mbber  jars,  in  inches: 

LsDgth 

Width 

Height 


3^   4|   5     51 
121 121 121 121 


121 121 


8 


ft 


Allow  I  inch  above  the  top  of  jars  for  straps. 


Weight  in  pounds: 


ement 
Eleetrolyte 
OomplateeaD 


34 
4i 

41 


30 
5 
46« 


54i 

7 

661 


10 

1 

14i 


14 
2 


18 
3 


\ 


22 
24(29} 
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THE   ELECTRIC   AUTOMOBILE. 


ClovUI  Storac«  ]B»tt«rj  Coat] 


TypeEP. 

Flatfls 
61  X  8| 


TypeTP. 
Plates 
6}  X8| 


TvmNP. 
41  X8|. 


Number  of  plates   . 


11 


13 


15 


17 


19 


9 


11 


13 


7      9 


11 


Diaoharce  in  amperes 
at  four-hour  rate 

Capacity  at  four-hour 
rate  of  discharge 


42 
\6S 


49i 
198 


57 
228 


64i 
258 


72 

288 


21 

84 


28 
112 


35 
140 


42 
168 


12 

18 

M 

48 

72 

M 

ISO 
120 


Outside  dimeusioDs 
of  rubber  jar  in 
inches: 

Lensth     .    .    .    , 
idth 


Wit 
Height 


5 

6* 
12 


P 

12 


12 


12 


8 
6i 
12 


12 


12 


n 

12 


5 
6i 
12 


f^ 


2{ 


Weight  of  cell  complete: 
Pounds     .... 


45 


53 


61 


69 


77 


24i 


31i38i 


45» 


14i 


19i24i 


291 


To  height  of  jar  add  i  inch  for  straps,  and  1  indi  for  bottom  of  tray. 


Rules  for  the  Proper  C»re  of  Ilatterles. 

A  battery  must  always  be  charged  with  direct  current  and  in  the  riijbl 
direction. 

Be  careful  to  charge  at  the  proper  rates  and  to  give  the  rii^t  amount  ci 
charge;  do  not  undercharge  or  overcharge  to  an  excessive  degree. 

Do  not  bring  a  naked  flame  near  the  battery  while  charging  or  immediataiy 
afterwards. 

Do  not  overdischarge. 

Do  not  allow  Uie  battery  to  stand  completely  discharged. 

Voltage  readings  qhould  be  taken  only  when  the  battery  is  chaifizig  or 
discharging;  if  taken  when  the  battery  is  standing  idle  they  are  of  btUe  or 
no  value. 
-  Do  not  allow  the  batt«y  temperature  to  exceed  lOCT  F. 

Keep  the  electrolyte  at  the  proper  height  above  the  top  of  the  plates  and 
at  the  proper  spedno  gravity.  Use  only  pure  water  to  replace  evaporatioa. 
Never  {uUTacitf  tixovpi  under  conditions  as  explained  in  the  instraetioiis. 

Keep  the  oelb  free  from  dirt  and  all  foreign  substances,  both  solid  and 
liquid. 

Keep  the  battery  and  all  connections  dean;  keep  all  bolted  oonneetKMii 

If  there  is  lack  of  capacity  in  a  battery,  due  to  low  oeUs.  do  not  dehy  n 
locating  and  bringing  them  back  to  condition. 

Do  not  allow  secument  to  aooumulate  to  the  level  of  the  plates. 


BLBOTROOHBMISTRY.  -  BLBCTRO- 
MBTALLUBGY. 

Rbtuudd  bt  PaorBBSOBB  F.  B.  Crocxxb  and  If.  Abbndt, 
OF  Columbia  Unitsbsity. 

Slectrol  j«ls :  The  separation  of  a  ohemloal  oompound  into  its  oonstit- 
nente  by  means  of  an  eleotrio  onrrent.  Faraday  gare  the  nomenclature 
relating  to  electrolysis.  He  called  the  compound  to  be  decomposed  the 
Electrolyte,  and  the  process  Electrolysis.  The  plates  or  poles  of  the  battery 
he  called  Electrodes.  The  plate  where  the  greatest  potential  exists  he  called 
the  Anode,  and  the  other  pole  the  Cathode.  The  products  of  decomposition 
he  called  Ions. 

Lord  Bayleigh  found  that  a  current  of  one  ampere  will  deposit  0.017253 
grain,  or  0.001118  gramme,  of  sUver  per  second  on  one  of  the  plates  of  a  sil- 
ver  Toltameter.  the  liquid  employed  oeins  a  solution  of  silver  nitrate  con- 
talnlng  from  lojper  cent  to  20  per  cent  of  the  salt. 

The  weight  oT  hydrogen  similarly  set  free  by  a  current  of  one  ampere  is 
.00001044  gramme  per  second. 

Knowing  the  amount  of  hydrogen  thus  set  free,  and  the  chemical  equiya- 
lents  of  the  constituents  of  other  substances,  we  can  calculate  what  weight 
of  their  elements  will  be  set  free  or  deposited  in  a  given  time  by  a  given 
current. 

Thus  the  current  that  liberates  1  gramme  of  hydrogen  will  liberate  7.04 
ipranmies  of  oxysen,  or  107.11  grammes  of  silver,  these  numbers  being  the 
chemical  equivalents  for  oxygen  and  silver  respectively;  the  chemical 
eouivalent  being  the  atomic  weight  divided  by  the  effective  valency. 

To  dnd  the  weight  of  metal  (topoeited  by  a  c^ven  current  in  a  given  time, 
find  the  weight  of  hydrogen  liberated  by  the  given  current  in  the  given 
time,  and  multiply  by  the  chemical  equivalent  oithe  metal. 

Thus:  Weight  of  silver  deposited  in  10  seconds  by  a  current  of  10  amperes 
=:.  weight  of  hydrogen  liberated  per  second  X  number  seconds  x  current 
strength  x  107.11  =  .00001044  X  10  X  10  X  107.11  =  .1118  gramme. 

Weight  of  copper  deposited  in  1  hour  by  a  current  of  10  amperes  = 
.00001044  X  3600  X  10  X  81 J56  =  11.86  grammes. 

.    Since   1  ampere  per  seoond  liberates  U)0001044   gramme  of  hydrogen, 
strength  of  current  In  amperes 

__  weight  in  grammes  of  H.  liberated  per  second 

"■  .00001044 

weight  of  element  liberated  per  second        . 

"^  .00001044  X  chemical  equivalent  of  element 

of  ]M1«te  Solpbarlc  Add. 

(Jamin  and  Bouty.) 


Ohms  per  e.e.  at 

Ohms  perCu.  In.  at 

Density. 

1% 

&9 

&9 

Sri 

1.1 

1.2 

1.26 

13 

1.4 

13 

1.6 

1.7 

1.37 
1.33 
1.31 
1.36 
1.69 
2.74 
4.82 
9.41 

1.04 
.926 
.896 
.940 
1.30 
2.13 
8.62 
6.26 

.845 
.666 
.624 
.662 
1.06 
1.72 
1?.76 
4.23 

.787 
.486 
.434 
.472 
.896 

\m 

2.21 

zsn 

.640 
J^24 
.516 
.535 

.000 

1.16 
1.90 
3.71 

.400 
.364 
.363 
.370 
JS12 
.888 
1.43 
2.46 

.833 
.262 
.246 
.260 
.413 
.677 
1.06 
1.67 

.290 
.191 
.171 
.186 
.863 
.098 
.870 
1.21 
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of  MvlpliAte  of  Copper  »t  lO*'  C.  or 

(Ewlng  and  MacQregor.) 


ftO"  jr. 


Density. 

Ohms  per 

Density. 

Ohms  per 

e.e. 

Gu.  In. 

c.c. 

On.  In. 

1.0167 
1.0216 
1.0818 
1.0622 
1.0668 
1.1174 

164.4 
134.8 
98.7 
69.0 
47.3 
88.1 

64.8 
63.1 
38.8 
23.2 
18.6 
16.0 

1.1386 
1.1432 
1.1679 
1.1829 
1.2061  ) 
Saturated ) 

36.0 
34.1 
31.7 
90.6 

'     29.3 

13.8 
13.4 
12.6 
12.0 

11.6 

SeafstOBCOS  of  ftalphoto  of  Ztoc  at  10°  G.  or  ftO<*  W, 


Ohms  per 

Density. 

Ohms  per 

Density. 

c.c. 

On.  In. 

C.C. 

Cu.  In. 

1.0140 
1.0187 
1.0278 
1.0640 
1.0760 
1.1019 
1.1682 
1.1846 
1.2186 
1.2662 

182.9 
140J> 
Ill.l 
63.8 
60.8 
42.1 
33.7 
32.1 
90.3 
29.2 

72.0 
66.3 
43.7 
25.1 
20.0 
16.6 
13.3 
12.6 
11.9 
11.5 

1.2709 
1.2891 
1.2896 
1.2987 
1.3288 
1.3630 
1.4063 
1.4174 
1.4220  ) 
Saturated ) 

28.5 
28.3 
28i> 
28.7 
29.2 
31.0 
32.1 
33.4 

33.7 

11.2 
11.1 
11.2 
11.3 
11.6 
12.2 
12.6 
13.2 

13.3 

Specific  resistance  of  fused  sodium  chloride  (common  salt)  at  various 
temperatures. 

Temperature  Cent.       72fP    740^    760°    770°    780o 
Ohms  per  on.  cm.  .348    .310     .294    .266     .247 

Appllcotions  of  ElectrocbevOstrj. 

The  word  electrochemistry  is  here  used  to  include  electrometallursy,  as 
there  is  no  seneric  term  for  the  two  subjects.  Electrochemistry  may  be 
defined  as  that  branch  of  science  relating;  to  the  electrical  production  of 
ohemioal  substances  and  chemical  action  or  to  the  generation  of  electrical 
energy  by  chemical  action.  On  the  other  hand  electrometallurgy  is  the 
branon  of  science  that  relates  to  the  electrical  production  and  treatment  of 
metals.  The  two  subjects  are  based  upon  the  same  principles,  the  theory, 
laws  and  data  of  one  being  applicable  to  the  other.  Hence  it  is  proper 
and  now  customary  to  combine  them  imder  the  head  of  electrochemistry. 

Electrochemistry  may  be  subdivided  as  follows: 

A.  Eloctrolyttc  ClieBilatry,  which  consists  in  separating  or  produc- 
ing other  action  upon  chemical  substance  by  the  decomposing  effect  of  an 
electrie  current  or  vice  versa.  Since  the  electrolyte  is  usually  in  the  liquid 
etate.  there  are: 

*'Wet  methods'*  with  solution. 

**I>iv  methods"  with  fused  materials. 

In  the  latter  case  the  materials  are  maintained  in  a  state  of  fusion  by  the 
heat  due  to  the  eleotrolytio  current  or  by  external  heat. 


1232  ELECTBOCHEMISTRT. 

Electrolytio  ohemlstry  is  applied  to  the  following  puipoMs: 

1.  Primary  batteriM,  indudiDg  various  forms  of  vwtaic  cell  in  iHikh 
electrical  energy  is  generated  by  chemical  action. 

2.  Secondary  or  ttorage  baUerieB  are  similar  to  the  foregoing,  but  tiw 
chemical  action  must  be  reversible,  so  that  after  periods  of  working  the  cell 
may  be  charged  or  brought  back  to  an  active  condition  by  ■'"Hij^  thnmch 
it  a  current  opposite  in  direction  to  that  which  it  generates. 

3.  Eleetrotyping  is  the  art  of  reproducing  the  form  of  type  and  other 
objects  by  electrodepoeiting  metal  on  the  object  itself  or  on  a  mold  ob- 
tained from  it. 

4.  EleetroplaimQ  is  the  art  of  coating  articles  with  an  adherent  lasrer  of 
metal  by  electrodeposition,  as  in  nickel  plating. 

5.  Euetrolytic  refining  of  metala  and  dtemiecUa  by  the  elimination  of  im- 
purities, as  in  the  conversion  of  crude  copper  ihto  pure  metal. 

6.  Electrolytic  production  of  metale  and  ckemicaU,  as  in  the  Hall  procesi 
for  extracting  aluminum  from  alumina  dissolved  in  fused  cryolite,  and  in 
the  Gastner  process  for  making  caustic  soda  and  chlorine  from  a  solutaoa 
of  comjnon  salt. 

7.  Electrolytic  ^iemical  effecte,  such  as  bleaching,  tanning,  etc. 

8.  Electrolytic  dtemical  analyeie,  as  in  copper  oetermination. 
B.  fll«ctrotbenii»1    Cbeaslstrj    includes  those  methods  in 


electric  current  raises  tlie  tonperature  of  niaterials,  usually  to  a  l^(h  degree. 


in  order  to  produce  fusion,  chemical  action  or  other  effects, 
trolyais  is  not  desired  an  alternating  current  is  fieaenlly  employed. 

9.  Chemical  action  with  electrical  heating,  as  m  the  production  oi  i«^H""» 
carbide  from  lime  and  carbon  in  an  eliactnc  furnace. 

10.  Electrical  emeUing  consists  in  reducing  metallic  compounds  at  a  high 
temperature  produced  by  an  electric  current,  as  in  the  reduction  of  iron 
ore  m  an  electric  furnace,  or  in  the  Gowles  process  for  making  ahmiiniim 
bronse  from  a  mixture  of  alumina,  carbon  and  granulated  copper. 

11.  Electric  ftmon  af^  chemicaU,  usually  those  that  are  ve^  refraetonr. 
such  as  silica  and  alumina.  It  has  been  proposed  to  make  bricks  by  DMit- 
ing  instead  of  baking  clay;  electric  heat  has  been  used  in  fumaoes  for 
melting  glass. 

12.  Electrical  heating  and  working  of  metale  consists  in  treating  metali 
mechanically  with  the  aid  of  heat  generated  bj^  electric  ounents.  as  m 
electrical  welding,  forging,  rolling,  casting,  tempering,  etc 

Strictly  speaking,  the  last  two  i4>plications  are  not  chemical,  bat  some 
chemical  actions  usually  occur  and  they  are  similar  to  the  others  in  method! 
and  results,  so  that  it  is  customary  to  consider  them  under  the  head  of 
electrochemistry. 

C.  Cliemicsil  Action  Dae  tm  Klectiical  IMaclwigyga. 

13.  Chemical  effecte  of  electrical  arce  to  produce  combinations  of  nitrogia 
and  ox^en,  for  example. 

14.  Chemical  effecte  of  electric  eparke. 

15.  Chemical  effecte  of  eUent  electrioal  diecharge,  as  in  the  produetian  of 
oaone. 

Hietorical  Noiee.  —  The  first  electrochemical  appamtus  was  the  primsiy 
battery  invented  by  Volta  in  1799.  The  next  year  Nicholson  and  Garfiris 
discovered  Uie  chemical  action  of  the  electric  current  in  decampowM  water. 
In  1807  Sir  Humphrey  Davy  gave  his  famous  lecture  "On  Some  Gnemical 
Agencies  of  Electricity,"  he  having,  the  same  year,  discovered  the  mstsli 
sodium  and  potassium  by  reducing  their  compounds  electrolytioally.  la 
1834  Faraday  eetablishedf  definite  laws  and  nomenclature  for  eleotroehas- 
istry.  From  1836  to  1839  Jacobi.  Spencer,  Jordan  and  Elkingtan  m>i«l 
these  principles  to  practical  use  in  the  makinf;  of  electrotypes.  Plsnltf 
began  the  development  of  the  storage  battery  m  1859.  Since  that  tims, 
but  mostly  after  1886,  the  theory  and  applications  of  electrochemistiy 
have  made  great  progress,  so  that  now  it  is  one  of  the  most  tmportaat 
branches  of  science  as  well  as  of  industry. 

Primary  »nd  Secondary  Battorloa. — The  various  forms  of  thosi 
batteries  may  be  renuded  as  applications  of  dectrodiemistry.  but  they  are 
treated  as  special  subjects  in  other  parts  of  this  book. 

Eleetrotyping'.  —  To  reproduce  an  engraving,  typographical  «<MiuwMi 
tion,  or  other  object,  a  mold  of  gutta  percha,  wax.  plaster  or  fusible  aOagr 
is  made  from  the  object.     If  it  is  not  a  conductor  it  is  coated  with  giaphite 
to  start  the  action,  connection  being  made  to  it  by  a  wire  or  damp  pit 
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around  it.  It  if  UMd  as  the  oathode  In  a  bath  oonfliflUng  of  a  20  i>er  cent 
solution  of  copper  sulphate  acidulated  with  2-8  per  cent  sulphuiio  acid, 
while  the  best  results  are  obtained  with  a  current  density  of  .2-.25  amperes 
per  square  inch  of  oathode  surface.  The  anode  is  a  plate  of  copper.  The 
ordinary  thickness  of  deposit  is  .01  to  .03  inch.  The  "shell"  tnus  formed 
is  seoarated  from  the  mold  and  backed  bv  a  filling  of  type  metal. 

ElectroplAttnc  an  article  with  an  adherent  ooating  of  metal  requires 
the  article  to  be  thoroughly  cleaned  mechanically  and  chemically. 

Clemming,  —  Solutions  for  cleaning  Gold,  Suver,  Copper ^  Braae  and  Zinc 
are  preparea  as  follows: 


For  copper  and  brass 

Silver 

Zino 

Iron,  wrought  .    .    . 
Iron,  cast      .... 


Water. 


100 
100 
100 
100 
100 


Nitric 
Add. 


fiO 

10 

2 
3 


Sulphu- 
ric. 


100 

10 

8 

12 


Hydro- 
chloric. 


2 
3 


Leod^  Tint  Pewter ,  are  cleaned  in  a  solution  of  caustic  soda. 

Oblects  to  be  plated  with  gold  or  silver  must  be  carefully  and  thoroughly 
freed  from  acids  before  transfer  to  the  solutions.  Objects  cleaned  in  soda 
or  those  cleaned  in  acid  for  transfer  to  acid  coppering  solutions  may  be 
rinsed  in  dean  water,  after  which  they  should  be  transferred  immediately 
to  the  depositing  solution. 

liatka  for  plAtlngr*— The  reader  Is  referred  to  the  Tarlous  books  on 
tUeiropUUing  for  particulars,  as  but  few,  and  those  the  most  used  solutions 
oan  be  referred  to  here. 

Solutions  should  be  adapted  to  the  particular  oblect  to  be  plated,  and 
must  have  little  if  any  action  upon  it.  Cyanide  of  gold  and  silver  act  obemi- 
oally  upon  copper  to  a  slight  extent  and  the  objects  should  be  connected  to 
the  electrical  circuit  before  being  immersed. 

Solutions  are  best  made  ohemioally,  but  oan  be  made  by  passing  a  current 
tlirough  a  plate  of  the  required  metal  into  the  solvent. 

Copper.  —A  good  solution  for  plating  oblects  with  copper  is  made  by 
dissolving  in  a  gaUon  of  water  10  ounces  potassium  cyanide,  6  ounces  copper 
carbonate,  and  2  ounces  potassium  carbonate. 

The  rate  of  deposit  should  be  varied  to  suit  the  nature  and  form  of  the 
surface  of  the  object,  large  smooth  surfaces  taking  the  greatest  rate  of 
deposit.  Electrotype  plates  must  be  worked  at  a  slow  rate,  owing  to  the 
rough  and  irregular  surface. 

Mon^metcUlie  Suir/acee  may  be  plated  by  first  providing  a  conducting  sur- 
face of  the  best  black  lead  or  finely  ground  gas  coke.  Care  is  required  in 
starting  objects  of  this  sort,  to  obtain  an  even  distribution  of  the  metal,  and 
hollow  places  may  be  temporarily  connected  by  the  use  of  fine  copper  wire. 

O^pper  <yn  iiron  or  on  any  metal  that  is  attacked  by  copper  sulphate  is 
eifeoted  by  an  alkaline  solution.  One  which  oan  be  worked  cold  is  made 
up  of  \  ounce  of  copper  sulphate  to  a  pint  of  water.  Dissolve  the  copper 
■luphate  in  a  half  pint  of  water,  add  ammonia  until  all  the  first  formed 
precipitate  re-dissolves,  forming  a  deep  blue  solution,  then  add  cyanide  of 
potassium  until  the  blue  color  disappears.  A  heavy  current  is  required  with 
this  solution,  enough  to  give  off  nts  from  the  surface.  This  solution  will 
deposit  at  a  high  rate  but  ordinarily  leaves  a  rough  and  crystalline  surface, 
and  will  not  do  good  work  on  steel. 

A  cyanide  solution  is  the  most  used,  takes  well  on  steel.or  brass,  as  well  as 
on  iron,  and  permits  of  many  variations. 

For  each  gallon  of  water  use : 

Copper  carbonate 6ocs. 

PotaMium  carbonate 2ois. 

Potassium  cyanide,  chem.  pure lOoss. 

Dissolve  about  nine-tenths  of  the  potassium  cyanide  in  a  portion  of  the 
water  then  add  nearly  all  the  copper  carbonate,  which  has  also  been  dis- 
solved in  a  part  of  the  water:  dissolve  the  carbonate  of  potash  in  water  and 
add  slowly  to  the  above  solution  stirring  slowly  until  thoroughly  mixed. 
Test  the  solution  with  a  small  object,  adding  copper  or  cyanide  until  the 
dei>osit  is  imiform  and  strong.    For  coppering  before  nickel  plating,  the 
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coating  of  copper  must  be  made  thick  enough  to  stand  hard  bulling,  and  for 
this  reason  tne  coppering  solution  must  be  rich  In  cyanide  and  nare  joit 
enough  copper  to  give  a  free  deposit.  Use  electrolytically  deposited  copper 
for  anodes,  as  it  gives  off  copper  more  freely.  Regulate  the  current  for  the 
worlE  in  the  tanlcs,  and  it  should  be  rather  weak  for  working  this  solution. 

Brcus  Solv4ions  of  any  color  may  be  made  br  adding  carTOnate  of  zinc  in 
various  auantlties  to  the  copper  solution.  Tlie  zinc  should  be  dissolTed  in 
water  with  two  parts,  by  weight,  of  potassium  cyanide,  and  the  mlztare 
should  then  be  added  to  the  copper  bath.  A  piece  of  work  in  the  tank  at 
the  time  will  indicate  the  change  in  color  of  the  deposit.  Two  parts  copoer 
to  one  zinc  gives  a  yellow  brass  color.  For  the  color  of  light  bran  ado  a 
little  carbonate  of  ammonia  to  the  brass  solution.  To  darken  the  color 
add  copper  carbonate.  Varying  the  amount  of  current  will  also  change 
the  color,  a  strong  current  depositing  a  greater  amount  of  zinc,  thus  pro- 
ducing a  lighter  color. 

Ililr«r.  — The  standard  solution  for  silver  plating  is  chloride  of  silver 
dissolved  in  potassium  cyanide.  This  solution  consbts  of  3  ounces  silver 
chloride  with  9  to  12  ounces  of  98  per  cent  potassium  cvanide  per  gallon  of 
water.  Bub  the  silver  ohloride  to  a  thin  paste  with  water,  dissolve  • 
ounces  potassium  cyanide  in  a  gallon  of  water  and  add  the  paste,  stiirfiig 
until  dissolved.  Add  more  cyanide  until  the  solution  <rorks  freely.  Tt^ 
bath  should  be  cleaned  by  filtering.  Great  care  should  be  taken  to  keep 
the  proper  proportions  between  current,  silver  and  cyanide.  A  weak  cur- 
rent requires  more  free  cyanide  than  a  strong  one,  and  too  muoh  cyanide 
prevents  the  work  plating  readily,  and  gives  it  a  yellowish  or  brownish 
color,  if  there  is  not  enough  cyanide  in  the  solution  the  reslstanee  to  the 
onrrent  is  increased  and  the  plating  becomes  irregular. 

The  most  suitable  current  for  silver  plating  seems  to  De  about  one  ampere 
for  each  sixty  (60)  inches  of  surface  coated. 

Ciold.  —Cvanide  of  gold  and  potassium  cyanide  make  the  best  solatioa 
for  plating  with  gold.  The  solution  is  prepared  In  the  same  manner  as  the 
silver  solution  Just  described,  using  chloride  of  gold  in  place  of  chloride  of 
sliver.  The  electrical  resistance  of  the  bath  is  controlled  by  the  quantity 
of  cyanide,  the  more  cyanide  the  less  the  resistance,  bnt  an  exeess  oC 
cvanide  produces  a  pale  color.  Hot  baths  for  hot  gilding  require  from  11  to 
90  grains  of  gold  per  quart  of  solution  and  a  considerable  excess  of  cyanide. 
Baths  for  oold  gliding  and  for  plating  should  have  not  less  than  60  grains 
per  quart  and  may  have  as  much  as  320  grains,  this  quantity  being  used  with 
a  dynamo  current  for  quick  dipping. 

ificlcel.— The  solution  now  almost  universally  used  for  nickel  plating 
is  made  up  from  the  double  sulphate  of  nickel  and  ammonia,  with  the 
addition  of  a  little  boracic  acid. 

The  double  salt  is  dissolved  by  boiling,  using  12  to  14  ounces  of  the  salts 
to  a  gallon  of  water;  the  bath  is  then  diluted  with  water  until  a  hydrometer 
shows  a  density  of  6.5<^  to  7^  Banm6. 

Cast  anodes  are  to  be  preferred  as  they  give  up  the  metal  to  the  solatioB 
more  f reelv.  Anodes  should  be  long  enough  to  reach  to  the  bottom  of  the 
work  and  should  have  a  surface  greater  than  that  of  the  objects  being  plated. 

Current  strength  should  be  moderate,  for  If  excessive  the  work  is  apt  to 
be  rough,  soft  or  crystalline.  Voltage  may  vary  from  3J(  to  6  volts  and  the 
most  suitable  current  is  from  .4  to  .8  ampere  per  16  square  inches  surfaeo 
of  the  object.  Zinc  Is  the  only  metal  requiring  more  current  than  this,  and 
takes  about  double  the  amount  named. 

A  nickel  bath  should  be  sllghtlv  acid  In  order  that  the  work  may  have  a 
suitable  color.  An  excess  of  alkali  darkens  the  work,  while  too  much  aeid 
causes  *'  peeling." 

Iron. — A  hard  white  film  of  iron  can  be  deposited  from  the  doable 
ohloride  of  iron  and  ammonia  which  can  be  prepared  by  the  ourrent 
process.  It  is  somewhat  used  for  coating  copper  plates  to  make  thea 
wear  a  long  time,  the  covering  being  renewed  occasionally. 

The  ElectroBtotlre  Jforces  suited  to  the  different  metals  are: 

Copper  In  sulphate Volt,  lJ(-24( 

"  cyanide 4.-6. 

Silver  in         "  1.-8. 

Oold  in  "  .6-3. 

Kickel  in  sulphate S.fr-SyB 
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Tli«  RestotaBce  will  depend  on  the  natnre  of  the  surfaoe.  Work  If 
beet  effected  with  about  equal  surface  of  anode  and  objects,  and  the  coating 
will  be  more  even,  the  greater  the  distance  between  them,  especially  where 
there  are  projecting  points  or  rough  surfaces. 

Cdpptr  ana  silver  should  nerer  show  anv  sign  of  hydrogen  being  giren  off 
at  tne  objects;  gold  may  show  a  few  bubbles  if  deep  color  is  wanted. 
Nickel  is  always  accompanied  with  evolution  of  hydrogen,  but  the  bath 
should  not  be  allowed  to  froth. 

Vhf)  R8it«  of  IBftpostt  is  proportional  to  current,  as  described  under 
the  head  of  '*  Electrolysis,'*  in  tne  proportions  siven  in  the  table  of  electro- 
chemical equivalents  except  in  the  case  of  gold,  the  equivalent  of  which  in 
combination  with  cyanogen  is  196.7,  but  su^ect  to  rooaiflcations  dependent 
upon  the  hydrogen  action  Just  described;  there  is  also  a  partial  solution  of 
the  metal,  so  that  there  is  always  a  deduction  to  be  made  from  the  theoret- 
ical value.    Thus  :  — 

Gold  gives  about  80  to  90  per  cent. 

Nickel  *'     80  to  96 

Silver  **      90  to  96 

Ck>pper  "     98 

An  ampere  of  current  muntained  for  one  hour,  which  serres  as  a  unit  of 
quantity  called  the  "ampere-hour,"  represents 


ti 


i« 


Granune 
Ounce  Troy 


.0376 
.00121 


Grain     .    .    . 
Otmoe  Avoir. 


.58 
.00132 


which  multiplied  by  the  chemical  equivalent  will  furnish  the  weight  of  any 
substance  deposited. 

Vise  Electrolytic  SetlBtBgr  of  Copper; 

The  largest  and  most  important  of  electrochemical  industries  is  copper 
refining,  conducted  at  many  places  in  this  country  and  abroad.  The  pro- 
eess  of  refining  copper  electroljrtioally  consists  in  the  transfer  of  copper 
from  the  anode  to  the  cathode,  by  the  selective  action  of  the  electric  cur- 
rent, and  in  leaving  the  impurities  behind  in  the  anode,  electrolyte  or 
sediment. 

Theoretically  the  mere  transference  of  copper  should  require  no  erpendi- 
tdre  of  energy,  the  energy  needed  to  precipitate  it  from  its  solution  being 
balanced  by  the  energy  set  free  upon  its  change  to  copper  sulphate,  but 
practio^y  «Mne  ic  needed  on  account  of  the  resistance  of  the  electrolyte, 
aiid  differences  in  mechanical  structure  as  well  as  in  chemical  purity  of  lbs 
anode  and  cathode. 

The  material  at  present  subjected  to  profitable  electrolytic  refining  is 
crude  copper  containing  from  96  to  98  per  cent  pure  copper  and  varying 
amounts  of  other  elements  according  to  tne  character  of  the  ore  and  method 
of  dry  refining  adc^ted.  The  tompositicni  of  the  crude  material  varies 
greatly.  typicrJ  samples  being  given  m  the  following  table: 


No.  I. 
Percent. 

No.  II. 
Percent. 

No.  III.* 
Per  Cent. 

Copper  .... 
Araenio  .... 
Antimony  .    .    . 

Lead 

Tin     ..... 

96.35 
0.08 
0.10 
1.19 
0.22 
0.05 
0.61 

97.19 
2.68 
0.01 

98.60 
0.80 
0.10 
0.10 

Bitanuth    .    .    . 

lion 

Nickel    .... 

0.08 
0.02 
0.02 

0.05 
0.10 
0.10 

Sulphur     .    .    . 
Silver     .... 

0.69 

0.10 
0.05 

Oxygen  and  loss 

0.71 

100.00 

100.00 

100.00 

•CI 

dUUr. 

ELECTBOCBBltlSTBT. 


jds  malerial  ia 

teat  loos,  two  (eat  widi 

pounds.     Tb< 


moldi  iatfl  uoda  pbto*,  about  thm 
leh  thick,  wcivhing  aiiprciximatily  250 
elsetrolyUcBlIy  raSnM  copper  prseo- 

u  the  uiaclea  but  mJt " "^-■'■ 

„ ^  _,  _. in  whioh  the  pUlea  «e 

•olution  of  12  to  20  per  cent  copper  lulphate,  and  4  to  10  per 
»cid.  the  Latter  beiof  added  to  dnrcava  the  rcei«tnnce  of  tlie  i 
reriituioe  it  further  reduced  bjr  Iceepins  the  electrolyte  v 

""  "   "  of  wood,   unuUy  lined  with  iheet 

lacea  of  the  P|at«, 


aulphink 


-sntauiiog   tAOkfl  ar 

canfully  coated  with  a  pit 

dirtanoe  of  about  ooe  inch  i»ibi.b  ikittdcu  ■ 

In  some  oaaea  the  platee  are  arrBocEd  in , 

or  multiple,  u  illuetnted.     The  foimcr  hai  the  sdrastace  of  ... 
eleetiical  conuectkmi  (o  be  made  at  the  fint  and  last  platen  cnlr,  wl 


the  panllel  ayiton  require*  a  oomieolioD  at  every  Jilate;  but  in  the  lerlfn 
■yitem  the  leakaia  of  ounect  due  to  the  •bort'OitoulaUas  action  of  the 
■edimeat  aikd  ridea  of  the  tank  ia  from  10  to  20  per  oeot,  lo  that  the 
panJW  ia  more  generally  used. 

The  eooneetioas  betwaea  the  vanoug  plat«  and  the  omndt  in  the  panDd 

■yatenu  are  made   by  copper  rod*,  which  ate  tun  at  two  different  lereb 

alone  the  edcea  of  the  tanlia,  one  bar  tor  anodo  and  one  for  cathode*.     Ia 

'   aomalnitaiiea  theaeiodaareaf  theinvorted  Vahape.n  that  tluedsswll 
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out  thnragh  any  oomHooD  that  ma>  happen  to  fort^  at  the  polnta  of  e^ 
bict.  The  drop  in  preasure  at  theae  points  u  not  more  than  .01  voh.  Tb* 
vati  are  amnged  ao  that  «ah  ii  Beocaaible  fnm  all  ride*,  and  the  omla- 
tion  of  the  electrolyte  is  poenble.     Thu  orculalion  may  be  obtained  itf 

blowing  a  stream  M    air  through  the  electrotyte,  but  i '— '-  ■— 

.w^-^^^^  >h.  -^tt  in  1^^  andoor •'—  •■■ —  '--  -*- 


_  n  liy  iripe*  *d  that  the  eto- 
HiN^Ki  may  paaa  from  the  top  of  one  vat  to  the  bottom  tf  the  oext,  ■• 
■hown  in  Figa.  3  and  4.  Thigmaintaini  a  uniform  dcnalbr  of  the  deetiotyu 
which  ia  nee  weary  for  the  ptoper  fonnatioi]  of  the  dcinalt. 

The  electrical  pnaeure  required  is  from  .2  to  .4  vaK  pw  tank,  with  a 
current  density  ol  10  to  1 S  amperae  per  equal*  foot  of  cathode  plate  aor- 
face.  The  queetiou  of  current  density  is  very  important,  bocune  i^ica 
thifi  depends  the  rapidity  and  quality  of  the  depoeat-  The  rate  ot  dcpoiit, 
however,  ia  limited  and  varies  with  diSereot  grades  <rf  the  otude  inettL 
depending  upon  the  impuritiea  preaent.     For  Bramplo,  aatiiiiany.  V'— "^ 


^ 
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and  araouo  if  prcMut  would  prevent  the  use  of  a  current  denrity  of  mors 
than  10  amperes  per  square  foot,  as  they  would  be  carried  over  and  deppe- 
ited.  especially  if  present  in  a  soluble  form.  The  maximum  current  density 
employed  in  ordinary  copper  refinerieo  is  as  above  stated,  10  to  15  amperes 
per  square  foot.  If  the  current  density  is  too  great  the  following  difSculties 
will  occur: 

a.  Liberation  of  hydrogen  at  the  cathode,  and  thus  a  resultant  waste  of 
energy. 

b.  Poor  character  of  deposit. 

If  the  current  density  is  too  low,  the  copper  is  in  the  tanks  too  long, 
and  this  results  in  excessive  interest  charges. 

The  individur&l  vats  are  connected  in  series  with  each  other,  so  that  the 
total  voltage  requiied  may  be  ^>pcoximately  equal  to  that  of  the  gener- 


Fio.  3.    Groulating  System. 

ator.  aUowing  the  usual  drop  of  about  10  per  cent.  Standard  generators 
are  b^t  to  ^ve  125  volts  so  that  a  working  pressure  of  about  110  volts  is 
obtained,  which  Is  a  standard  value  Tor  lighting  and  other  purposes. 

In  practice  from  400  to  450  ampere-hours  are  required  per  pound  of 
OQHMr  dqxMitod,  the  theoretical  amount  according  to  Faraday's  law  being 
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Fio.  4.    General  Arrangement  of  Plant. 

only  386.2  ampere-hours.  The  loss  varies  from  4  to  20  per  cent,  according 
to  the  system  employed. 

Anode  lasparlttea  and  tlieir  Bffect  «pon  tlie  Electrolyte.  — 

The  electrolyte  when  first  added  consists  of  12  to  20  per  cent  copper  sulphate 
and  4  to  10  per  cent  sulphuric  acid.  The  impurities  likelv  to  exist  m  the 
crude  metal  anodes  have  been  given  in  the  sample  analvses  preceding, 
and  the  following  reactions  generally  occur  in  an  acidulated  solution: 

1.  Silver  and  gold  remain  undissolved  in  the  anode  or  fall  to  the  bottom 
of  the  vat. 

2.  Lead  is  converted  to  lead  sulphate  and  precipitates. 

3.  Antimony,  bismuth  and  tin  are  partly  dissolved  as  sulphates,  or 
form  tmstable  sulphates  which  precipitate  as  basic  sulphates  or  oxides; 
they  partly  also  remain  in  the  anode  sludge. 

4.  Arsenic,  nickel,  cobalt  and  iron  dissolve,  but  are  not  under  ordinary 
conditions  redepoeited,  hence  they  merely  contaminate  the  electroljrte. 
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6.  Alkaline  earth  metals  exc^t  barium  and  calcium  disBoIre  readily, 
the  latter  precipitating  as  sulphates. 

In  addition  to  contaminatins  the  electrolyte  and  thus  interfering  with 
the  purity  of  the  deposit  the  presence  of  these  impurities,  except  gold, 
Blver  and  lead,  is  objectionable,  due  to  the  fact  that  the  anode  is  ooosumea 
unevenly.  The  more  electropositive  metals  such  as  tin,  sine,  etc..  beinc 
more  rapidly  attacked,  the  anode  suriace  does  not  remain  amootn,  and 
frequently  pieces  break  o£F  and  fall  to  the  bottom  of  the  tank.  Arsenic,  if 
present,  often  forms  arsenates  on  the  anodes,  which  results  in  a  nonnxm- 
ductins  film,  decreasing  the  current  and  thus  the  output. 

Klffect  of  the  KlectrolTte  lMii»aritl«ii  ou  the  Deposit.  —  The 
electroljrte  does  not  accumulate  all  the  impurities  of  the  anode  oecauae  many 
of  them  never  i^  into  solution  but  simply  fall  to  the  bottom  of  the  vat  as 
mud.  In  addition  to  the  proper  constituents  of  the  electrolyte  there  may 
be  present  in  the  dissolved  state  the  sulphates  of  iron,  line,  cadmium,  alu- 
minum, sodium,  etc.,  besides  basic  sulplmtes  of  arsenic,  bismuth  and  anti- 
mony. The  largest  part  of  the  impurities  present  consists  of  iron,  but  the 
most  objectionable  are  compounds  of  arsenic  and  antimony,  as  these  yidd 
their  metals  at  the  cathode,  with  serious  results,  since  as  little  aa  .01  per 
cent  of  either  will  reduce  the  electrical  conductivity  of  c<q;>per  from  4  to  5 
per  cent. 

Cuprous  oxide  and  copper  sulphide  remain  partly  in  the  sludge  and 
partly  dissolve  according  to  the  acidity  of  the  electrolyte.  Their  only  evil 
effect  is  to  neutralize  some  of  the  free  sulphuric  acid. 

The  composition  of  the  anode  sludge  (residue)  will  evidently  vary  ac- 
cording to  the  composition  of  the  anode  employed,  and  in  practice  various 
amounts  of  gold,  silver  and  lead  are  obtamed  therefrom  by  subsequant 
treatment. 

The  cost  of  refining  copper  by  the  electrolytic  method  is  from  i  to  } 
cent  per  pound.  The  following  products  of  refining  are  marketed:  com- 
mercial cathodes,  which  are  sometimes  shipped  to  oonsumen  but  more 
frequently  cast  into  wire  bars,  ingots,  cakes  or  slabs  of  standard  dimenskms 
ana  weight. .  They  usually  assay  from  99.86  to  99.94  per  cent  of  pure  cop- 
per, a  sample  analysLs  being  as  follows: 

PKH  CS3«T. 

Copper* 99.938 

Antimony .002 

Iron 004 

Oxygen  and  loss .056 

100.00 

The  yield  in  commercial  cathodes  is  from  97  to  99  per  cent  of  the  anodes 
treated,  excluding  the  anode  scrap  which  varies  from  7  to  15  per  oeut  of 
the  original  anode  in  parallel  operated  plants;  but  this  scrap  is  not  a  loss, 
as  it  is  collected  and  recast  into  anode  plates.  Besides  electrolytic  copper, 
most  plants  recover  gold,  silver  and  nickel  from  the  slime  as  previously 
stated. 

The  electrolytic  copper  refineries  in  the  world  are  now  producing  copper 
at  the  rate  of  322,295  tons  annually,  valued  at  S96 .688.500  with  ooppcr 
selling  at  $300  per  ton.  In  addition  the  by-product  in  reoovtfed  gold  wad 
silver  is  valued  at  S20,000,000  per  annum.  There  are  now  in  active  opersr 
tion  33  electrolytic  copper  refineries,  with  a  total  genwator  capacitv  of 
20,000  kilowatts;  10  of  these  are  located  in  the  United  States,  and  supply 
about  86  per  cent  of  the  world's  output;  6  plants  are  in  England  and  Wales 
producing  about  9  per  cent,  while  the  remaining  plants  are  on  the  conti- 
nent of  Europe. 

Silver  is  refined  from  copper  bullion  by  taking  anodes  of  the  bulfion  i 
inch  thick  and  14  inches  square,  and  cathodes  of  sheet  silver  slightly  oiled. 
The  electrolyte  consists  of  water  with  1  per  cent  of  nitric  add.  Wben  the 
current  is  started  the  copper  and  silver  form  nitrates  of  copper  and  silver 
and  free  nitric  acid  from  which  the  silver  is  deposited,  leaving  the  eopper 
in  solution.  Trays  are  placed  under  the  cathode  for  catching  the  deposited 
silver,  and  if  there  is  any  copper  deposited  owing  to  the  solutioa  — "  '~ 

*This  sample    was    obtained   by   refining   the  crude  ooiH>er  gi 
•olumn  III  of  the  preceding  table  of  crude  copper  anodes. 
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ing  too  little  silver  or  a  auperabundanoe  of  copper,  the  copper  falls  into  the 
trava  and  is  rediaaolved. 

In  the  Moebius  pixxsess  the  dc»ottt  ia  continually  removed  from  the 
cathode  by  means  of  a  mechanical  arrangement  of  brashes,  and  falls  into 
the  trasrs  above  mentioned. 

AlamtBaai.  —  Practically  the  output  of  this  metal  for  the  entire  world 
is  now  produced  eleotrolytically.  The  only  process  used  on  a  laige  scale 
is  that  invented  independently  in  1886  by  Mr.  Charles  M.  Hall  in  the 
United  States,  and  by  jpaul  L.  V.  H^roult  in  France.  This  process  consists 
in  electrolysins  alununa  dissolved  in  a  fused  bath  of  cryoUte.  The  alumina 
is  obtained  from  the  mineral  bauxite  which  occurs  abundantly  in  Georgia. 
Alabama  and  other  regions.  The  natural  material,  being  a  hydrated 
alumina  containing  silica,  iron  oxide  and  titanic  oxide  in  the  following 
pnq;>ortions: 

AlsO,       .56 

FcmOs      .03 

SiOa        .12 

TiO         .03 

HaO        .26 

must  be  treated  In  order  to  drive  o£F  the  water  and  eliminate  the  impurities. 
This  may  be  accomplished  by  a  chemical  process,  but  it  is  effected  more 
simply  by  heating  the  material  mixed  with  a  little  carbon  as  a  reducing 
agent  in  an  eleetnc  furnace.  The  impurities  are  thus  reduced  and  oolleot 
as  a  metallic  regulus  in  the  bottom  or  the  mass.  This  leaves  the  alumina 
nearl3r  pure  and  it  may  be  tapped  off  while  fused  or  easily  separat4Ml  by 
brealang  it  up  after  cooling.  In  practice  it  requires  two  pounds  of  alumina 
for  each  pound  of  aluminum  produced.  The  flux  or  bath  in  which  the 
alumina  is  dissolved  consists  of  cryolite,  a  natural  double  fluoride  of  alu- 
minum and  sodiiun  (Al3Fe.6NaF)  found  in  Greenland.  This  is  melted  in 
a  lar^e  carbon-lined,  rectangular,  sheet-iron  tank,  which  constitutes  the 
negative  electrode,  a  group  of  40  carbon  cylinders,  each  3  inches  diameter 
and  18  inches  long,  which  are  suspended  in  the  tank,  forming  the  ^omtive 
electrode.  A  direct  current  of  about  65  horse-power  at  5  to  6  volts  is  used. 
Only  a  portion  of  this  voltage  is  required  to  decompose  the  alumina,  the 
balance,  amounting  to  about  two  or  three  volts,  represents  the  heat  pro- 
duced which  keeps  the  bath  at  the  proper  temperature  and  fluidity  neces- 
sary for  electroljrsis  —  850  to  900^  C.  The  passage  of  the  current  causes 
the  aluminum  to  dososit  on  the  bottom  of  the  tank  as  a  fused  metal,  being 
drawn  off  periodically.  The  oxygen  set  free  combines  with  the  carbon  of 
the  positive  electrodes  and  passes  off  as  carbonic  oxide.  The  reaction  is 
AlsQi  +  3C  —  2A1  +  SCO.  About  one  pound  of  carbon  is  consumed  for 
one  xwund  of  aluminum  produced.  When  the  alumina  becomes  exhausted 
from  the  Iwth,  the  voltage  rises  and  lights  a  lamp  shimted  across  the 
electrodes,  thus  giving  notice  that  more  material  is  needed.  E^tch  elec- 
trical horse-power  produces  about  one  pound  of  aluminum  per  day  of  24 
hours.  According  to  Faraday's  law  the  weight  of  aluminum  deposited  by 
1 ,000  amperes  is  .743  pound  per  hour.  The  actual  yield  of  metal  by  the 
Hall  process  is  about  85  per  cent  of  this  theoretical  amount. 

The  aluminum  obtained  averages  0.1  per  cent  iron,  0.3  per  cent  nlicon, 
with  traces  of  copper,  titanium  and  carbon,  but  is  guaranteed  over  99  per 
oentpure. 

The  metal  whea  drawn  from  the  tanks  is  cast  into  rough  ingots  which 
are  afterwards  remelted  and  converted  into  commereial  shapes  such  as 
sheets,  rods,  wires,  etc. 

piioiiijcmoif  OF  cAiTsnc  soi»a. 

CausUo  soda  or  sodium  hydrate  (NaOH)  is  used  in  the  manufaeture  of 
hard  soaps,  in  the  rendering  of  wood  pulp  for  paper  manufacture^  in  the 
purification  of  petroleum  and  petroleum  residues,  and  also  for  the  produc- 
tion of  metallic  sodium. 

Many  attempts,  extending  over  nearly  a  century,  have  been  made  to 
manufacture  caustic  soda  (NaOH)  and  chlorine  (Cla)  from  ordinary  salt 
(NaCl).  by  means  of  electrolytic  action.    The  fundamental  reaetion: 

2NaCl  +  2HaO  +  Elect. «-  2NaOH  +H3  -f-  GU 
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_. jiide.  when  «leotrolyi»d  lo  th»  pramec 

wftlar  will  form  CHuMio  aoda,  but  •eeondary  naotioiu  take  pUoe  mtd  tlw 
...■.  !.  _  „= _i  __i.   1_  mjj  hypochbrile  ol  sodK.     Tha  difi- 


ia  i-MidJIy  obtained  experimenUlly.  but  la  diffioull 

■ml  buu.     Bait,  or  ■odium  oUoH^-  -"-—  ■•-■ 

Wr  will  form  CHuMic  aoda,  but  ■ 

puLty  uD  ba  avoided  by  anantiDg  the  eauatis  aoida  nlution  that  ia 
by  a  poreui  dbphium.  or  by  diaKia^  it  off  aa  iood  u  [ormed ;  and 
oaaee  the  metallio  ■odium  ia  abaorbed  in  meroury  or  moltm  lead- 

Tba  foUowiog  ooodltiana  have  baea  found  nsooaKn'  tor  the  lucofaa   a 

1.  Com  of  power  must  b«  very  low  —  not  in  eioeai  ol  tSO  per  bona- 
povCTHT  aonum  (24  hoiua  per  day}. 

2.  The  prooeas  m 

4.  Tba  pcoducu 
Teiael  or  alsctmtyte  aa  the  probtaaprDei ,. 

5.  Tba  roaiDtenanee  coatamuM  beamall. 
a,   Tba  plant  miut  opeiBt«  on  a  laise  soala. 

It  ia  only  laMy  that  a  (ew  proeaaaea  have  been  somraeraally  anoBFaafnl 
Hie  two  moat  prominoit  ayitama  tor  the  daatrolytic  produatlon  of  imnHie 
aoda  and  ehkniue  ftom  o ""    -~  ■"--  " —  I'-i 


other  at  hit(h  lemperatuna  I^SO*  C). 

The  Cutner  prooeaa  anployed  In  thia  ai 
toliowa:    The  alectrolytio  tank  eooriata  of  u 


Two  ^te  partition*  raaobinc  witlun  ^  inob  of  the  bottom  (u 
are  croovce)  divide  tba  call  into  three  eompartmaata,  aaoh  lb  mco^  or 
4  feet,  aealed  Itmn  eaeb  other  by  a  layer  of  merenry  eovaintt  the  bottoB 
or  the  tank  lo  a  conaiderabia  depth.  The  two  cod  oompBttmeDta  thmoch 
which  the  brine  i*  paiaed  aie  provided  witb  oatbon  anodaa,  ahaped  lika  ■ 
rail  aection,  the  broader  flange  bdng  plased  about  a  half  inch  abore  Iha 
mercury.  Theae  eompartment*  an  provided  with  tl^t  ooven  and  o- 
hsuit  pipea  of  rubber  and  lead  to  convey  the  ohlorine  away.  The  aeairal 
oompanment  baa  an  Iron  cathode  corapoaed  of  twenty  upii^t  atHpa  and 
ia  auppliad  with  pure  water,  whiob  la  drawn  off  wboiavar  ite  apccihe  travity 
increa»a  lo  1.27.  due  to  the  preaeDee  <rf  the  maufactuied  eauatte.  whift 
the  liberated  hydrogen  ia  led  from  thia  chamber  by  meaoa  of  pipa  and 
used  aa  a  fuel  for  the  coooentiation  of  tbe  oaualiD.     The  tank  ia  nvoud  at 


a  knife-blade  and  rents  at  the  other  m  an  aoetDtiic. 


^         uid  lowen  that  end  of  tbe  tiuik 
^  cauaea  a  aimuUticBi  of  the  mermii 


aimuUticBi  of  the  mercury  betweai  the  outer  and  middle  oompaiV 
Tbe   current   enter*   the   outer  cbambera.   ^fita   up  the  eodinm 


latter  ia  liberated  at  the  carbon  anodea  and  paaaea  throush  the  eihaiM 
inpe  to  the  abaotptku  ohambers.  wbve  It  oomUoea  with  alaeked  fiata  ti 
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form  bleaching,  powder  (CtXJi^Q^CtJCH^).  The  aodimn  oombines  with  the 
mercury,  formine  an  emalgam  oontaining  about  2  per  cent  of  sodium, 
whirh  by  the  tiltins  of  the  tank  paaaee  to  the  central  chamber,  where  it 
■erves  as  the  anode,  and  combines  with  the  water  to  form  causUo  soda 
(NaOH)  and  hydrogen  (H),  the  latter  appealing  at  the  iron  cathode. 

Each  of  these  tan](s  uses  630  amperes  at  4.3  volts;  10  per  cent  of  this 
current  is  shunted  around  the  inner  cell,  because  otherwise  the  amaUmm 
would  fail  to  deliver  enouKh  sodium,  and  the  mercury  would  oxidise,  thus 
producing  mercury  salts  and  contaminating  the  caustic.  The  theoretical 
voltage  required  is  but  2.3,  the  remainder  being  utilised  in  overcoming 
the  oomic  resistance  of  the  electrolyte  and  in  keeping  it  warm,  the  limit  of 
temperature  being  40°  C,  as  above  this  point  chlorate  is  formed.  The 
output  of  this  process  per  horse-power  per  day  is  12  pounds  of  caustic  and 
80  pounds  of  bleaclung  powder  lor  each  cell.  The  product  contains  from 
97  to  99  per  cent  caustic,  i  per  cent  sodium  carbonate,  .3  to  .8  per  cent  of 
sodium  chloride  and  traces  of  sodium  sulphate  and  silicate. 

The  Acker  process,  formerly  used  at  Niagara,  for  obtaining  caustic  soda  and 
chlorine  from  salt  is  mmilar  to  the  Castner-KeUner  process  just  described,  but 
differs  in  that  it  onploys  molten  lead  in  place  of  mercury  aa  a  seal,  fused  salt 
instead  of  brine  aa  the  electrolyte  and  opertLtee  at  a  temperature  of  850°  C. 
which  is  required  to  maintain  the  fused  condition  of  the  electrolyte.  The 
oontaining  vessel  is  a  cast-iron  tank  five  feet  long,  two  feet  wide  and  one 
foot  deep,  the  sides  above  the  molten  lead  being  covered  with  magnesia  so 
that  the  current  must  pass  from  the  carbon  anodes  to  the  lead  which  acts 
as  the  cathode,  the  lower  faces  of  the  anode  blocks  b^ng  three-fourths 
inch  above  Uie  lead.  At  one  end  of  the  tank  is  a  small  compartment 
separated  from  the  remainder  of  the  vessel  by  a  oartition  dipping  into  the 
lead  to  such  a  depth  that  nothing  but  this  nised  lead  can  pass  from  one 
compartment  to  the  other.  The  chambers  are  loosely  closed  by  fire-clay 
slabs  and  the  e8Ci4>ing  chlorine  drawn  away  through  side  flues  by  powerful 
exhausts.  In  the  snudler  compartment  the  lead  is  subjected  to  a  stream 
of  steam,  which,  acting  upon  the  lead  sodium  alloy,  forms  ocustic  soda  and 
liberates  hydrogen.  The  steam  jet  is  introduced  below  the  surface,  but 
points  vertically  upwards,  and  the  resulting  9>rav  strikes  a  curved  hood 
which  deflects  it  into  a  third  chamber  in  which  the  lead  and  caustic  se|>arate, 
the  latter  flowing  out  of  the  furnace  over  a  cast-iron  hp.  the  lead  sinking 
and  p<"«""g  back  to  the  main  chamber,  while  the  evolved  hydrogen  is  con- 
ducted away.  The  fused  caustic  is  collected  in  an  iron  pan  where  it  solidifies 
and  is  removed  every  hour.  The  output  is  25  pounds  of  solid  caustic  per 
hour.  This  process  avoids  the  evi4K>ration  of  the  water  required  in  the 
Castner-Kellner  process,  but  higher  maintenance  costs  offset  this  advan- 
tage. The  current  employed  per  vessel  in  the  Acker  im>cess  is  2100  am- 
peres at  from  6  to  7  volts,  of  which  energy  54  per  cent  is  used  in  chemical 
action  and  the  remainder  in  maintAJning  the  temperature. 

The  same  metiiods  that  have  been  commercially  successful  for  the  pro- 
duction of  caustic  soda  and  chlorine  from  salt  are  used  to  produce  caustic 
potash  and  chlorine.  Caustic  potash  is  of  value  for  the  manufacture  of 
soft  BOBtte,  the  pr^Mtration  of  oxalic  acid  from  sawdust,  and  for  the  ex- 
traction of  metallic  potassium.  The  raw  material,  potassium  chloride  (KCl), 
lis  more  expensive  than  sodium  chloride,  costing  approximately  four  times 
as  much,*  so  it  is  an  advantage  to  employ  the  electrochemical  process 
which  is  more  economical  in  raw  material  than  an  ordinary  chemical  method 
would  be. 

Pi^dactlou  of  ntetelltc  SodlWH.  —  This  metal  was  formerly  ob- 
tained by  the  reduction  of  its  carbonate  or  hydrate  mixed  with  carbon,  but  at 
the  present  time  all  the  metallic  sodium  employed  in  commerce  is  obtained  by 
means  of  the  Castner  electrolytic  process.  The  raw  material  is  soHd  caustic 
which  fuses  readily  at  a  low  red  heat  and  is  obtained  by  the  Castner 
caustic  process  already  described.  A  diagrammatic  view  of  the  apparatus 
is  shown  in  Fi^.  6.  The  containing  vessel  is  of  steel,  the  electrodes  are 
usually  of  cast  iron,  llie  electrical  pressure  employed  is  about  4.4  volts 
direct  current,  the  action  being  as  follows:  The  vessel  is  placed  in  an  ordi- 
nary furnace  flue,  in  which  the  gases  are  at  a  temperature  high  enough  to 
n>ft^"<^«n  the  caustic  soda  in  a  fused  state.     The  current  enters  at  the  posi- 


*  NaCl  costs  $9.00  per  ton;  KCl  costs  $37.05  per  too. 
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tive  electrode,  which  is  a  hollow  cylinder  provided  with  vertical  sBti.  wo  M 
to  allow  free  circulation  of  the  electrolyte.  The  negative  electrode  is  pfauMd 
at  the  bottom  of  the  vessel,  and  terminates  in  the  space  in  the  center  of 
the  anode.  A  cylinder  of  iron  wire  gauze  is  placed  between  the  electrodes, 
its  function  being  to  prevent  the  separated  sodium  from  spreadiog  over 
the  «itire  surface  and  coming  in  contact  with  the  oxygen  liberated  at  the 
anode.  The  extreme  fluidity  of  the  fused  caustic,  however,  allows  it  to 
pass  readily  through  the  gause  evenings,  while  the  greater  surface  teosioa 
of  the  liberated  sodium  will  not  allow  it  to  pass  through  the  same.  Tbs 
metallic  sodium  in  its  fused  state  has  a  lower  specific  gravity  than  the 
fused  caustic,  hence  it  remains  at  the  surface,  and  is  bailed  out  from  time 
to  time.  The  liberation  of  hsrdrogen  at  the  cathode  serves  to  protect  the 
metal  from  the  possible  action  of  the  oxygen. 

JPotiMelvBi  Clilomt«  is  produced  m  considerable  quantities  both  here 
aad  abroad.    The  Gibbs  process  used  at  Niagara  Falls  consists  in  tlM    ' 


Fig.  6.    Oastner  Metallic  Sodium  Electrolytic  Cell. 

trolysis  of  potasrium  chloride  solutions,  using  a  copper  or  iron  fiathw^f 
and  a  platinum  anode.  The  ceUs  are  composed  of  a  wooden  frame.  A, 
covered  with  some  metal,  B,  such  as  lead,  not  attacked  by  the  eleetralyte. 
The  latest  form  of  cathode  consists  of  a  grid  of  vertical  copper  wires,  C, 
kept  m  pNQisition,  by  crossbars.  D,  of  some  insulating  material,  as  shown  in 
Fig.  6.  The  grid  is  placed  in  a  vertical  porition  against  one  side  of  ths 
oeU  frame,  ana  k^t  in  place  by  the  anode  of  the  adjoining  cell,  fram  which 
it  is  insulated  by  the  strips.  F,  and  bars.  D. 

The  opposite  side  of  tne  cell  from  that  occupied  by  the  cathode  is  par- 
tiallv  closed  by  the  anode  (see  dotted  lines  of  Fig.  7).  This  oonaiats  of  a 
thick  lead  plate,  L,  covered  with  platinum  foil  on  the  outer  aide.  B  (Fig.  SU 
This  anode  ii  held  in  pomtion  by  the  cathode  and  framework  of  the  follow- 
ing cell.  G  is  a  pipe,  reaching  to  the  bottom  of  Uie  cell,  by  which  the  po- 
tassium chloride  is  continuouslv  supplied,  and  H  is  the  overflow  pipe  to 
oonv^  the  mixed  solution  of  the  chloride  and  chk>rate,  as  well  as  the  fib- 
erated  hydrogen  gas  away  from  the  celL    S,  S,  S,  8  t9  1i«s  projecting 
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from  tka  {nunnrork.  by  msuiB  of  which  aay  Dumbsr  o(  c«lli  am  b»  bdud 
(iwetber  to  form  n  HriM  of  ctiit.     Fig.  ^  ebom  ■  ■roup  of  thres  oall*,  the 
havy  plaUs  (X  uid  Y)  bems  ushI  la  ckwe  tho  std>  of  (he  woodtn  tnnu- 
'  '  form  &  fully  cloBsd  Beiies  of  cella  with  the  only  opeulnsi  At  the 

'   '        *"     ourrent  eooaeeuoos  an  mide  ■( 
worldna  the  all  !■  oasdnuaiuly 

J „.^  ,., . 1  aolutioo  of  potMrium  ohioride. 

the  rmte  of  mipply  bang  to  rfeuleted  (u  to  maJDlain  the  tcnpeivture  of  the 
cell  U  50°  C.  ana  Iha  amounl  of  chlonta  in  the  dinhuced  aolutiaa  (UahUy 
under  3  per  — ^" 
-    letht] 


J  (m  +)  uid  <n — ).      1 
~ "''   '>f  the  supply  pipefl 


Fio.T.    OfbbeOiD. 


Fia.8.    OfbbiCeU. 


le  orerflow  ulutioa  il  low,  thiu  iw- 
.,  end  Flp.  9  if  &  npreeaDtatioa  of  ux 
I  form  of  ■ppsniiu.     5  b  the  (upply 


bBBf  not  mon  thna  one-oghth  bieh  wide.  The  hot  thet  the  eathode  ii 
a  gnd  Bllowa  the  electrolyte  to  dIccuIkIh  uound  it.  mnd  all  the  solutkra  tbua 
lieMnn  upwudi  and  out  of  the  cells  •<  " 

The  perrantas*  of  chlorate  in   1 
fricenttran  (•  neoentry  to  recover  i 

electrolytio  ohiorate  plant  uain*  th „ 

tank.  V   the  eleelndytin  oell.  It  tha  refrifenton.  ■ . , ,  .^ 

tnesov  of  which  the  exhiuvted  electrolyte  is  returocti  to  the  aupply  tank. 
while  the  chlorate  precipitacea  out  aa  eryiUlK  The  rauon  for  uuns  tha 
icfriceratoc  ia  that  m  aDluUona  coDtaininc  only  3  per  ecnt  of  chlorate,  the 
latter  wilt  not  oryitalUie  out  upon  natural  cooHnc.  aa  It  would  if  pwaant 

<ihi»in  nuick  rtntvrrv  u  nihn-miu  ihn  nnnmqe  of  the  hyibocen  will  oauae 
'  -'e  MMvaniwi.    The 


-t  the  chloride  into  chlorate 

BKCl  +  6H,0  +  Elect.-  9HOH  +  3H^  +  3^ 

SEOH  +  3t^  +  3Ch  -  2KCIO,  -»■  4Ka  +  si^ 

ud  the  remaiodir  produoea  the  heat  that 


which  ii 
•bout  ■■ 

which,  allowing  ft 


the  electrolyte  at  S0°  C. 
wmmjuiM  uw  piu^fn  nButiuu.  1  uv  cuiTaDt  deoiity  ia  high. 
iperea  per  aquare  foot  of  anode  surface.  At  Niagara  the 
<a  fifty  such  eella.  connected  up  into  tira  seta  oTM  oella 

J , _,  .^..^  j^  j^  mippKcd  at  176  Toltfc 

mU  oootaota.  givea  tlia  proper 


t  of  lO.OC 


1244 


BLECTROCHEMI8TKY. 


EltcirclvHe  ehgmical  effeeU  such  as  bleaching  have  been  produced  throudi 
the  aotion  of  chlorine  or  other  matter  set  free  by  an  electric  current.  It 
U  poanble  in  this  way  to  cause  substances  to  act  while  in  the  nascent  state 
and  therefore  more  powerful.  Didnfecting  and  deodorising  of  sewage  has 
also  been  aooomplished  in  a  similar  manner,  as  in  the  Woolf  process  by 


Fio.  9.    Arrangement  of  Gibbs  Prooess. 
the  electrolyris  of  a  salt  solution  mixed*  with  the  sewage.     The 

of  the  current  liberates  (Clg)  chlorine  and  sodium  hypochlorite  (NaClO). 
which  act  upon  the  refuse  matter. 

Electrolytte  ehemical  analyna  is  a  special  subject,  the  discussion  of  whidi 
18  usually  confined  to  books  and  journals  relating  particularly  to  chemical 
analysis;  it  ii  not  ordinarily  considered  in  connection  with  the  general 
subject  of  electrochemistry. 


2. 
3. 

4. 
5. 


Kl«otrotli«rBS»l  Clieailatiy  includes  those  methods  in  which  an  < 
trie  current  raises  the  temperature  of  materials,  usually  to  a  h&rh  degree, 
in  order  to  produce  fusion,  chemical  action  or  other  effects.  Dince  eleo- 
trqlysis  is  not  desired  an  alternating  current  is  generally  employed. 

The  effect  on  the  materials  and  the  amount  of  product  obtained  is  more 
or  less  proportional  to  the  heat  energy  developed  in  the  furnace.  While 
the  heat  necessary  to  |>roduce  a  certam  change  in  a  given  amount  of  m»> 
terial  is  perfectly  definite,  the  heat  lost  by  radiation,  conduction,  ete.,  is 
vuiable,  so  that  the  efficiency  must  always  be  less  than  100  i>er  cent. 

The  proportion  existing  between  the  heat  energy  employed  in  an  elaetxie 
furnace  to  produce  a  desired  physical  or  chemiod  change  and  the  total 
heat  supplied  is  twined  the  efficiency  of  the  fmnaoe. 

The  degree  of  efficiency  attainable  depends  upcm  many  faotora: 

1.  The  siae  of  the  fumaoe. 

Necessary  temperature  for  the  desired  reactacm. 
Protection  from  radiation. 
Arrangonent  of  terminals. 

Method  of  recharging.  oontinuouB  operation  being  most  eeonomiea] 
as  the  heat  of  the  furnace  walls  is  retaineoL 

6.  Method  of  removing  the  charge,  it  being  undesirable  to  destroy  a 
furnace  to  get  at  the  charge. 

The  most  important  of  all  these  oonmderations  is  undoubtedly  the  sise 
of  the  furnace,  since  the  radiating  surface  of  a  small  capacity  is  reiattvdy 
greater  than  that  of  a  large  furnace.  Consider  two  cubical  furnaces:  one 
of  1000  imits'  volume,  the  other  of  one  unit's  volume,  the  radiating  surfaces 
would  be  600  square  units  for  the  former,  and  6  for  the  latter;  henoe  the 
radiating  surface  for  the  smaller  would  be  ten  times  larger  per  unit  ca- 
pacity and  the  losses  would  be  in  the  same  ratio. 

Electric  furnaces  are  divided  into  three  genonal  classes  as  follows: 

"The  materia]  may  be  heated  by  pafflring  current 

directly  through  it. 
The  matenal  may  be  heated  by  the  heat  gen- 
^         erated  in  a  conducting  core. 
[The  material  may  be  acted  upon  by  heat  radiated 
-<  from  an  electric  arc. 

i^The  material  may  be  fed  through  an  are  stream. 
(  Where  the  charge  is  conductive  and  is  heated  by 
(         currents  induced  in  it. 


o.  Resistance  Types.  - 


6.  Arc  Types . 

c   Induction  Type. 
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TlutpluiiuziHna  ooourrinff  in  m  fumooe  may  b«  nbdiTided  oa  follom: 

a.  HrnUni  nkiBc  trithout  fuaiaa,  m  la  tho  nuuiubetuia  of  gi^hiM. 

b.  Hesting  uid  [udoa.  u  m  tike  tr«BUiieat  of  bsuiits. 

c    H<Ktmtf  mad  obttmoMl  ehkcse  without  fuaob,  ki  iti  tbs  mviufactui* 
a1  oarbruiuiduQ], 
d.    Hantinc,  fuiiiin  uid  cbemiu]  chuisa,  u  in  [ha  manufaetun  of  onlcium 

CaltAmiM  Cm^M^vi*  —  Thii  eDnmound  u  praduced  by  ka  «(*otrothermal 
piooea*  iovaoMd  bv  Wlllgoo  in  lESl.  the  total  output  throiwbaut  the 
world  bdns  about  300.000  tooe  in  1902.  Its  value  li«  in  the  (tut  that  I 
pound  of  thii  mbdwuia  mixed  with  water  pioduiTee  thwretloallv  S.S  and 
■ntnally  about  5  oubio  feet  of  aoetyleoe,  enmvalent  in  illiimlnnuni  nnwM 

about  TO  cubk  feet  of  ordinary  Eas.     Tl 

"     -""-(iO+CH^     Variou.  font- „  _ 

the  produfltum  of  calcium  carbide.     One  type  inToited  by 


OaCt  +  BM  -  CaO  +  C^H|.  Varioua  forma  of  electrio  fumaoe  hav«  ben 
employed  la  the  produetion  of  calcium  carbide.  One  type  inreoted  by 
Kinc  and  repiwentad  Id  Fit.  10  oooilsta  of  an  iitxt  oar,  A,  whioh  boldi  the 

materiab  ■-■  —'-■-'-  -'  ■■- = = 

aleotrade. 

bonidn  1^  oarbon  platee  carriod  by  a  heavy  rod  C 
eompoHd  of  a  eopper  atrip  atraicthencif  by  u-on 
■ide  iiara.  The  material  fed  through  the  chaoneb 
0.  Pf  ^oabM  o(  a  mixture  of  1  ton  of  burnt  lime  and 
}  ton  of  ftrouiid  ooJce  to  produoa  1  top  of  carbide 
tbanaetloobdogCaO  •)-  3C  -  CaC,  +  CO.  An  aro 
b  fint  formed  between  tbe  eiectiodB.  C.  aad  tba  Boor 
of  the  track.  The  resultuw  high  temperature  ooo 
Terta  tbe  mixtun  Into  carbide,  the  aleetrode  bcang 
■iwlu^ly  raised  and  more  materia]  added  until  tbe 
<»r  isnsarly  filled  with  the  product,  when  it  la  run 
out  and  replaced  by  aziother.  At  Niagara  Fall*  a 
rotary  form  of  furnace  invented  by  C.  8.  Bradley 
is  UHfl,  bdnK  operated  oontinuouBjy  and  producina 

^'eotralyl 

a  commercial  name  for  earfaon  rilldde  (CSl)  produced 


It  i<  formed  by  intouelv  beating  in  an  electric  tiiRUM«  a 
mixture  of  3i  tons  of  sround  oi^,  6  totu  of  aand  and  about 
H  torn  of  aawduM  end  nit.  tU  yidd  bring  3  or  4  tool  of 
cryitallina  sarborundum  and  about  M  much  more  of  tbe 
amorplioui  nutariaL  The  fumaoce  used  at  Nianr*  Falls 
cooritt  lof  Gi«-brkk  bearthe  16  feet  long  and  6  leet  wide, 
looaely  aet  together  ao  that  the  liberated  CO  can  readily 
•Miape,  with  aolid  brisk  walls  at  eaoh  end  about  2  feet  thick 
and  S  or  8  feet  high  as  lUuitrated.     In  the  middle  of  each 

rent  li  led  to  a  ooia  composed  of  oubon.  woghina  about 

lono  Daimda  and  axtBiding  the  enUre  lengUi  of  the  furaace. 

"  h  tanperature  (about  3000° 

hours  an  altematiuc  nuT«nt 

.- —  ., _-~ul  bora^power  at  lOO  deeiwsirtg  to 

eonverts  it  into  oarbon  ^dde.  which  is  brokoi  up  after  the 
fumaoe  lus  oooled  and  used  to  make  hooes,  wheels  for 
grinding,  etc. 

MaaafBctare  sf  Crapliltc  —  ThisipplicalJonof  the 
<4ectria  furnace  dvqKnds  only  upon  heat  and  was  suggceted 
to  Aoheeon  by  the  fact  that  wheu  tbe  ttraperature  limit 
of  tbe  carborundum  furnace  was  exceeded  even  aligblly  (250°  C.)  a  large 
amount  of  graphite  was  formed  around  the  conduotlng  eon.  In  fact,  it 
hai  been  stated  that  a  yarlatioD  of  3  per  cent  In  the  alie  of  the  carbon  core 
OB*  *ar  or  the  otbsr  would  sartoudy  intarfen  with  the  working  aSdsDoy 


This  core  is  raised  to  a  vm  high 
C)  by  pSMinc  thion^  it  for  3S  hi 
of  about  lOOO  eleelilDal  borae-po 
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of  the  oarborundum  prooem  —  when  the  core  la  too  Bmall  the  heat  beeoaaM 
excessive  and  it  is  reduced  to  eraphite —  the  silioon  volatilising.  Acheeoo'a 
experiments  indicate  that  all  metallic  carbides  are  decompoaed  by  the 
application  of^  intense  heat,  the  metal  constituent  volatilising,  the  carbon 
remaining  behind  as  practically  pure  graphite,  and  his  patents  are  baaed  upon 
this  theory. 
The  commercial  work  of  the  Acheson  Company  is  in  two  lines: 

A,  Graphitinng  formed  carbon  objects. 

B.  Graphitiang  anthracite  coal  en  mosss. 
The  product  in  every  case  is  pure  graphite. 

In  case  A,  the  material  to  be  graiHiitised.  is  stacked  up  in  a  furnace  be> 
tween  the  electrodes  as  a  partial  core  2  feet  square  and  about  30  feet  kmg, 
being  thickly  covered  and  the  spaces  between  the  pieces  filled  with  a  finely 
ground  mixture  of  carbon  and  carborundum.  altemaUng  current  of 
3000  amperes  at  220  volts  is  applied,  and  changed  to  9000  amperes  at 
80  volts  before  the  end  of  the  run  of  about  20  hours. 

^  In  case  B  it  is  found  that  the  best  results  are  obtained  if  the  core  eon- 
nsts  of  a  rather  impure  form  of  carbon,  one  which  when  burned  at  ofdinary 
tonperatures  would  leave  a  large  percentage  of  ash  (10  to  15  per  cent). 
This  is  ground  to  the  size  of  rice  crains  aiid  used  as  the  fumacecfaam. 
with  a  conducting  core  of  partially  graphitised  earbon,  about  1000  Hjfm 
of  alternating  oiurent  being  applied,  for  20  hours. 

Ahmdum,  the  trade  name  for  artificial  corundum,  is  an  abrasive  made 
bv  a  process  due  to  C.  B.  Jacobs  and  others.  Bauxite,  a  natural  hydrated 
alumma,  the  same  material  as  used  in  the  Hall  aluminum  process,  is  cal* 
cined  to  drive  off  the  water  and  then  fed  into  an  electric  furnace,  the  eoa- 
struction  of  which  is  shown  in  the  illustration.     It  consists  of  a  ocmioal 


FiQ.  12.    Carbonindimi  Fumaee. 

sheet-iron  shell  mounted  on  a  hydraulically  operated  plunger  that 

and  lowers  it,  to  maintain  a  constant  current  or  2.000  amperes  at  80  volts. 
The  electrodes  consist  of  two  carbon  rods  that  project  into  the  shell,  which 
is  cooled  by  water,  from  the  U-shaped  trough,  trickling  down  its  outer 
surface.  ^ 

The  time  consumed  for  fusion  is  about  12  hours.  The  mass  is  allowed  to 
cool  and  is  then  removed  from  the  furnace  by  holding  the  sheet-iron  shell 
in  position  and  lowering  the  plunger,  the  product  being  broken  up  and 
sorted.  It  consists  of  four  parts:  namely,  a  red  and  blue  nuiss  in  the  ia- 
terior,  crystals  that  form  in  the  blow  holes,  a  porous  outer  portion  and  a 
by-product  consisting  of  a  metallic  regulus  of  ferro-silioon  which  is  used  fcr 
the  treatment  of  iron  in  the  Bessemer  and  open-hearth  fumaoes.  The 
porous  outer  part  is  used  as  a  recharge,  and  the  mass  as  well  as  the  cr^vtaJs. 
which  are  of  the  general  nature  of  rubies  and  sapphires,  in  fact  chemicalb' 
identical  with  these  gems,  are  ground  up  and  used  to  mikke  grinding  wheels 
and  other  abrasives. 

Cyanidet  of  PataMium  €md  Sodium  are  produced  electrochemically  by 
the  process  of  C.  S.  Bradley.  C.  B.  Jacobs  ana  others.  A  mixture  of  baiium 
oxide  or  carbonate  with  carbon  is  heated  in  an  electric  furnace  to  produos 
barium  carbide  (BaC>).  While  the  mass  is  still  hot.  nitrogen  (air  cannot 
be  used,  as  the  oxjrgen  present  would  oxidise  the  barium  and  carbon)  is 
passed  through  it  and  barium  cyanide  forms,  the  complete  reaction  being- 

BaO  +  3C  +  Nt  -  BaC.N,  +  00. 

The  bariiun  cyanide  thus  produced  is  treated  with  sodium  carbonate,  ths 
result  being  a  mixture  ot  Mdium  cyanide  and  barium  carbonate.  The 
former  is  separated  by  dissolving  it  in  water,  the  insoluble  barium 
carbonate  being  used  over  again.     PotasAum  cyanide  is  made  in  a    '   " 
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maimer  and  either  salt  is  suitable  for  gold  extraction  and  other  purposes 
for  which  cyanides  are  employed. 

Bleciric  Hmelttngr* — One  of  the  earliest  commercial  processes  in  eleo- 
irochemistry  was  that  devised  by  E.  H.  and  A.  H.  Gowles  in  1884.  A  mix- 
ture of  about  2  parts  of  alumina,  1  or  2  parts  of  granulated  copper  and 
1  or  2  parts  of  carbon  was  introduced  in  a  brickwork  chamber.  Bundles  of 
carbon  rods  inserted  at  the  ends  formed  the  electrodes  between  which  a 
current  of  3000  amperes  at  50  volts  was  maintained.  At  a  very  high 
temperature  the  alumina  was  reduced  (AlaOs  +  3C  »  Alj  +  3C0)  and  the 
resulting  aluminum  combined  with  the  copper  to  form  aluminum  bronse. 
This  process  is  no  longer  of  commercial  importance,  since  pure  aluminum 
can  be  mdily  ptirchased;  and  when  smelted  with  pure  copper  pvea  a  better 
grade  of  aluminum  bronae  at  a  lower  cost  than  is  possible  with  the  above 
method. 

Iron  and  tteel  can  be  produced  by  reducing  iron  ore  with  carbon  in 
an  electric  furnace.  For  example,  a  mixture  of  magnetite  and  carbon  can 
be  heated  by  pi>*»nng  a  current  through  it  as  in  the  Gowles  aluminum  bronse 
process;  tlm>ugh  a  carbon  core  in  contact  with  the  material  as  in  the  car- 
borundum process:  or  by  the  action  of  an  arc  as  in  the  carbide  process. 
The  reaction  is  F€^4  +  4C  »  3Fe  +  4C0.  Pure  (i.e.,  wrought)  iron, 
oast  iron  or  steel  may  be  produced,  depending  upon  the  proportion  of  car- 
bon. The  chief  advantages  are  the  directness  of  the  process  and  the  fact 
that  the  impurities  in  the  fuel  (sulphur,  silicon,  etc.)  are  not  introduced. 
On  the  other  hand,  it  is  a  question  whether  the  electric  furnace  can  com- 
pete in  eccmom^  with  the  buMt  furnace  and  Bessemer  converter. 

The  field  which  is  at  present  being  developed  is  the  conversion  of  scrap 
iron  and  pig  iron  into  crucible  steel  by  means  of  the  electric  furnace.  This 
method  offers  reasonable  chance  of  success,  since  the  cost  of  crucible  steel 
is  high  and  therefore  the  method  employed  may  be  relatively  costly. 

There  are  several  distinctive  types  of  furnaces  employed,  some  being  of 
the  arc  type,  some  of  the  resistance  type^  and  another  of  the  induction 
type.  This  utter  method  seems  to  be  the  most  promising,  since  the  pos- 
nbiUty  of  introducing  anode  impurities  into  the  charge  js  absolutely  done 
away  with. 


Z-BAY8. 

BsnsBD  BT  Edward  Lyndon. 

The  uHiinata  nature  of  X-rays  is  as  much  a  matter  of  doubt  at  the 

Present  day  as  when  Fjrofessor  Roentgen  presented  his  original  papers  in 
895.  It  is  general]  V  conceded  that  they  are  the  product  of  cathode  rays^ 
theee  latter  having  their  origin  in  electrioal  discharges  through  high  vacua. 
.  X-rays  are  produced  whenever  cathode  rays  strike  some  solid  substanee* 
and  the  method  employed  for  their  production  consists  in  exciting  a  vacuum 
tube,  having  electrodes  sealed  in  its  ends,  by  means  of  a  static  machine 
or  from  the  secondary  of  a  hi^h  potential  induction  coil. 

Under  the  influence  of  a  high  potential  dark  or  cathode  rays  r'^a"ii»tr 
from  the  negative  terminal  or  cathode;  these  rays  are  repelled  from  the 
surface  of  the  cathode,  and  where  they  impinge  on  a  solid  suostanoe  X.-njm 
are  emitted. 

X-rays  and  cathode  rays  are  fundamentally  different  in  that  the  cathode 
rays  are  subject  to  magnetic  deflection,  while  X-rays  are  not.  Thia  fact 
is  explained  on  the  assumption  that  the  cathode  stream  consists  of  particles 
movmff  at  high  velocity  and  carrying  a  negative  charge.  Such  a  stream 
is  capable  of  being  deflected  by  a  magnetic  field.  When,  however,  the  cathode 
stream  strikes  the  solid  substance,  called  the  anti-cathode,  the  particles 
yield  up  their  electric  charge,  and  in  passing  from  this  point  as  X-cays 
show  no  magnetic  deflection. 

The  discharge  of  the  cathode  stream  does  not  necessarily  take  place 
within  the  tube  from  terminal  to  t«rminal,  but  may  be  made  to  travd  in 
any  desired  direction  by  altering  the  position  and  configuration  of  the 
cathode. 

The  generally  accepted  idea, is  that  these  rays  travel  in  Hues  nonnal  to 
the  surutoe  from  which  they  originate,  and  for  this  reason  the  cathode  may 
be  so  shaped  that  the  rays  can  be  focused  on  the  anti-cathode;  that  cathode 
rays  can  be  focused  is  well  known,  but  William  Rollins  holds  that  it  m 
doubtful  if  the  rays  actually  travel  in  lines  normal  to  the  cathode  surface, 
reasoning  that  since  the  cathode  stream  is  made  up  of  moving  particles 
carrying  a  negative  charge  there  must  exist  a  repelling  force  between  all 
such  particles;  if  this  repelling  force  did  not  exist,  the  path  of  travel  wouki 
be  normal  to  the  cathode  surface,  and  the  focus  point  would  be  found  at 
the  center  of  curvature  of  the  cathode.  Rollins  states  that  the  focus  point 
lies  bevond  the  center  of  curvature  of  the  cathode  and  that  tlUs  distanes 
between  the  actual  focus  and  the  center  of  curvature  increases  with  m- 
oreasing  potential  across  the  tube  terminiJs,  due  to  an  increased  charge 
and  consequent  increased  rq[>eUing  force  between  the  particles  constituting 
the  cathode  stream. 

Where  cathode  rays  strike  upon  glass  or  a  like  substance,  the  pheoomeoone 
of  fluoiesoence  appears.  These  rasrs  are  similar  in  many  respects  to  X-rays, 
both  are  able  to  excite  fluorescence,  to  affect  sensitive  fifans,  and  are  sub- 
ject to  selective  absorption  in  passini^  through  solid  substanoes. 

The  fact  that  reflection  and  refraction  have  not  been  con^nsiwly  shown 
by  experiment  to  be  properties  of  X-rays  would  indicate  that  these  rays 
are  not  in  the  order  of  transverse  vibrations. 

Quite  recently,  however,  experiments  have  been  made  in  whi4&  it  was 
shown  that  X-rays  are  subject  to  polarisation,  and  while  refleetkm  and 
refraction  have  not  been  absolutely  proven  to  be  properties  of  the  rays, 
the  generally  accepted  idea  is  that  X-rays  are  ether  vibrations  of  enormous 
frequency  and  short  wave  lenjcth.  These  rays,  Uke  ultra  violet  light,  will 
discharge  electrified  bodies.  Tnis  fact  maybe  accounted  for  on  the  material 
theory  of  X-rays,  on  the  assumption  that  when  the  chai]Bed  partieles  «**i^fci"g 
up  the  cathode  stream  strike  the  anti-cathode  they  yield  up  Uisir  deetrie 
charge  and  pass  from  this  point  as  X-rays,  to  all  purposes  a  stream  of 
moving  particles  divested  of  their  electric  charge;  these  particles  wouU  then 
tend  to  become  charged  again  in  the  presence  of  an  eleetrified  body.    It 

1248 


X-RAT8. 


1249 


M  more  Drobftbto,  bowevw,  that  X-raya  are  eiher  Tibratioiia,  and  that  <lia- 
chane  ox  eleotrined  bodies  under  their  influence  10  due  to  ionization  of  the 
air.  being  dmilar  in  thie  req>eet  to  ultra  violet  light. 

Xal^ea.  —  Tubes  for  the  production  of  X-rays  are  made  of  glass,  the 
electrodes  are  sealed  in  the  tube  and  the  air  exhausted,  and  upon  the  deg:ree 
of  i^usuum  depends  the  penetration  of  the  X-rays  emitted. 

It  is  desirable,  and  the  general  praetiee.  to  provide  some  metallic  bod^ 
in  the  tube  upon  which  to  focus  the  cathode  rays,  this  being  the  anti- 
cathode,  and  it  is  from  this  body  that  X-rays  are  emitted.  In  Fig.  1,  A 
B  the  aiMxie,  B  the  anti-cathode,  and  C  the  cathode.  The  relative  positions 
of  these  terminals  may  varv  considerably  with  the  different  types,  but  in 
all  capes  the  functions  are  the  same. 

A  separate  electrode  in  the  tube  acting  as  the  anti-cathode  is  not  essen* 
tial  in  the  production  of  X-rasrs;  as  they  are  emitted  whenever  the  cathode 
rays  strike  any  solid  substance,  they  would  appear  if  the  cathode  rays 
were  focused  on  the  glass  tube  itself,  or  the  cathode  rays  may  be  focused 
so  as  to  fall  on  the  anode,  making  this  single  electrode  both  anode  and  anti- 
cathode. 

The  anode  and  cathode  are  usually  made  of  aluminum,  as  this  mttal 
undergoes  very  little  disintegratkm  under  the  actk>n  of  discharge.    Ov  ing 


Fio.  1. 

to  thfl  difference  in  the  expansion  coefficients  of  glass  and  aluminum  it  is 
necessary  to  join  the  anode  and  cathode  to  platinum  wires,  sealing  the 
platinum  into  the  glass  in  order  to  make  the  external  connections. 

Where  the  cathode  rays  strike  upon  a  comparatively  small  area  on  the 
anti-cathode  considerable  heat  is  developed,  consequently  some  metal, 
such  as  platinum,  which  ia  capable  of  withstanding  high  temperature, 
must  be  used  for  the  anti-cathode. 

Under  normal  operating  conditions  the  anode  and  the  anti-cathode  are 
connected  to  the  positive  of  the  source  of  supply,  while  the  cathode  is,  of 
course,  connected  to  the  negative.  Gonsideraole  care  shouki  be  exercised 
In  keeping  the  direction  of  current  flow  through  the  tube  in  the  right  diree- 
tion^  for  S  the  direction  of  current  be  reversed  and  continued  for  a  length 
of  time,  blackening  of  the  tube  will  result  because  of  the  disintegration  of 
the  platinum  anti-cathode,  and  the  tube  becomes  inoperative.  The  direc- 
tion of  the  current  flow,  per  «e,  through  the  tube  has  nothing  to  do  with 
the  production  of  X-rays,  but  it  is  essential  that  the  cathode  stream  shouki 
travel  in  such  a  direction  at  all  times  so  as  to  strike  the  anti-cathode. 

The  tube  shown  in  Fig.  1  would  emit  X-rays  if  the  exciting  source  were 
an  altematiog  current  of  sufficiently  high  potential,  but  X-rays  available 
for  use,  i.e.,  those  sent  out  from  the  anti-cathode,  would  be  emitted  only 
half  the  time,  or  during  that  time  in  which  the  current  would  be  normal 
in  direction,  while  the  tube  would  be  subject  to  a  certain  amount  of  damage 
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during  those  portions  of  time  in  which  the  ourrent  flowed  in  the  wiong 
direction. 

Tubes  have  been  made  for  use  with  alternating  currents,  one  form  of 
which  is  shown  in  Fig.  2.  In  the  tube  shown  both  terminals  are  so  shaped 
as  to  focus  the  cathode  rays  from  each  terminal  during  the  half  cycle  In 
which  it  is  a  cathcKie,  upon  a  common  anti-cathode. 

The  penetration  of  X-rays  is  dependent  upon  the  vacuum  in  which  they 
originate,  while  the  emissivity  of  tne  anti-cathode  increases  as  the  atomic 
weight  of  the  substance  forming  it  increases. 

»[nce  the  penetrative  power  of  the  rays  is  in  a  measure  inoportional  to 
the  degree  of  vacuum,  several  tubes  of  various  degrees  of  exhaustion  are 
necessary  where  the  class  of  work  is  varied,  and  in  all  cases  tubes  should 
be  selected  for  the  particular  use  for  which  they  are  intended;  but  one 
having  a  vacuum,  the  reeistanoe  of  which  is  eqmvalent  to  a  six  or  elgbt- 
inch  spark  gap,  will  give  fairly  good  results  for  a  variety  of  work. 
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A.  W.  Isenthal  and  H.  Snowden  Ward  state  that  "there      

tton,  the  causes  for  which  have  not  yet  been  sufficiently  studied,  when  the 
tube  emits  rays  of  great  penetration  and  withal  srields  a  vigorous  image. 
both  on  the  fluorescent  screen  and  on  the  plate.  The  eharacteristios  of 
this  stage  of  maximum  efficiency  are  an  incandescent  anti-cathode  with 
some  traces  of  blue  anode  light  m  the  tube.  Unfortunately  this  state  of 
affairs  is  more  or  less  transient,  and  the  tube  soon  becomes  perforated." 

The  vacuum  gradually  increases  with  the  amount  of  use  of  tubes,  this 
being  ascribed  to  the  fact  that  the  anti-cathode  and  other  platinum  nazts 
within  the  tube  are  subject  to  slow  disintegration  under  the  action  oidis- 
chaige,  and  the  particles  so  separated,  on  cooling,  oedode  some  oi  the 
residual  ^as  in  the  tube. 

If  the  mcreased  vacuum  ii  due  to  the  occlusion  of  the  residttal  gaa,  ob- 
viously the  original  vacuum  may  be  partially  restored  by  the  ai^cation  of 
heat,  the  occluded  gas  beins  given  up  under  the  action  of  heat. 

This  heat  may  be  supplied  oy  some  external  source  or  by  — "^^ng  thimi^ 
the  tube  a  current  of  sufficient  strength  to  appreciably  warm  H,  the  Ccinnsr 
method  being  preferable. 

In  all  cases  it  is  advisable  to  include  a  spark  |^p  in  the  circuit  to  the  tiAm. 
It  lessens  the  liability  of  the  tube  to  puncture  m  case  one  of  the  eleetnides 
becomes  detached,  and  it  acts  as  a  gauge  on  the  vacuum,  discharge  tiding 

Elace  across  the  ^p  if  the  vacuum  and  tne  oonsequoit  resistanoe  of  the  tij^bcs 
icrease  appreciably. 
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levAflTe  T«l»eft«  —  It  ia  impoarible  to  i>rev«nt  gndual 
changee  in  vacuum,  and  resulting  changes  in  resistance  and  penetrative 
power  of  the  rays  with  continued  use  of  a  tube,  but  these  chanMS  from  the 
original  state  may  be  minimized  by  the  use  of  Regenerative  Tubes,  many 
types  of  which  are  on  the  market. 

There  are  certain  substances,  such  as  palladium,  etc,  which  occlude  gas  at 
ordinary  temp^atures  and  yield  up  this  occluded  gas  on  being  heated; 
advantage  is  taken  of  this  property  for  maintaining  the  vacuum.  One 
type  of  regenerative  tube  is  shown  in  Fig.  3. 


Fu.  3. 

The  absorbent  is  placed  in  a  branch  of  the  tube,  shown  at  A ;  an  auxiliary 
path  for  the  current  is  provided  through  this  branch,  but  under  normal 
conditions  no  current  passes  via  this  auxiliary  path.  If,  however,  the 
vacuimi  increases  beyond  a  predetermined  spark  length  for  which  the  ad- 
justable arm  B  is  set,  the  current  will  then  travel  by  way  of  the  auxiliary 
path  in  preference  to  the  path  through  the  tube,  with  the  result  that  the 
cathode  rays  from  the  auxiliary  cathode  in  the  absorbent  chamber  will 
heat  the  absorbent,  causing  it  to  give  up  its  gas  which  lowers  the  vacuum 
in  the  tube.     This  gas,  however,  is  reabsorbed  when  the  tube  cools. 

Another  method  of  regeneration  depends  upon  the  fact  that  at  high 
temperatures  platinum  is  permeable  to  hydrogen.  Fig.  4  shows  a  tube 
in  which  a  platinum  wire  is  sealed  into  the  side  neck  of  the  tube  at  A  and  is 
protected  by  a  glass  cap.  When  the  resistance  of  the  tube  increases  ap- 
preciably the  glass  cap  protecting  the  wire  is  removed,  and  as  the  latter  is 
heated  b^  means  of  a  Bunsen  Burner  or  a  spirit  lamp,  hydrogen  is  in- 
troduced into  the  tube,  lowering  the  vacuum. 
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The  tube  shown  in  Fig.  4  has  an  anti-cathode  designed  to  obviate  high 
temp^atures  at  this  point.  This  anti-cathode  consists  of  a  heavy  metallic 
head  with  an  oblique  reflecting  surface,  the  head  forming  part  of  a  metallic 
tube  which  extends  back  into  the  oomparativelv  cool  side  neck,  this  metallic 
tube  being  connected  to  the  outside  terminal  By  means  of  a  wire.  Due  to 
the  fact  tnat  the  head  and  metallic  tube  have  considerable  mass  and  are 
good  conductors  of  heat,  exposing  a  large  surface  for  radiation,  the  heating 
of  the  reflecting  surface  is  not  excessive. 
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Varioui  forms  of  Miti-eathodes  have  been  devised  to  obviate  Inch  tem- 
peratuiee.  generally  taking  the  form  of  water  eooling  (not  in  direct  oontaot), 
or  by  so  aisposins  metalhc  bodies  tliat  the  heat  genoated  at  the  refleetipg 
surface  will  oe  rapidly  oonduotad  away. 

BxcittBf  Aoarce.  —  The  minimum  potential  across  the  tMiniaals  of  a 
vaeuum  tube  for  the  production  of  X-rays  has  been  variously  estimated  ~ 
7000  to  100.000  volts.    The  appeannce  of  X-rays,  however,  imder  a 
sure  of  7000  volts  was  due  to  special  conditions,  and,  ordinarily,  pres 
much  higher  must  be  emploved. 

High  potentials  could,  of  course,  be  obtained  from  specially  designed 
transformers  working  on  alternating  current  circuits,  but  since  double 
focus  tubes,  adapted  for  alternating  current,  present  aifficuhieB  In  actual 
operation,  their  use  has  not  become  general,  and  other  sources  of  hi^ 
potential  giving  a  uni-directional  current  are  almost  universally  used. 

Static  machines  give  very  good  results,  their  curroit  being  uni-directional 
and  the  potential  practically  constant,  and  therefore  a  stc«dy  disehaige  is 
produoea  through  tubes  excited  from  these  mac^iines. 

They  are  simple,  and  since  they  dispense  with  batteries  and  induction 
coils  have  much  to  recommend  them^  unfortunately,  however,  tbey  behave 
in  the  most  erratic  fashion,  the  polantv  being  subject  to  reversal  whencvrr 
rotation  of  the  disks  is  discontinued,  tnis,  of  course,  being  a  setions  disad- 
vantage. 

The  most  general  method  employed  for  excitation  is  by  indnrtioa  eaOs* 
giving  high  potentials  at  the  terminals  of  the  secondary  winding. 
^  The  induced  cturent  in  the  secondary  winding  is  not,  however,  unKdirse^ 
ttonal,  but  alternating  in  character.  The  wave  form  of  the  secondary 
current,  while  alternating,  is  not  uniform,  i.e.,  the  induced  £Jf  .F.  due  to 
ruDturing  the  current  in  the  primary  circuit  greatl:^  exceeds  the  induced 

SS.M.F.  produced  by  closing  the  primary  circwt,  or.  m  other  words,  the  in- 
uced  K.M.F.  at  break  is  greater  than  E.M.F.  of  make. 
Fig.  5  shows  the  manner  in  which  the  current  in  the  primary  dreait 
varies. 


Open — •\ 


TIME 
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Because  of  the  inductance  of  the  coil,  the  current  does  not  immedlatelf 
reach  its  maximum  value,  but  increases  logarithmically  as  indicated  by  thsA 
portion  of  the  curve  marked  "dosed." 

Tlie  inclination  of  the  curve,  or  the  rapklity  with  which  it  reaches  its 
maximum,  will  vary  with  the  constants  of  the  circuit  for  each  partieoiar  coil. 
but  Fig.  6  shows  the  general  form  of  the  current  curve.  The  rapsdity 
with  which  the  current  changes  in  a  circuit  is  proportional  to  the  time 
stant  of  the  circuit  or  L/A,  in  which  L  is  the  self-induetun  and  R  the  ~ 
anoe  of  the  circuit. 

When  the  circuit  is  ruptured,  however,  the  time  within  which  the 
falls  to  seen,  depending  upon  the  ratio  ot  the  Induetanoe  (L)  and 
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(R)  of  ih0  eirouit,  ii  araatly  diminiahed  becauM  R  is  increased  enoimouBl^, 
due  to  openisc  the  cirotiit.  The  ratio  L/R,  and  consequently  the  time  in 
which  the  current  falls  to  sero,  is  very  small  as  compared  with  the  oorre- 
spondinc  values  on  closincc  the  circuit. 

Since  the  induced  RM.T.  in  the  secondary  eircult  is  proportional  to  the 
rate  of  chanoe  of  magnetic  lines  through  the  turns  of  the  secondary  coil,  it  is 
srident  that  the  induoed  E.M.F.  of  break  will  greatly  exceed  that  of  make, 
as  the  current  of  the  primary  circuit  changes  very  much  more  rapidly  in  the 
former  case  than  in  the  latter. 

Usually  the  E.M.F.  due  to  closing  the  primary  circuit  is  not  of  sufficient 
intensity  to  excite  the  tube,  so,  for  this  purpow,  the  current  from  the  seo- 
ondaiy  of  an  induction  coil  may  be  considered  as  uni<direetionaL 

Mmtmmptmw^  —  Interrufiters  for  opening  and  closing  the  primary 
dreuit  should  have  the  following  characteristics:  (1)  Uniformity  of  inter- 
niptbn,  (2)  high  frequency,  and  (3)  completeness  of  interruption.  With 
respect  to  frequency  of  interruption  there  are  limitatbns  imposed  by  the 
properties  of  the  iron  core,  and  the  disposition  and  number  of  turns  of  wire 
eomposins  the  coil. 

Since  the  primary  oorrent  does  not  instantly  reach  its  maximum  value 
when  the  circuit  is  closed,  a  certain  time  must  oe  allowed  for  this  increase. 
If  the  speed  of  interrupter  be  such  that  the  circuit  is  opened  before  the 
eorrent  has  reached  its  maximum  value,  the  full  capabilities  of  the  coil  are 
not  used.  This  condition  is  shown  in  Fig.  6,  and  the  curves  shown  therein 
are  for  current  in  the  primary  with  respect  to  time. 
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In  the  figure,  the  frequenoy  of  the  interrupter  is  such  that  the  eircult 
remains  ctosed  only  through  the  time  interval  indicated  by  the  letter  C, 
during  which  time  the  primary  current  has  reached  only  a  value  shown  by 
the  height  of  the  ordinate  at  the  instant  of  interruption. 

A  coil  operating  with  an  interrupter  having  too  high  a  frequency  may 
have  its  effectiveness  increased  if  the  E.M.F.  impressed  on  the  primary 
circuit  be  increased,  thereby  forcing  the  primary  current  to  a  higher  value 
in  the  same  time  interval;  on  the  other  hand,  the  effectiveness  may  be 
increased  under  certain  conditions  by  increasing  the  time  of  make  and 
reducing  the  time  of  break,  the  frequency  of  the  interrupter  and  the  applied 
B.M.F.  remaining  the  same. 

There  are  two  general  iypeta  of  interrupters,  vis.,  mechanical  and  eleotro- 
Isrtie.  Many  forms  of  mechanical  intemipteis  have  been  devised  and 
various  desipas  are  on  the  market  in  which  provisions  have  been  made  for 
varying  the  frequenoy  of  interruption  and  the  ratio  of  time  of  make  and 


It  is  essential  in  all  oases  that  the  actual  breaking  of  the  current  should 
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ThI*  ioduotanee  la  unneecawry  It  tbeie  ii  auffident  eelf-iDduction  in  tht 
windingof  tba  induction  ooil  to  properly  operate  the  intoTupter. 

A  variable  rwlManoa  1(  aln  inelndedUKarcultlnonlertoTaiTtbeBppliid 


FLUORESCOPES.  1255 


The  phenomenon  of  fluoreBcence  Lb  the  emiasion  of  vimble  Ught  when  X- 
nya  or  cathode  rays  strike  certain  substances. 

In  transforming  the  energy  of  X-rays  into  light  for  the  examination  of 
radibsoopio  images  some  substance  must  be  used  which  fluoresces  under  the 
action  ot  the  rays.  Roentgen  originally  used  barium  platino-oyanide,  and 
this  is  very  largely  used  now,  aitnough  various  other  substances,  such  as 
potassium  platino-cyanide  and  calcium  tungstate,  are  in  use. 

Since  the  amount  of  light  given  out  b^  a  fluorescent  screen  is  small,  it  is 
necessary  to  exclude  all  other  forms  of  light  either  by  carrying  out  the  ob- 
•ervations  in  a  dark  room  or  by  enclosing  the  screen  m  some  suitable  obser- 
vation chamber  having  an  opening  for  the  eyes. 

The  chemicals  used  m  preparini^  the  fluorescent  screen  are  applied  to  some 
•npport,  this  support  in  turn  bemg  fastened  in  the  observation  chamber. 
Various  supports  for  the  chemicals,  such  as  cardboard,  vellum,  blackened 
on  one  side,  and  rubber,  have  all  been  more  or  less  used. 


ELECTRIC  HEATING.  COOKING  AND 

WELDING. 

Rbyishd  bt  Max  Lobwbnthal,  E.  E. 

For  definitiona  of  Heat.  Units,  Joule*8  Law,  eto.^  etc.,  see  pac«  3  aod  4, 

*'  Electrical  Engineeriog  UnitB." 

V»rioiu  HeAoda  of  UtlUslaf  the  ^ea*  €te— wrtg* 

Iby  tlie  Xlectric  Curremt. 

1.   Metallic  Coaducfora  (Uninterrupted  drouit). 

1.  Expoeed  coils  of  wire  or  strips. 

(a)  Entirely  surrounded  by  air. 

(6)  Wound  around  insulating  material. 

2.  Wire  or  strips  of  metal  imbedded  in  enamel. 

(a)  In  the  form  of  coils.  )  Leonard,  Simplex,  Geoeral  EleeCrisb 
(6)  In  flat  layers.  /     Crompton,  and  others. 

3.  Wire  or  strips  of  metal  imbedded  in  asbestos  and  other  insalatanc 

materials. 
(a)  In  the  form  of  ooils. 
(6)  In  flat  layers. 


4.  Wire  imbedded  in  various  insulating  compounds. 

(a)  Crystallized  acetate  of  sodium,  etc.    Tommasi. 

5.  A  Film  of  metal. 

(a)  Rare  metal  fired  on  enamel.  \  -pMum^k^.. 
lb)  Rare  metal  fired  on  mica.       jA'wwMtMW. 
(e)  Silver  deposited  on  fl^ass.    Reed. 


6.  Sticks  of  metal. 
Crystallized  silicon  in  tubes  of  i^ass.     Le  Roy. 
Metallic  powder  mixed  with  clay  and  camprwsed.    PtovilM. 

7.  Metal  in  the  form  of  powder  or  granules. 

(a)  Knnptol. 

8.  Incandescent  filaments  in  vacuum. 
High  wattage,  low  efficiency  lamps.    Dowaiiis,  QenerU 
leotric. 


[g 


Elf 


II.  ^eat  of  the  Clectrlc  Arc  (Interrapted  Gbwiit). 

1.  The  electric  furnace.     Siwnens,  Cowlee,  Parker,  and  othen. 

2.  Heat    of  arc    acting    upon   material,    producing   local    fmioB. 

Meritens,  Werdemann,  Bemardoe,  Howdis,  ana  othen. 

3.  Welding  by  bringing  metals  in  contact.    Thomson. 
/                      4.  Deflecting  are  by  magnet.     Za«ner. 

III.  Hjdro-electrotlienBlc   flysteai,  or  'Vrator^Paii  Wmt^m, 

Burton,  Hoho  and  Lagrange. 

Referring  to  the  above  classification.  Section  I,  the  methods  lefeiieJ  to 
under  subheads  1  and  3  require  no  further  explanatioo.   Hie  method  uadfr 
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subhead  2  oonnats  in  imbedding  the  reeistanoe  wire  in  some  fireprool  inso- 
lation such  as  enamel  or  i^ass.  This  insulation  is  of  comparatively  poor 
quality  as  a  conductor  of  heat,  and  so  thin  that  it  affords  the  least  possible 
resistance  to  the  flow  of  heat  from  the  heated  resistance. 

The  Hlmplex  Hyatem  iCarpenUr  PcUerUa,  subhead  2),  employs  high  resists 
anoe  wire  imbedded  in  an  enamel,  consisting  of  two  parts,  the  ground  maia 
and  the  surface.  The  former  consists  of  sihca^  crystallised  borax  (for  flux- 
ing), fluorspar  and  magnesium  carbonate,  mixed  in  various  proportions, 
powdered  and  fused.  To  this  is  added  aluminum  silicate  and  i>ure  powdered 
quarts.  The  enamel  proper  consists  of  flint  meal,  also  tin  oxide,  saltpetre, 
ammonia  carbonate,  lead  sulphate,  magnesium  sulphate,  potassium  car- 
bonate, borax,  and  sometimes  i^psum  and  arsenic.  These  are  carefully 
mixed,  as  too  much  of  any  ingreoient  will  make  the  enamel  crack  off,  or  wiU 
make  the  fusion  point  too  high  or  too  low.  The  insulation  resistance  varies 
from  40  megohms  when  cold  to  1000  ohms  at  400**  C.  Most  enamels  melt  at 
about  900''C. 

The  0«ner»l  Xlectrtc  quarts  enamel  type  unit  (subhead  2),  consists  of 
sfHrals  of  "Climax'*  resistance  wire  electricaUy  insulated  from  the  surface  to 
be  heated  by  quarts  enamel.  Tlie  quarts  grains  are  used  as  an  excellent 
binder  for  the  enamel. 

The  0«Bieral  fllectric  cartridge  tsrpe  unit  (subhead  3},  consists  of  a 
German  silver  wire  flattened  into  a  nbbon  and  wound  edgewise  in  a  spiral. 
To  insulate  between  the  turns  of  this  spiral  it  is  dipped  in  abath  of  insulating 
cement.  The  mass  is  then  squeesed  together,  so  that  a  thickness  of  insu- 
latinf[  material  of  .(X)3  inch  remains  between  the  turns.  The  spiral,  forming 
a  sohd  cartridge,  is  slipped  into  a  brass  or  German  silver  shell,  with  only  JOl 
inch  of  mica  between  the  edges  df  the  ribbon  and  the  shell.  The  heat,  pass- 
ing throu(^  the  thin  thickness  of  mica  is  conducted  to  the  outer  shell  and 
thence  by  direct  contact  to  the  surface  to  be  heated. 

ThePiroiiietlieiBs  Bytmnt  (subhead  5)  employs  units  composed  of  strifw 
of  mica  about  .(X)4  inch  thick,  on  whidi  is  painted  a  thin  film  <»  gold  or  plati- 
num, sometimes  only  .(X)l  mm.  thick.  The  metals,  in  the  form  of  powders, 
are  mixed  with  a  flux  and  then  painted  on  the  mica,  after  which  the  whole  is 
subjected  to  a  hi^  temperature,  the  finished  films  sometimes havinga  resist- 
ance of  1(X),0(X)  ohms,  each  being  made  to  consume  not  more  than  70  watts, 
this  giving  a  temperature  of  about  450**  <^.  To  prevent  injury  to  the  film  it 
is  coverea  with  another  strip  of  mica,  and  then  together  are  jsartly  enclosed  in 
a  thin  metal  frame.  The  insulation  resistance  of  these  stniw  varies  from  SO 
to  3(X)  megohms,  and  the  increase  in  the  resistance  of  the  foil  varies  from  10 
to  20  per  cent  during  a  period  varying  from  1  to  8  minutes. 

The  Iteed  method  of  depositing  a  layer  of  silver  on  fl^ass  was  described 
in  the  Electrical  World,  June  5.  1895. 

The  method  employed  by  Iieltoy  (subhead  6)  consists  of  endosingsticks 
of  orsrstallised  carbon,  having  a  specific  resistance  1838  as  high  as  that  of 
ordinary  arc  light  carbon,  in  duue  tubes.  For  110  volts,  rods  are  100  mm.  tong, 
10  mm.  wide,  and  3  mm.  tmcW!  This  takes  about  150  watts;  and  having 
a  surface  of  28  sq.  cm.,  the  dissipation  of  heat  is  at  the  rate  of  about  5  kg. 
calories  per  sq.  cm.  of  surface,  or  an  absorption  of  electrical  energy  of  6  watts 
persq.  cm.  of  surface. 

Parrllle  {VBclairaoe  Blee.,  Jan.  28,  1809)  uses  rods  of  metalhc  powder, 
mixed  with  fusible  clay  (quarts,  kaolin),  compressed  under  a  pressure  of  2000 
kg.  per  so.  cm.,  and  baked  at.  a  temperature  of  1350^  C.  A  rod  5  on.  long. 
1  cm.  wide,  0.3  em.  thick,  has  a  resistance  of  100  ohms,  and  absorbs  16500 
watts  per  kg.  One  quart  of  water  boils  in  5  minutes  with  15  amp.  and  110 
volts. 

Krjptol  (subhead  7)  is  a  patented  German  substance,  consisting  of  a 
mixture  of  graphite,  carborundum,  silicate  and  clay  in  a  granular  form.  A 
bed  of  this  refractory  material  has  an  electrode  of  carix>n  at  each  end.  The 
sise  of  Kxrptol  granules  varies  according  to  the  voltage.  The  current  is  de- 
termined by  the  thickness  of  the  bed.  Temperatures  up  to  3600°  F.  may  be 
obtained.  During  a  test  made  by  H.  Allen,  a  cube  of  cooper  weighing  8.45 
grains  was  melted  in  one  minute,  the  pressure  being  240  volts  and  the  current 
15  amperes. 

The  above  methods  are  utilised  in  the  construction  of  electric  oookinc  and 
heating  apparatus,  while  those  enumerated  under  Sections  II  and  III  are 
employed  for  purposes  of  welding,  smelting,  and  forging. 
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C3o«t  of  OpttratlnflT  Slectric  Cookiaf  Utensils. 

On  aooount  of  the  number  of  variables  which  enter  into  the  determination 
of  the  cost  of  electric  heating  and  cooking,  it  is  impoflsible  to  presMit  any 
general  data.     These  variables  may  be  classified  as  follows: 

1.  CSoet  of  current.  2.  The  skill  of  the  operator  from  the  cooking  stand- 
point. 3.  The  skill  of  the  operator  from  the  standpoint  of  using  tne  elec- 
trical apparatus  economically.     4.   The  type  of  apparatus  employed. 

It  is  poflsible,  however,  by  assuming  an  arbitrary  cost  for  current^  to 
calculate  the  cost  of  heating  a  given  quantity  of  water.  Let  it  be  re9mred 
to  heat  one  gallon  of  water  at  a  temperature  of  50°  F.  (lO**  C),  without 
actually  boiling  it,  to  the  boiling-point,  or  100°  C. ;  it  would  then  be  elevated 
90°  C.  Hence  3786  cubic  centimeters  would  be  raised  90°  C.  or  3786  X  90  » 
340,740  water-gramme-degrees-centigrade  of  heat  are  produced.  The  unit 
corresponding  to  a  water-gramme-d^ree-centigjade  is  the  calorie,  which 
requires  an  expenditure  of  4.18  joules,  so  that  the  work  required  to  be  done 
in  raising  a  gallon  of  water  to  the  temperature  of  100°  C.  is  equal  to  340,740 
X  4.18  «"  1,424,293  joules.  Assuming -the  cost  of  electric  current,  in  large 
quantities,  to  be  5  cents  per  kilowatt-hour  (which  is  equal  to  3,600,000 
joules,  as  1  joule  "-  1  watt  per  second),  the  cost  of  raising  one  gallon  of  water 
to  the  boiling-point  is  approximately  2  cents.  If  we  assume  the  current  to 
cost  15  cents  per  kilowatt-hour,  then  the  cost  would  i>e  6  cents. 

This  calculation,  however,  is  strictljr  theoretical,  as  the  assumption  is 
made  that  all  the  heat  generated  is  utilised  in  raising  the  temperature  of 
the  water.  This,  of  course,  is  not  the  case,  as  a  certain  amount  of  the  heat  is 
transmitted  to  the  metal  vessel  and  the  air  during  the  time  of  the  operation 
(about  15  minutes).  Assuming  the  efficiency  of  the  vessel  to  be  70  per  cent, 
which  represents  the  ratio  between  the  useful  and  the  total  developed  heat, 
then  the  actual  cost  of  heating  a  gallon  of  water  from  10°  to  100°  C.  at  a 
cost  for  current  of  5  cents  per  Idlo watt-hour  would  be  2  X  W  ="  2.86  cents, 
or  at  10  cents  per  kilowatt-hour  would  be  2  X  2.86  ■»  5.72  cents. 

An  approximate  rule  (according  to  Roger  Williams)  for  estimating  the 
amount  m  energy  required  to  raise  the  temperature  of  a  quantity  of  water  in  a 
given  time,  by  means  of  an  electricallv  heated  pot  is: 

One- third  watt  will  raise  one  pint  of  water  1^  F.  in  one  hour,  or  3(X)  watts 
will  raise  one  pint  of  water  from  70°  F  to  212°  F  in  ten  minutes. 

Cost  of  ^OAttnc  ir»t«r  to  IMlferont  Temperaturos  at 
Parlous  Ratos  for  lElectric  TBm^rgy, 

Jambs  I^  Atsr. 

Initial  temperature  of  water,  60°  F.     Efficiency  of  apparatus,  85%. 


Total 
Temp. 
Deg.F. 

One  Pint  Watts  Used  for 

Cost  in  Gents  with  Current  at 

5  m. 

10  m. 

20  m. 

1  Hour 

3  c. 

5  c. 

10  c. 

20  c. 

100 

164 

82 

41.04 

13.68 

.041 

.068 

.136 

.272 

150 

372 

186 

93 

31 

.093 

.155 

.31 

.62 

175 

468 

234 

117 

39 

.117 

.195 

.39 

.78 

200 

576 

288 

144 

48 

.144 

.24 

.48 

.96 

212 

624 

312 

156 

52 

.156 

.26 

.52 

1.04 

One  Quart. 

100 

324 

162 

81 

27 

.08 

.136 

.272 

.544 

150 

744 

372 

186 

62 

.186 

.31 

.62 

1.24 

175 

936 

468 

.  234 
•288 

78 

.234 

.39 

.78 

1.56 

200 

1,152 

570 

96 

.288 

.48 

.96 

1.92 

212 

1,248 

624 
One 

312 
Gallon. 

104 

.312 

.52 

1.04 

2.08 

100 

1,296 

648 

324 

108 

.32 

.544 

1.088 

2.17 

150 

2,976 

1.488 

744 

248 

.74 

1.24 

2.48 

4.96 

175 

3,744 

1,872 

936 

312 

.94 

1.56 

3.12 

6.24 

200 

4.608 

2,304 

1.152 

384 

1.15 

1.92 

3.84 

7.68 

212 

4.992 

2.492 

1.248 

416 

1.25 

2.08 

4.16 

8.32 
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flfldemcjr  of  Uectrtc  Oooldj^r 

Aooordin^  to  Mr.  Crompton,  the  effidenoy  of  an  ordinary  oooldnc^ECow 
using  solid  fuel  is  only  about  2  per  cent,  12  per  cent  beins  waated  in  obtain- 
ing a  glowing  fire,  70  per  cent  going  up  the  chimney,  ana  16  per  oent  being 
radiated  into  the  room. 

In  a  gae-stove,  considering  that  the  number  of  heat  unite  obtainable  from 
the  gas  at  a  certain  price  is  but  small  compared  with  solid  fu^  the  Tenti- 
lating  current  required  for  the  opemtion  alone  consumes  at  least  80  per  oent 
of  the  heat  units  obtained  by  burning  the  gas. 

In  the  case  of  an  electrical  oven,  more  than  00  per  cent  oi  the  heat  energy 
can  be  utilized :  and  thus,  although  possibly  5  to  6  pw  oent  only  of  the  heat 
energy  of  the  fuel  is  present  in  the  deotridu  energy,  90  per  oent  of  this,  or 
44  per  cent  of  the  whole  energy,  actually  goes  into  the  food,  and  thus  the 
electrical  oven  is  practically  twice  ae  economical  as  any  other  oven,  whetiicr 
heated  by  solid  fuel  or  by  gas. 


4       0       8 
MINUTES 

Fig.  1. 
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ktlre  Opemttuflr  Coate  •#  €tmm  mmit  Ble«*H« 


Cooipi 

Report  cf  Heating  Committee,  Aeeoeiation  cf  Bdieon  lUuminatiHg 

Companiee,  September,  1005. 

The  comparative  operating  cost  of  electric  and  gas  cooking  depends  upon 
two  questions,  —  the  relative  rates  for  gas  and  electric  heat  umta,  and  the 
relative  heat  efficiencies  of  gae  and  electric  apparatus.  A  third  Quantity  — 
the  effect  produced  by  the  different  rates  and  modes  of  heat  applications  In 
the  two  classes  of  utensils  —  may  effect  the  effieiency  slii^tly,  but  the  eodsV 
ence  of  this  effect  is  not  yet  verified. 

Starting  with  the  heat  of  coal,  which  may  be  fairiy  estimated  as  12,000 
B.T.U.  per  pound,  we  compute  the  reUtive  efficiency  of  the  heat 
as  follows: 


GA8. 

1  pound  ooal  produces  6  cubic  feet  gas. 

6  cubic  feet  gas  contain  3000  B.T.U. 

Efficiency  heat  conversion  is 

8000       «- 

j^ggl^  -  26  per  cent. 


1  pound  ooal  produces  0.2S  K.W. 
0.25  K.W.  contains  863  B.T.U. 
Efficiency  heat  ocmvcnioa  is 

7.1  pcroBt. 
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Efficiency  Electrical  Heat  Conversion 
Efficiency  Gas  Heat  ConvMsion 


.4  percent. 
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With  manufaoturing  prooesaes  of  equal  cost  per  pound  of  ooal  converted* 
it  is  apparent,  then,  that  an  deotric  heat  unit  must  cost  nearly  four  times  as 
mueh  as  a  gas  heat  unit,  but  with  present  processes  the  rdative  rates  are: 


GA8. 

11 .00  per  1.000  cubic  feet. 
1  B.T.U.  .000167  cents. 


Blbctbioitt. 

|0.10perK.W.H. 

1  B.T.U.  0.00208  cents. 


Electric  B.T.U.  0.00203 
Gas  B.T.U.  0.000167 


-  17.6. 


It  is  known  that  the  efficiency  of  electrical  apparatus  is  about  four  times 
that  of  gas,  and,  consequently,  as  the  gas  utensil  requires  four  times  as  many 
B.T.U.,  the  above  figure  of  17.5  is  reduced  to  4.4.  If,  then,  the  rate  for 
electricity  is  reduced  to  one-quarter  of  that  assumed,  or  2 . 5  cents  per  K.W.H« 
this  figure  of  4.4  is  ohan^xl  to  1.1,  and  we  have  practically  identical 
operatmg  costs. 

Goiii|iariso»  lietweem  Qaa  and  Slecirlc  ItAtea. 

According  to  James  I.  Ayer  (report  for  National  Electric  Light  Associa- 
tion, Blay.  1904)_electric  heat  at  an  average  efficiency  of  seventy  per  cent 
equals  .4197  K.W.H.  per  1,000  effective  heat  units,  and  for  105,000  effective 
heat  units  there  woula  be  required  44.065  K.W  JI.  to  give  the  same  results. 
To  compete  with  gas  at  equal  rates,  electricity  will  have  to  be  sold 

at  5.67  cents  per  K.W.H.  where  gas  is  at  $2.60  per  1,000  cubic  feet. 
at  4.54  cents  i;>er  K.W.H.  where  gas  is  at  2.00  per  1,000  cubic  feet, 
at  3.40  cents  per  K.W.U.  where  gas  is  at  1 .60  per  1,000  cubic  feet, 
at  2.83  cents  per  K.W.H.  where  gas  is  at  1 .25  per  1,000  cubic  feet, 
at  2.27  cents  per  K.W.H.  where  gas  is  at    1 .00  per  1,000  cubic  feet. 

The  above  is  as  fair  a  comparison  as  can  be  made  where  exact  figures 
cannot  well  be  secured.  The  results  above  quoted  have  been  checked  by 
records  made  in  the  same  family  alternately  using  gas  and  electricity  each 
week  for  considerable  periods  in  a  number  of  cases,  and  from  a  variety  of 
records  obtained  otherwise.  If  is  assumed  that  suitable  equipments  both 
of  electric  and  gas  appliances  are  used. 

Goat  •#  Op«nitlBf  Klectricalljr  ^e»<ed  Utemaila. 


Article. 


Chafing  dish 

Pint  baby  milk  warmer  and  food  heater 

Quart  food  heater 

Coffee  percolator 

Stove,  6  inches 

Stove,  8  inches 

Broiler  9  X  12  inch 

Curling  iron  heater 

Iron  3l  lbs 

Iron  6  lbs 

Frying  ^>an  (7  inches  diameter)  .    .    . 

Waffle  iron 

Tea  kettle 

Glue  jtpU  1  quart 

Soldering  iron.  2  Ibe 

Doctor's  steriUaer 

Bath  room  radiator 

Heating  pad 


Average 
Watt  Hour 
Consump- 
tion. 


400 

250 

500 

300 

500 

800 

1.200 

60 

250 

500 

500 

500 

300 

300 

200 

1.000 

1,000 

50 


Period  of 
Operation. 


Minutes. 

20 
6 
6 

20 

15 

15 

15 

15 

30 

80 

80 

12 

20 

20 

30 

30 

80 
per  hour 


Cost  Dur- 
ing that 
Period  at 
10  cts.  per 
K.W.H. 


a 


I 

i 


li^'-^  -'Q 


m 


m 


PAlUd 


'  •;  -5  '■  SB 


iTITiTr 

lifillifll 


SISI;  ■ 


.^Ess  ■:,■;': 


lllhsl 


I  ::l: 


llJIJil 


I; 
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■l«ctrtc  li^as  for  liaiiiMttc  and  ladasMal 


The  advantages  of  eleotrio  irons  over  irons  heated  by  gas.  ooal,  or  other 
fuel  are  as  follows:  Cleanliness,  continuous  operation,  saving  time  and  energy 
by  eliminating  the  travel  between  iron  and  source  of  heat,  concentration  of 
heat,  so  that  the  iron  only  and  not  the  room  is  being  heated,  improved  san- 
itary conditions  and  practically  uniform  temperature  of  iron  face.  In  view 
of  a  number  of  these  advantages,  it  has  been  found  in  actual  practice  that  an 
average  family  of  five  persons,  where  the  oollars  and  cuffs  are  sent  out  to  be 
ironed,  consumes  about  13.2  kilowatt  hours  per  month  for  ironing,  which 
at  the  10  cent  rate  per  K.W.H.  amounts  to  $1 .32  per  month,  which  is  about 
the  same  as  if  gas  were  used,  ooeting  $1 .00  per  1,000  cubic  feet.  The  cost 
of  operation  varies  with  sixe  of  iron.  For  ordinary  domestic  requirements, 
without  a  current  regulator,  the  iron  most  commonly  used  is  one  weighing 
about  six  pounds  and  consuming  about  500  watts  per  nour.  The  regulators, 
whether  oi  the  switch  in  the  handle  or  resistance  m  the  stand  type,  effect  a 
saving  of  from  15  to  20  per  cent.  The  power  consumption  of  the  various 
tjrpes  of  irons  is  as  follows: 

'      Watts 

4  pounds  Troy  Polishing,  diamond  face 330 

3)  pounds  Small  Seaming  (can  be  connected  to  lamp  socket)    .    .     200 

4  pounds  Gentleman's  Small  Hat  Iron 200 

54  pounds  Light  Domestic 500 

5f  pounds  Lic^t  Domestic,  round  nose 500 

7    pounds  Domestic 600 

S  pounds  Morocco  Bottom      500 
orooco  Bottom,  round  nose 500 

GomiiierclAl  JBlectrIc  JLmmmdry  Bqulpmeat. 

(At  Eahleman  db  Craig  Company,  Philadelphia^  Pa.) 

Watts 

7-5  pounds  Sad  Irons each    3.25  Amp.  at  110  V.  2502 

2-7  pounds  Sad  Irons each    3.80  Amp.  at  110  V.    83d 

2  Body  Ironers each  41.50  Amp.  at  110  V.  9130 

2-12  inch  Sleeve  Ironers each  12.40  Amp.  at  110  V.  2728 

1  Collar  and  Cuff  Ironer each    6.50  Amp.  at  110  V.    715 

3  Bosom  Ironers each  16.80  Amp.  at  110  V.  5544 

1  Rotaiy  Collar  Edger each    2.50  Amp.  at  110  V.    275 

1-7  pound  Sad  Iron each  23 .  00  Amp.  at    24  V.    552 

2-7  pound  Sad  Iron each  24.00  Amp.  at    24  V.  1152 

1  CoUar  Edging  Machine each    6.25  Amp.  at    20  V.    125 

1  HeimColUrShaper each    5.50  Amp.  at    20  V.    121 

Total  Equipment    23.68  K.W. 
A  full  description  of  "A  Model  Electrically  Operatecf  Laundry,"  by  H.  S. 
Knowlton  may  be  found  in  the  July,  1005,  issue  of  The  Electrical  Age^  New 
York. 

Unless  electricity  is  produced  at  a  very  low  cost.  It  is  not  oommerctally 
practicable  to  heat  residences  or  large  buildings.  While  this  is  true,  the 
electric  heater  still  has  a  field  of  application,  in  heating  small  offices,  bath- 
rooms, cold  comers  of  rooms,  street  railway  waiting  rooms,  tlie  summer  villa 
on  cool  eveningSj  and  in  mild  climates  a  still  wider  range.  It  has  the  peculiar 
advantage  of  bemg  instantly  available,  and  the  amount  of  heat  is  regulated 
at  will.  The  heaters  are  peif  ectly  clean,  do  not  vitiate  the  atmosphere,  and 
are  portable. 


(Prometheus  Electric  Company  of  England.) 

The  heating  of  rooms  and  buildings  can  be  aooompllBhed  either  by  radiant 
or  convected  heat.  With  the  former  method  heating  is  effected  by  the 
agency  of  glow  lamps,  and  with  the  latter  by  resistanees  working  at  com- 
paratively low  temperatures. 
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In  the  slow  lamp  type  the  filaments  of  the  hunpe  are  raised  to  an  exceed* 
in^y  hisp  temperature,  and  the  electric  energy  is  transformed  mainjv  into 
radiant  heat,  only  a  sxnall  portion  being  given  off  by  conduction  and  oon- 
Tection  —  henoe  the  name  *  radiator." 

In  the  non-luminous  type  the  resistances  are  either  bare  or  embedded  in 
fnamel  and  raised  to  a  comparatively  low  temperature,  which  heats  the  air 
in  contact  with  them,  thereby  settmg  up  convection  currents  in  the  air. 
rhey  are  generally  designated  as  radiators,  though  the  term  is  a  mianoiDer. 
They  should  rather  be  named  "con vectors  or  air  warmers."  Hie  differenee 
between  these  two  methods  of  heating  is  a  very  wide  one.  The  best  method 
to  employ  depends  entirely  on  the  nature  of  the  work  for  whidi  the  heaten 
are  reqmred,  as  explained  below. 

^ettttar  ^y  lla4ll»tlon.  —  The  heat  from  glow  lamp  radiaton 
has  been  likened  to  sunshine.  The  analogy  is  excdlent  and  has  no  doubt 
biduoed  many  non-technical  people  to  universally  employ  this  tyi»e  of  heat- 
ing in  preference  to  any  other,  regardless  of  the  nature  of  the  work  which 
they  desire  it  .to  perform. 

It  is  very  necessary  in  deciding  which  tsrpe  of  heater  will  give  the  moil 
eatisfaotory  results,  to  know  the  pun^ose  for  which  it  is  to  be  used,  and  the 
conditions  imder  which  it  will  work. 

Radiant  heat  only  raises  the  temperature  of  a  body  which  is  opaqiw 
to  heat  waves;  it  passes  throu(^  the  air  without  heating  it  in  the  slisbtast, 
and  only  causes  a  rise  of  temperature  in  the  air  by  heatmg  any  objects  that 
offer  opposition  to  its  passage  through  than,  these  in  turn  heating  the  air  in 
contact  with  them  by  conduction. 

Heat  waves  are  unaffected  by  air  currents  and  the  i^ow  lamp  radiator  is, 
therefore,  suitable  for  warming  oneself  by  out  of  doors,  in  balconies,  etc^  or 
for  quickly  warming  any  portion  d  one  s  body.  The  lig^t  emitted  is  also 
considered  by  some  people  to  add  greatly  to  the  attractiveness  of  the  h«atcr. 

The  heat  rays  are  reflected  forward  by  means  of  hig^y  jwlished  reflectots 
jplaced  at  the  back  of  the  lamps,  and  struce  against  any  oDjects  in  their  path. 
The  sone  of  action  is  dependent  on  the  shape  of  the  reflectors,  whicn  for 
constructional  reasons  are  made  in  simple  shapes,  confining  the  heatinc  fidd 
to  a  small  area. 

The  temperature  to  which  the  glow  lamp  radiaton  will  raise  any  opaque 
body  when  placed  in  any  definite  position  rdative  to  the  lamps  is  depsiMMnt 
on  the  density  of  the  heat  rays  on  the  surface  on  which  they  fall,  from  which 
no  doubt  has  arisen  the  popular  fallacy  that  a  radiator,  in  front  of  iHiidi  it 
is  uncomfortable  to  hold  one's  hands,  must  be  emitting  moi«  heat  than  a 
oonvector,  in  front  of  which  they  may  be  kept  for  any  length  of  time  without 
any  sense  of  discomfort.  The  only  true  measure  d  the  rate  at  which  heat  is 
being  devdoped  by  two  different  heaters  working  under  exactly  winiilar  con- 
ditions is  the  amount  of  air  heated  per  unit  of  time  multiplied  by  the  tcnn 
perature  through  which  it  is  raised.  Thus  a  heater  constructed  to  work  at 
a  very  low  temperature  may  be  giving  out  far  more  heat  than  one  working 
at  a  nigh  temperature,  though  the  former  would  appear  to  be  the  more 
powerfiu  of  the  two  if  gauged  merely  by  the  sensation  produced  on  putting 
one's  hands  close  to  the  names. 

Air  warming  by  radiant  heat  is  an  indirect  method  by  whidi  uniformity 
of  temperature  throughout  a  room  or  building  can  never  be  attained.  It 
is  of  the  utmost  importance  that  the  temperature  be  unifonn,  as  freedom 
from  draui^ts  and  consequent  comfort  and  healthy  conditions  cannot  other- 
wise be  secured. 

^eatlBiT  V»y  Cfrnvectlon.  —  The  heat  generated  in  the  resistanee 
warms  the  body  of  the  oonvector,  and  the  air  is  heated  by  direct  oontact  with 
the  hot  surfaces.  Convection  currents  are  consequently  set  up  in  the  neigh- 
boring air,  which  quickly  equalises  the  temperature  throughout  the  room 
in  which  the  con  vector  is  placed.  This  method  of  heating  dwelling  rooms 
is,  therefore,  under  normal  conditions,  far  more  effidoit  than  that  of  radia- 
tion, provided  the  temperature  of  the  resistance  material  is  not  hi^  enou^ 
to  matoially  affect  the  humidity  of  the  air.  Oonveotors  are  not»  however, 
in  virtue  of  the  comparatively  low  temperature  at  which  they  work,  so 
eflElcient  as  radiators  for  quickly  warmins  one's  hands  or  any  portion  of  one's 
body,  neither  can  they  compete  with  ramatora  idien  very  stnmg  air  euRenti 
are  present,  or  for  open  air  work  such  as  balconies,  band  stands,  etc. 

It  has  been  asserted  that  convectors  do  not.  like  radiators,  aoeomplash 
useful  work  as  soon  as  they  are  switched  in.    Such  bioad  atatements  an 
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not  ba0ed  on  facts  aa  the  relative  rate  of  air  heating  by  a  radiator  or  conveo- 
tor,  absorbing  the  same  power,  depends  entirely  on  tneir  capacity  for  heat. 
Naturally  a  convector  with  a  heavy  cast  iron  frame  will  absorb  a  large  quan- 
tity of  heat  before  it  can  work  at  its  maximum  efficiency,  but  all  the  heat 
that  is  stored  in  the  frame  is,  of  course,  taken  up  by  the  air  after  the  convector 
is  switched  off;  such  convectonib  therefore,  are  suitable  only  for  continuous 
work  over  long  periods. 

Saernr  Conaaaiptlom  of  Clectric  Heaters* 

According  to  Houston  and  Kennelly,  one  joule  of  work  expended  in 
producing  heat  wiU  raise  the  temperature  of  a  cubic  foot  d  air  about  ]^**  F. 

The  amount  of  power  required  for  electrically  heating  a  room  depends 
greatly  upon  the  amount  of  glass  surface  in  the  room,  as  well  as  upon  the 
draughts  and  admission  of  cold  air. 

An  empirical  rule,  commonly  employed,  is  to  figure  from  li  to  2  watts 
per  cubic  foot  of  space  to  be  heated. 

According  to  an  European  authority  if  a  sittinA-room  with  a  content  of 
100  cubic  meters  is  to  be  heated  to  17^  C,  while  the  temperature  of  the 
outside  is  3°  C,  he  estimates  that  3,500  kilogram  calories  are  required  per 
hour;  with  electric  heating  this  means  a  consumption  of  4  kilo  watt-hours 
for  every  hour,  while  with  coal  fud.  about  3  kilognuns  of  coal  are  required 
per  hour.  Experittice  has  shown,  says  the  same  authority,  that  for  every 
degree  Centi|prade  difference  between  the  lowest  outside  temperature  and 
the  desired  inside  temperature  and  for  every  cubic  meter  of  space  to  be 
heated  1  to  1.5  watts  of  electric  power  are  required;  as  an  approximate 
average  1 . 2  watts  may  be  assumed.  For  instanoh,  if  the  outside  temperature 
is  10^  C.  bdow,  and  a  sitting-room  of  50  cubic  meters  is  to  be  heated  to  18^  C, 
the  difference  of  temperature  is  28**  G.  Hence,  1,680  to  1,800  watts  are 
required,  while  the  time  in  which  the  desired  tempwature  is  obtained  varies 
from  one  to  three  hours,  varying  of  course,  according  to  whether  the  neigh- 
boring rooms  are  heated  or  not. 


C!oai|iarliMni  l»ctween  Klectric  aad  Coal  Hoatlag'* 

A  kilowatt-hour  in  heat  is  about  3,600  B.T.U.,  and  costs  a  consumer  in 
our  large  cities  from  5  to  20  cents  according  to  the  conditions,  or  from  72,000 
to  18,000  thermal  units  per  dollar.  On  the  other  hand  a  short  ton  of  ordi- 
nary good  steam  coal  wul  contain  28,000.000  of  B.T.U.  and  allowing  a  loss 
of  25  per  cent  in  a  boiler  wall  and  flue,  some  21,000,000  of  heat  units  can  be 
looked  for  in  boiler  water,  such  coal  costing  from  one  to  three  dollars -per  ton 
according  to  circumstances,  and  representing  a  srield  of  21,000,000  to  7,- 
000,000  of  thermal  units  i;>er  dollar,  or  in  the  neighborhood  of  three  hundred 
times  more  heat  than  the  electric  method  wouldfumish.  The  comparison 
is  in  a  certain  sense  unjust,  seeing  that  the  retail  price  ai  electric  energy  on 
a  small  scale  is  compared  with  manufacturing  cost  of  fuel  alone  for  heating 
water  on  a  large  scale,  and  a  far  better  relative  showing  could  be  made  where 
both  methods  were  compared  from  either  the  manmaoturer's  or  the  pur- 
chaser's standpoint,  whatever  the  scale  of  production  might  be.  {Editorial 
Electrical  World  and  Engineer.) 

XliJECTlftIC   CAJR  HCATnVA. 

At  the  Montreal  meeting  of  the  American  Street  Railway  Associatfen  in 
1885,  Mr.  J.  F.  McElroy  read  an  exhaustive  paper  on  the  subject  of  car- 
heating,  from  which  the  following  abstracts  are  taken: 

In  practice  it  is  found  that  20,000  B.T.U.  are  necessary  to  heat  an  18  to 
20  foot  car  in  zero  'weather.  When  the  outside  temperature  is  121**  F. 
only  16,000  B.T.U.  are  required,  etc.,  which  shows  the  necessity  of  having 
electric  heaters  adjustable. 

The  amount  of  heat  necessary  in  a  car  to  maintain  a  given  inside  tem- 

r-ature  depends  on:   1.  The  amount  of  artificial  heat  which  is  given  to  it. 
The  number  of  passengers  carried.    The  average  person  is  capable  of 
giving  out  an  amount  of  heat  in  24  houni  which  is  equal  to  191  B.T.U. 

This  is  evidently  an  error,  as  Kent  says  that  a  nerson  gives  out  about  400 
heat  units  per  hour;  and  tests  by  the  Bureau  of  BtandMxls  show  the  same 
(413)  for  a  person  at  rest,  and  about  twice  that  for  a  man  at  hard  labor  (885)- 
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CMt  vf  Car  HaatlBr. 

lie  vu  complied  bf  Hr.  UcElrOf  from  tli«  rt^lj  K 
uiT  [uUwaT  Company : 
osAlbuiTRBllir 


',  olu,  wMte,  uid  pMkIng*  per  k 


Oott  of  fuel  per  hour  for  hettliw  a  vx 

with  electric  beaten  wlUi  eoQ  at 

ffiJWpsrMOOIb.. 

Poeltlonof  Switoli. 

U. 

M.          3d.     1    Hth. 

Olh. 

..U 

2.«, 

.^ 

u» 

IM 

et». 

IM 

IJO 
l.W 

eta. 

1.x 

liB 

t  P«ir  amy  for  ■(••va. 


and  kindllug  ere.TnirludIng  coat  of  klndliig, 

BemuTing  stures  for  unninier,  liutalliaa  for  *1d- 
ter,  repairing  head  linings.  repalnunCi  etc., 
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M  of  irtrlMfT  for  «<  CoMolld»<Ml " 
f(»r  Use  Aloay  XrnM  Plank. 


jaakkBL 


^^^Luaz. 


JMMMIMWWMIII*. 


ffimnriiriiirnnn    i 


•MM 

iJMM 


6*Heater  Ectulpment 


■II  11*1111  ■_ 


■%MMfW«Mlir' 


;j»—»—i(iwii 


s 


li|"    *-■  l.iiarf"     .■>"li  a 


16-lle*ter  £q\sipinent 


sv: 


K^sa 


84^Il«*t«r  £c|ulpment 


sr:i 


twtm.nii*»jXtt€iasim^vh:Tsa&-^  r 


llBBtaBll 


Ijl    111    tlll 


^ 


Truss  Flaak  Heater  in  position,  showing  wiring  in  moulding. 

Fio.  3. 
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DlaCTttMis  of  irtrlnv  for  "^  CoiMolld«U)d  **  Hoators 

for  CroM  Se«to. 

JOSiSL 


iMVpNH 


j^^  TWWiite^ 


T] 


ir 


6*Hettter  Bquipmont 


J 


ff^ 


12-Heater  Eqvlpm4»iit 


n 


lil 


II IL 


16«>Heater  £c|tiipm«ttt 


juy 


aar       « 


Cross  Seat  "Consolidated'*  Heater  in  po8itt<m. 

Fio.  4. 
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r.  HcBlmy  beTora  the  StnM  lUtlmiy 

■ting,  nboiit  10  to  20  par  Dout  of  ths 
uii  IB  fl|/vii<  in  tha  hiKten,  and  the  Arerasa  of  tata 

-. n  with  «b1  and  elcotrtc  bestwi  foe  l&^our  mm 

H  par  day  erf  16  boon  for  ooal  aa  12^,  uid  for  al«otridly  13.30. 

Pataton  M  .P«iwfea*cn  sf  ■leetrlc  Cmr  HMtMn. 

iStntl  Railaav  Journal.  November  5,  1904.) 
W*  thint  It  ooly  fair  to  tha  electrio  beater  to  call  BtCaDtioD  to  a  very 

n  fault  oa  tb«  part  of  oompaniea  purahaainB  etectrio  oar  h^tinc 

.ante,  which  fauft  uauaUy  reaulti  in  the  end  m  a  ooDdemiiBtlaa  d 

I  hcBlara.     Thla  fault  lies  Id  tr^'iuE  to  get  aloua  with  a  lew  heater* 

worked  at  a  Ugh  (emiMntture  mUur  t&au  a  Ursa  number  worked  at  a 
lower  temperature.  Tba  reaaoii  why  oomiianiea  attempt  to  da  tliis  is,  of 
Boniae,  to  reduoa  the  Grat  ooet  of  heater  equipowat.  U  >  oar  is  to  be  heated 
t  oomfortably  by  electrio  heeten  ae  by  hot  water,  the  nearer  you  c&a  come 
to  diitribuUng  the  heat  evenly  thmuibout  the  length  of  the  oar  sod  avoiding 
•loeenvely  hot  pointi,  the  better  wili  be  t'lo  reeulta.  It  ii  Doming  to  be 
more  and  more  eaCabliehed.  that  heating  of  any  kind  oao  be  done  more 
effldeatly  by  a  lane  ndiatineaurfaoe  worked  at  low  temperature  than  by  a 
amall  rBoiating  aunace  worked  at  high  temperature,  Furthennore,  wlvlDDg 
■lectrio  beaten  at  knr  temperaturea  la  oondiioive  w  a  lona  life,  while  workina 


ladutrlal  El«c«rte  Hot 

Among  the  induvtriea  to  which  electriaally  hei 
auGoeaafuUy  applied  mav  be  mentioned:  Book  t 
hat  faetonn.  oandy  and  chocolate  mauufactoiia 
•■(abUglunenta,  ahoe.  paper  boi,  glove,  corset,  deni 

well  aa  holali,  hoepitau,  realauranta.  laboratoriea.  b , .. 

wherever  gaa  or  aleam  la  being  employed  for  the  loeallied  appUcai 
heat,  elaotneity  hai  been  found.  In  moat  eaiea,  a  more  aanitaiy,  fli 
aaler,  oleaner,  aa  ynO  ae  eqaally  eaonomical  aourm  of  heat. 

aieotrte  UMtt  Is  PrtiA^  lhflill«li»ii»f»  —  The  mc 
teonvsL  aa  wall  an  moat  «»aoialeaI.  beating  equinnant  Inaprioiiiig 
la,  no  doubt  that  at  the  Government  Printing  Office  at  Waahington. 
deugned  and  ineialled  by  the  Hadaway  Electnc  Heatinji  Company. 

The  following  pieoea  of  appaiatua  are  beans  eleetriaaHy  opentad  ai 
fully  at  the  preunt  time  (1907)  in  thia  offiee: 

Caae  Warming  Cabinet, 

Ceae  Warming  Table. 

Wai  Knife,  Cutiinif  down  MaebJne. 

Building  up  Tool  Heaters. 

Soldering  Iron  Hmlerii. 

Euibosiiiag  and  Staiuning  Freu  Head*. 

Glue  H«ter  Equipments. 


.■  if^.k 


b  of  this  equipment  have  bean  published  [n  the  Washington        % 
book,  issued  in  September.  leoL  by  the  Amerlcao  InsiRule  ^ 

igineers,  and  a  senea  of  artidea  In  the  Bledricai  World  and 


«w>>wer.  Vol,  4 

Tlie  oUn»  n ^ „ .„,. ._ 

•nsally  healed  apparatus  aa  eompared  with  steam  and  gas,  ai 
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The  aboenoe  <rf  eausen  of  heat  that  would  be  found  in  f onxu  other  than 
eleotrioal.  • 

The  ability  to  reduce  the  amount  of  time  neoesBary  to  make  impreenone. 

The  ability  to  bring  the  apparatus  to  a  working  condition  in  less  time. 

The  fact  that  in  ei^t  years  of  operation  they  have  not  had  an  instance  of 
a  bumt-out  coil. 


ly  He»ied  D«vto«a  te  thm  PrlattMi*  Ah^P  of 
P.  W,  CoUtfiir  *  Aoa,  ITew  York. 

The  following  list  of  apparatus  is  given  here  in  order  to  show  some  of  the 
details  of  this  class  of  apparatus  as  well  as  the  developments  of  this  class  of 


industry. 


Apparatus. 


2  glue  pots  . 
23  glue  pots 

1  glue  pot  . 
8  glue  pots 

2  ^ue  pots  . 
2  wax  heaters 
6  press  heads 
1  press  head 

1  press  head 
1  press  head 
1  press  head 
1  press  head 
1  press  head 


Type  and  Sise. 


Simplex  20  gal 

Haoaway  1  qt 

Simplex  1  qt 

Haoaway  2  qt 

2gal  . 

22  in.  X  24  in.  X  8i  in. 
22  in.  X  24  in.  X  Sl  in. 
22  in.  X  24  in.  X  Sl  in. 
22  in.  X  24  in.  X  31  in. 
22  in.  X  24  in.  X  3}  in. 
19  in.  X  12  in.  X  3}  in. 
12  in.  X  12  in.  X  31  in. 


BCax. 

Amp. 

ICin. 
'Amp- 

Volte. 

100 

22 

110 

2 

.5 

110 

2.5 

■  •  • 

110 

10 

2.5 

110 

22.8 

•  ■  • 

220 

100 

40 

110 

36 

2.8 

110 

36 

4 

110 

36 

3.6 

110 

36 

3.5 

110 

36 

4.5 

110 

30 

2.5 

110 

25 

2.5 

110 

Watts 

22,000 

6.060 

275 

8.800 

12.672 

22.000 

10.250 

3.060 

3,060 

3.960 

3.960 

3.300 

2,750 

111.947 


Forty-nine  articles,  consuming  112  Kilowatts. 

ill  Press  Heads. 
36  Qlue  Pots. 
2  Wax  Heaters. 

Xiabomterj  Uee.  —  The  milk  supply  of  New  York  City  is  ffoveraed 

by  tests  made  in  the  Laboratory  of  the  Board  of  HmUh^  by  means  of  electric 
stoves.  Twenty-five  4-inoh  disc  stoves,  of  60  watts  capadty,  are  used  to 
boil  the  ether  used  in  the  tests.  Fourteen  times  per  hour  these  little  stoves 
cause  the  ether  to  vaporise.-  The  germ  producer,  measuring  22X22x22 
inches,  is  heated  to  13(r  C,  by  means  oi  electricity,  a  maximum  current  of 
16  amperes  being  employed  for  15  minutes  every  hour,  wliile  3  amperes  keep 
up  the  desired  temperature. 

OolTee  ami  Cocoa  Diproc*. — The  cocoa  and  ooflFee  trade  has  appSed 
electric  heat  to  its  small  desiccating  or  drying  cabinets.  A  dryer  3^  feet  by 
5  feet,  requiring  a  temperature  of  150  degrees,  requires  about  74  watts  per 
cubic  foot  when  properiy  jacketed.  The  oeans  are  particulariy  susoeptiUe 
to  the  odors  arising  from  combustion,  hence  the  advantage  of  electric  heat. 
For  drsnng  kilns  40  watts  per  cubic  foot  are  reconunended. 

Gaiidx  MaMnfactare.  —  Warming  tables  and  chocolate  dipping-pots 
have  proved  successful.  Fifty  watts  produoe  sufficient  heat  to  keep  the 
chocolate  in  working  condition.  A  30-gallon  tank  holding  caramel  paste  is 
supplied  with  10  kilowatt  hours  to  keep  thejpaste  at  285^  C.  and  each  melt- 
ins  costs  about  65  cmts.  The  service  is  mtermittent,  hence  the  ad^ta- 
biuty  of  electric  heat. 

Aoldorlnc  ami  liraadlay  Iroaa.  —  TUm  canning  industry^  as  weO 
as  the  makers  of  switchboards,  and  others,  find  the  electric  soldenng  iron 
a  useful  and  economical  tool.  It  has  been  found  more  economical  to  oper- 
ate  electric  soldering  irons  heated  by  current  costing  5  cents  per  kilowatt  hoar 
than  irons  heated  in  gas  furnaces,  with  gas  at  $1.00  per  1000  oobio  feet. 
Heaters  of  110- watt  capacity  are  made,  into  which  a  soldering  iron  is  thrust* 
thereby  doing  away  with  the  conneoUng  handle  cord.  One  thovaand  hofp 
per  hour  are  stamped.  "Inspected,"  by  the  government  meat  inepeotois  m 
Chioaco.  by  means  of  a  400-watt  branding  tool,  which  ia  an  eleotrie  aotdering 
iron  with  a  die  inserted  in  place  d  the  copper  tip. 
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TliawiBiT  "Wutimv  Pipe*. 

The  following  figures  show  the  details  of  operation  ol  a  44-odl  storage 
battery  outfit,  mounted  on  an  automobile  truck,  in  oomparison  with  those 
obtained  bv  the  use  oi  a  rheostat  in  series  with  a  direct-current  3- wire  Edison 
system  with  the  neutral  wire  grounded.  The  figures  represent  the  average 
amounts  in  each  case. 


• 

Am- 
peres. 

K.W. 
Hours. 

Time. 
Min. 

Inch. 

Volt- 
age. 

Cost 

pet 

Case. 

Revenue 
per  Case. 

Storage  battery 
Street  supply      .    . 

513 
275 

1.39 
10.4 

5.44 
19.0 

1 

31.5 
120.0 

S10.85 
14.43 

$16.40 
16.93 

The  street  supply  is  used  until  the  season  has  so  far  advanced  that  th« 
number  of  cases  wiO  warrant  the  exclusive  service  of  *an  automobile  truck. 


■XiBOTllIC  W1BUDOr«  Aim  WOMCtWtiet. 

The  current  employed  in  electric  welding  may  be  theoretically  either 
continuous  or  alternating,  but  on  account  of  the  difficulty  of  producing  low 
tension  continuous  currents,  it  is  only  practicable  to  employ  alternating 
current.  AU  electric  welding  machines  are  fitted  .wilii  an  alternating  cur- 
rent transformer  as  an  integral  part  of  the  machine. 

Tliomeoa  Slectrio  ^IFeldlnc  Proc«M. 

Thejminciple  involved  in  the  s^mtem  of  electric  welding,  invented  by  Prof. 
Elihu  Thomson,  is  that  of  causmg  currents  of  electricity  to  pass  tnroufl^ 
the  abutting  ends  of  the  pieces  of  metal  which  are  to  be  welded,  thereby 
generating  heat  at  the  point  df  contact,  which  also  becomes  the  point  of 
createst  resistance,  while  at  the  same  time  mechanical  pressure  is  applied  to 
force  the  parts  together.  The  passage  of  the  current  through  the  metal  at 
the  point  of  junction,  gradually  but  auickly  brings  the  temperature  of  the 
metal  to  a  welding  point.  Pressure  follows  up  simultaneously,  a  weld  being 
effected  at  once. 


Hore«-Power  Ueed  la  Xlectric  fFeldlnc* 

The  power  required  for  the  different  sises  varies  nearly  as  the  cross  sec- 
tional area  of  the  material  at  the  joint  where  the  w^d  is  to  be  made. 

Within  certfdn  limits,  the  greater  the  power,  the  shorter  the  time;  and 
vice  versa. 

The  following  tables  are  based  upon  actual  experioice  in  various  works, 
and  from  very  careful  electrical  and  mechanical  tests  made  by  reliable 
experts.  The  time  given  is  that  required  for  the  application  of  the  current 
only,  and  may  be  shortened  with  a  oorresponiiing  increase  in  the  amouot  of 
power  applied. 

ii  Iron  or  ftt«el. 


Diameter. 

Area. 

H.-P.  Applied 
to  Dynamo. 

Time  in 
Seconds. 

iin. 

.06 

2.0 

10 

lin. 

.10 

4.2 

15 

i  in. 

.22 

6.5 

20 

fin. 

.30 

9.0 

25 

fin. 

.45 

13.3 

30 

r 
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Bxtra  HeaTjr  Iron  .Pipe. 

Inside 

Area. 

H.-P.  applied 

Time  in 

Diameter. 

to  Dynamo. 

Seconds. 

}  in. 

.30 

8.9 

33 

.40 

10.6 

40 

1    in. 

.00 

16.4 

47 

liin. 

.79 

22.0 

63 

l{ln. 

1.10 

32.3 

70 

2    in. 

1.06 

42.0 

84 

2i  in. 

2.26 

63.7 

93 

3    in. 

3.00 

96.2 

106 

Cleaenal  Table. 


Iron  and  Steel. 

Copper. 

Area  in 

Time  in 

H.-P.  applied 

Area  in 

• 

Time  In 

H.-P.  applied 

»q.  in. 

Seconds. 

to  Dynamos. 

sq.  in. 

Seconds. 

Dynamos. 

OJS 

33 

14.4 

.126 

8 

lOJO 

1.0 

46 

28.0 

.26 

11 

23.4 

lA 

66 

39.4 

.376 

13 

31.8 

2.0 

66 

48.6 

JS 

16 

42.0 

2.6 

70 

67.0 

.626 

18 

51^ 

8.0 

78 

66.4 

.76 

21 

61.2 

3A 

86 

73.7 

.876 

22 

ns 

4.0 

90 

83.8 

1.0 

23 

82.1 

Axle  fFeldtnc. 


V  round  axle  requires  26  Horse-power  for  46  seconds. 

1"  square 

IV'  round 

IV' square  " 

2^'  round    " 

2"  square  " 


(I 
(( 
It 
(( 


30 
36 
40 
76 
90 


it 
it 

it 
ti 
ti 


it 
(t 
it 
it 
it 


48 
60 
70 
96 
100 


«• 
(I 
I* 

it 


The  slightly  increased  time  and  power  required  for  welding  the  square 
axle  is  not  only  due  to  the  extra  metal  in  it,  but  in  part  to  the  care  which  it 
is  best  to  use  to  secure  a  perfect  alignment. 

Tire  fFeldlng'. 

tire  requires  11  Horse-power  for  16  seconds, 
y      ti  it         23     **  **         **    26       '* 

'/       if         ft         23     **  "         *'    30       '* 

/       it  it         23     **  *'         "   40 

'/       ii         ««        29     **  "         "   66 

/       ti  it        42     **  " 


it 

it 


It 
It 
11 


The  time  above  given  for  welding  is  of  course  that  required  for  the  actual 
application  of  the  current  only,  and  does  not  include  that  oonsnmed  bT 
placinK  the  axles  or  tires  in  the  machine,  the  remoral  of  the  upeet,  and 
other  finishing  processes. 

From  the  data  thus  submitted,  the  cost  of  welding  can  be  readily  flfttred 
for  any  locality  where  the  price  of  fuel  and  cost  of  labor  are  known. 
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A  test  on  the  electric  wdding  equipment  of  the  American  Steel  Frame 
and  Band  Iron  Company  of  New  York,  made  by  the  New  York  Edison 
Company,  to  determine  the  amount  of  energy  used  per  weld,  gave  the 
following  result.  The  equipment  oonnists  of  a  50  horse-power  220  volt, 
direct  current  motor,  belted  to  a  fiO  kilowatt  220  volt,  2  phase,  60  cycle, 
separately  excited  alternator^  and  three  7 . 5  kilowatt  step-oown  transform- 
eiB,  with  an  approximate  ratio  of  45  to  1. 

When  welding  iron  frames  .0352  square  inch  in  cross  section,  it  takes 
1  kilowatt  hour,  supplied  to  the  transformer,  to  make  500  welds,  the  time 
required  being  53  minutes.  This  averages  2  watt  hours  per  weld,  and 
taking  the  time  the  current  is  applied  as  0. 7  seconds  per  weid,  the  welding 
current  figures  out  about  2000  amperes  at  4.75  volts.  A  meter  installed 
in  the  motor  circuit  showed  4 . 2  kilowatt  hours  direct-current  input  for  390 
welds,  making  an  average  of  10.77  watt  houra  per  weld. 

ISlectric  Rail  fTeldlnv. 

The  *'  Electric  "  joint,  applied  by  the  Lorain  Steel  Co.,  is  made  by  welding 
platen  on  both  sides  of  the  web  of  the  rail.  The  plates  shown  m  Fig.  o 
are  1  inch  by  3  inches,  by  18  inches,  and  have  three  bosses,  three  welds 


oiAGifAm  ofcoNntcnotm  «f  hjil  nfctoc* 


T-  moLurv 

9Ji'0fMO€TI0r9 

m  •  moroit 
•  •  •oof  ret 


ti.c»ittMerr¥9C0tL 


A 


Fio.  5. 

$KgrcH  or  BAH  usto  m  wtLOifn 


fi9 


^ 


Web  Plates 

Fio.  6. 


being  made  at  each  joint.  Great  pressure  up  to  35  tons  is  maintained  on 
the  joint  whilst  maldng  and  cooling.  The  welding  current  runs  as  high  as 
25.000  amperes.    The  connections  are  shown  in  Fig.  5- 
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Zeremer  ftysteai. 

In  this  system  an  arc  is  used  in  combination  with  a  magnet  which  deflects 
the  arc,  making  a  flame  similar  to  that  of  a  blow-pipe,  but  haying  the  tem- 
perature of  the  arc.  The  apparatus  contains  a  self-regulating  device 
which  is  driven  by  a  small  eleotnc  motor ;  for  welding  iron  a  current  of  40  to 
50  amperes  at  40  yolts  will  suAce  for  strips  of  metal  three  mm.  thick. 

IBcnufcrdoa  Sjsteiai. 

In  this  system  the  article  to  be  operated  upon  is  made  to  constitute  one 
pole  of  the  electric  circuit,  while  a  carbon  pencil  attached  to  a  portable 
insulated  holder,  and  held  by  the  workman,  constitutes  the  other  pole,  the 
electric  arc— which  is  the  neating  asent  of  the  process — being  stmok 
between  the  two  poles  thus  formed.  This  system  has  been  used  extensirely 
in  England  for  the  repair  of  machinery.  The  Barrbeat^trange  Patent 
Barrel  Syndicate  use  this  system  for  the  welding  of  the  seams  of  sheet- 
steel  barrels. 

Volt«x  Process  for  'Weldlnc  aad  IBrmMimg 

Consists  in  the  use  of  an  electric  arc  formed  between  two  special  carbon 
rods  inclined  to  each  other  at  an  angle  of  about  90°.  The  whole  apparatus 
can  generally  be  held  in  one  hand.  With  gas  and  ooke,  gas  coenng  only 
70  cents  per  1000  cubic  feet,  it  is  claimed  the  complete  cost  of  braxlng  and 
filling  up  a  bicycle  frame  is  $1.43,  while  with  the  Voltex  procen,  at  6  eenti 
per  kilowatt  hour,  it  is  only  46  cents. 


ftteMsuio  Proccwe  of  Eloctrlc  SaioltAor 

Consists  of  heating,  in  an  arc  furnace,  briquettes,  composed  of  iron  ore, 
carbon,  and  lime  made  into  a  paste  with  tar.  The  smelnng  process  occurs 
in  a  blast  furnace,  the  iron  being  reduced,  and  the  siliceous  matter  of  the 
ore  slagged  olf . 

Aasottlimc  of  Anaor  Plato. 


The  spot  to  be  treated  is  brought  to  a  temperature  of  about  1000  °  F. 
The  current  used  is  eauiralent  to  40,000  amperes  per  square  inch,  a  density 
which  is  only  possible  by  the  use  of  oooungby  water  circulation.  The 
oi>eration  generally  takes  seven  minutes. 

Holio  mmd  liscTanc*  ftjatoas« 

In  this  system  an  electrolytic  bath  is  employed,  into  which  an  electrie 
current  of  considerable  B.M.F.  is  led,  passing  from  the  positive  pole  wblek 
forms  the  boundaries  of  the  bath  and  presents  a  large  surface  to  the  elee> 
trolyte  and  thence  to  the  negative  pole,  consisting  of  the  metal  or  other 
material  to  be  treated,  and  which  is  of  relatively  small  dimensions. 

Through  the  electrolytic  action  hydrogen  is  rapidly  evolved  at  the  nega- 
tive pole  and  forms  a  Kaseous  envelope  around  the  pole :  as  the  gas  is 
a  very  poor  conductor  or  electricity,  a  large  resistance  is  thus  introduced 
in  the  circuit,  entirely  surrounding  tne  object  to  be  treated.  The  current  in 
passing  through  this  resistance  develops  thermal  energy,  and  this  is  com- 
municated to  the  metal  or  other  object  which  forms  the  nwative  pole. 

This  system  has  been  extensiv^ely  used  in  England,  and  is  deeeribed  In 
TKe  Electrical  Worlds  Dec.  7, 1895. 

liortoo  Electric  For^o. 

In  a  patent  granted  to  George  D.  Burton  on  an  electrolytic  foivs,  the 
portion  to  be  heated  is  placed  in  a  bath  consisting  of  a  solution  of  sal  soda, 
or  water,  carbonate  of  soda,  and  borax.  The  tank  is  preferably  made  of 
porcelain  or  fire-clay.  The  anode  plate  has  a  contact  surface  with  the 
liquid  much  greater  than  the  area  of  contact  of  the  article  to  be  heated. 
This  plate  is  composed  of  leaa,  copper,  carbon,  or  other  suitable  oondveting 
— — '-V 
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In  a  lecture  on  "The  Rating  and  Behavior  of  Fum  Wires,"  before  the 
A.  I.  E.  E.,  in  October,  1805,  Meaars.  Stine,  Oaytes,  and  Freeman  arrived  at 
the  following  oonoluaions: 

1.  Covered  fusee  are  more  sensitive  than  open  ones. 

2.  Fuse  wire  should  be  rated  for  its  carrying  capacity  for  the  ordinary 

lengths  employed. 
2(a).  When  fusing  a  circuit,  the  distance  between  the  terminals  should 

be  oonsidereia. 
On  important  circuits,  fuses  should  be  frequently  renewed. 
The  inertia  of  a  fuse  for  hi^  currents  must  be  considered  when 

protecting  special  devices. 
Fuses  should  be  operated  under  normal  conditions  to  ensure  cer- 
tainty d  results. 
Fuses  up  to  five  amperes  should  be  at  least  1)  inches  long,  one-half 

indi  to  be  added  for  each  increment  erf  five  amperes  capacity. 
Round  fuse  wire  should  not  be  empio;^ed  in  excess  of  30  amperes 

capacity.    For  higher  currents  flat  nbbons  exceeding  four  inches 

ki  lengu  should  be  employed. 


3. 
4. 

5. 

6. 

7. 


The  following  table  shows  the  sises  of  fuse  wire  and  the  approximate 
current-carrsring  capacity  of  each  sise: 


(Chas&Shaunnui  Company^  BotUm.) 


Carrying  Capacity 
in  Amperes. 

Standard  Length 
in  Inches. 

Diameter  in 
Mib. 

Feet  per  Pound. 

\ 

\' 

. 

10 

2.700 

\' 

17 

950 

1 

1' 

' 

20 

670 

li 

J 

' 

23 

510 

2 

1 

25 

430 

3 

1 

27 

370 

4 

1 

1 

30 

300 

5 

2 

35 

220 

6 

2 

38 

185 

7 

2 

44 

140- 

8 

2 

47 

120 

0 

2 

54 

93 

10 

2 

58 

80 

12 

3 

62 

70 

14 

8 

68 

60 

15 

3 

70 

52 

16 

3 

73 

49 

18 

3 

78 

43 

20 

86 

86 

25 

90 

82 

30 

100 

26 

35 

110 

22 

40 

122 

18 

45 

126 

13 

50 

147 

12.5 

60 

5 

160 

10.3 

70 

5 

172 

9.0 

75 

5 

178 

8.3 

80 

5 

190 

7.5 

90 

5  : 

198 

6.7 

100 

5 

220 

5.5 
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iH,  C.  Cuahino»  Jr.) 

EnokMed  fuses  of  standard  sises  are  now  on  the  market  and  are  preferably 
to  link  fuses.  Where  the  link  fuses  are  used  they  should  have  oontaet  snp- 
faoes  of  tips  of  harder  metal,  having  perfect  eleetrical  connection  with  tlia 
fusible  part  of  the  strip. 

The  use  of  the  hard  metal  tip  is  to  afford  a  strong  mechanical  bearing  for 
the  screws,  clamps,  or  other  devices  provided  for  holding  the  fuse. 

They  should  be  stamped  with  about  80  per  cent  of  the  nriaTimunn  current 
they  can  carry  indefinitely,  thus  allowing  about  25  per  cent  overload  before 
the  fuse  melts. . 

The  following  table  shows  the  maximum  break  distance  and  the  separation 
of  the  nearest  metal  parts  of  opposite  polarity  for  plain  open  link  fuses,  when 
mounted  on  slate  or  marble  bases  for  different  voltages,  and  for  different 
currents: 

125  VOLTS  OR  LESS. 


10  amperes  or  U 
11-100  amperes 
101-^00 


Separation  of 

Nearest  Metal. 

Parts  of  Opposite 

Polarity. 


Minimum 
Distance 


tinoh 
inch 
inch 


126  TO   250  VOLTS. 


10  amperes  or  U 
11-100  amperes 
101-300  amperes 


1\  indi 
ll  inch 
14  inch 


Fuse  terminals  should  be  stamped  with  the  maker's  name,  initials,  or 
some  known  trade-mark. 

The  lengths  of  fuses  and  distances  between  tennlnals  are  important  points 
to  be  considered  in  the  pro{>er  installation  of  these  electrical  "rafety  vaJves." 
No  fuse  block  should  have  its  terminal  screws  nearer  together  than  one  indi 
on  50  or  100  volt  circuit,  and  one  inch  additional  space  should  always  be 
allowed  between  tenninals  for  every  100  volts  in  excess  of  this  allowance. 
For  example: 

200  volt  circuits  should  have  thdr  fuse  terminals  2  inches  apart,  300  volts 
3  inches,  and  500  volts  5  inches.  This  rule  will  prevent  the  Duming  of  the 
terminals  on  all  occasions  oi  rupture  from  maximum  current,  and  this  euirent 
means  a  "short  circuit.*' 

SMcloavd  Foaea.  —  The  "Enclosed  Fuse  *'  or  "Cartridge  Fuse,**  eon- 
sists  of  a  fusible  strip  or  wire  placed  inside  of  a  tubular  holding  jaeket, 
which  is  filled  with  porous  or  powdered  insulating  material  through  which 
the  fuse  wire  is  suspended  from  end  to  end.  The  wire,  tube  and  filling 
are  made  into  one  complete  self-contained  device  with  brass  or  eop|Mr 
terminals  or  ferrules  at  each  end,  the  fuse  wire  being  soldered  to  the  insMle 
of  the  ferrules.  When  an  enclosed  fuse  "blows'*  by  excess  eurrent^  tha 
gases  resulting  are  taken  up  by  the  filling,  the  explosive  tendency  is  reduced 
and  flashing  and  arcing  are  eliminated.  "D.  AW.,**  "G.  E.,^*  "Noark" 
and  "Shawmut,"  enclosed  fuses  are  approved  by  the  Natioiial  Eleetiie 
Code. 


LIGHTNING  CONDUCTORS. 

Views  oonoeming  the  proper  fnnotion  and  yalue  of  lightning  rods,  oon- 
ducton,  arreeters  and  all  proteotiye  deyioee  have  undergone  considerable 
modification  during  the  past  ten  years.  There  may  be  said  to  be  four 
periods  in  the  history  of  tne  development  of  the  lightnlnff  protector.  The 
first  embraces  the  discovery  of  the  identity  of  lightning  with  the  disruptive 
discharge  of  electrical  machines  and  Franklin's  dear  conception  of  the 
dual  function  of  the  rod  as  a  conductor  and  the  point  as  a  discharser.  The 
second  b^lns  with  the  experimental  researches  of  Faraday  and  the  minia> 
ture  house  some  twelve  feet  high,  which  he  built  and  lived  in  while  testing 
the  effects  of  external  discharges.  Maxwell's  suggestion  to  the  British 
Association,  in  1876,  embodies  a  plan  based  upon  Faraday's  experiments,  for 
protecting  a  building  from  the  effects  of  lightning  by  surrounding  it  wiUi  a 
ease  of  rods  or  stout  wires.  The  third  period  begins  with  the  experiments 
of  Herts  upon  the  propagation  of  electro-masnetio  waves,  and  flniu  its  most 
brilliant  expositor  in  I>r.  Oliver  J.  Lodge,  of  University  Gollege»  Liverpool, 
whose  experiments  made  plain  the  important  part  whidi  the  momentum 
of  an  electric  current  plays,  especially  in  discharges  like  those  of  tiie 
lightning  flash,  and  all  dlscharffeB  that  are  of  very  high  potential  and  oseilla- 
tory  in  character.  The  fourth  period  is  that  of  the  present  time,  when 
individual  flashes  are  studied ;  and  protection  entireiv  adequate  for  the 
particular  exposure  is  devised,  based  upon  some  knowledge  of  we  electrical 
energy  of  the  flash,  and  the  impedance  offered  by  appropriate  choke  coils 
or  other  devices.  For  example,  under  actual  working  conditions,  with 
ordinary  commercial  voltages,  effective  protection  to  electrical  machinery 
connected  to  external  conductors  may  be  had  with  a  few  choke  cckils  in 
aeries  with  intervening  arresters. 

A  good  idea  of  the  growth  of  our  knowlectee  of  the  nature  and  behavior 
of  the  Ughtning  flash  may  be  obtained  from  the  following  publications : 

Franklin's  letters. 

Experimental  Researches.  .  .  .  Faraday. 

Report  of  the  Lishtning  Bod  Conference,  1882. 

Lodge's  "  Lightning  Ck>nductors  and  Lightning  Guards,"  1892. 

"Lightning  and  the  Electricity  of  the  Air/'  .  .  .  McAdie  and  Henry, 
1899. 


c 
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FIQ.  1    EFFECT  OF  THE  ACTION  OF  UQHTNINQ 
UPON  A  ROD. 

That  a  lightning  rod  is  called  upon  to  carry  safely  to  earth  the  disoharg* 
from  a  cloud  was  made  plain  by  Franklin,  and  the  effect  of  the  passage  of 
the  current  very  prettily  shown  in  the  melting  of  the  rod  and  the  point 
(aigrette). 

Here  indeed  was  a  clew  to  the  measurement  of  the  energy  of  the  lightning 
flash.  W.  Kohlrausch  in  1890  estimated  that  a  normal  lightning  discharge 
would  melt  a  copper  conductor  6  mm  square,  with  a  mean  resistance  of  0.01 
ohm  in  from  .03  to  .001  second.  Koppe  in  1896  from  measurements  of  two 
nails  4  mm  In  diameter  fused  by  ligntning,  determined  the  current  to  be 
about  200  amperes  and  the  voltage  about  20.000  volts.  The  energy  of  the 
flash,  if  the  time  be  considered  as  0.1  seoona,  would  be  about  70,000  horse 
power,  or  about  62,240  kilowatts. 

Statistios  show  plainly  that  buildings  with  conductors  when  struck  by 
lightning  suffer  comparatively  little  damage  compared  with  those  not  pro- 
Tided  with  conductors.  The  same  rod,  however,  cannot  be  expected  to 
serve  equally  well  for  every  flash  of  lightning.  There  i»  great  need  of  a 
elassiflcation  of  discharges  based  less  upon  the  appearance  of  the  flash  than 
upoa  Its  eleotrioal  energy.    Dr.  Oliver  J.  Lodge  nias  made  a  beginning  with 
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his  study  of  steady  strain  and  impulsive  rush  dlschaives.  **  Hie  eoergy 
of  an  ordinary  flasa."  askjn  Lodge, "  can  bo  aooounted  for  by  the  diaoharge 
of  a  Terr  Bmall  portion  of  a  charged  clond  for  an  area  of  ten  varda  square 
at  the  height  of  a  mile  would  give  a  diBchiirge  of  over  2,000  foot-fa»a 
energy." 

We  must  get  clearly  in  our  minds  then  the  idea  that  the  cloud,  the  air, 
and  the  earth  constitute  together  a  large  air  condenser,  and  that  Trhen  the 
strain  in  the  dielectric  exceeds  a  tension  of  ^  gramme  weight  per  square 
centimeter,  there  will  be  a  discharge  probably  of  an  oscillatory  charmcter. 
And  as  the  electric  strain  Taries,  the  character  of  the  discharge  will  rary. 
Bemember  too  that  the  air  is  constantly  yarying  in  density,  humicUty  and 
purity.  We  should  therefore  expect  to  find,  and  in  fact  do,  every  trpe  of 
oischarge  from  the  feeble  bnish  to  the  sudden  and  terrific  break.  Recent 
experiments  indicate  that  after  the  breaking-down  of  the  air  and  the  ps»- 
sage  of  the  first  spark  or  flash,  subsequent  dischanes  are  more  easily  ac- 
complished ;  and  this  is  why  a  yery  oriUiant  flash  of  lightning  is  often 
followed  almost  immediately  by  a  number  of  similar  flashes  of  diminishing 
brightness.  The  heated  or  incandescent  air  we  call  lightnii^(,  and  the  lines 
of  fracture  of  the  dielectric  can  be  photographed ;  but  the  electrical  wayes  or 
oscillations  in  the  ether  are  extremely  rapid,  and  are  beyond  the  limits  of 
the  most  rapid  shutter  and  most  rapid  plate.  Dr.  liOdge  has  calculated  the 
rapidity  of  these  oscillations  to  be  several  hundred  thousand  per  aeoond. 
Lodge  has  also  demonstrated  experimentally  that  the  seeondary  or  induced 
electrical  surginsn  in  any  metallic  train  cannot  be  disregarded ;  and,  as  in 
the  case  of  the  Hotel  de  Ville  at  Brussels  which  was  most  elaborately 

Erotected  by  a  network,  these  surglngs  may  spark  at  points,  and  ignfts 
iflammable  material  close  by. 

While  thwefore  it  cannot  be  said  that  any  known  system  of  rods,  wires, 
or  points  affords  complete  and  absolute  protection,  it  can  be  said  with  con- 
fidence that  we  now  understand  why  "  splttinff-off  '*  and  "  side  "  discliaTges 
occur ;  and  furthermore,  to  quote  the  words  or  Lord  Kelvin,  that  **  there  Is 
a  very  comfortable  degree  of  security  .  .  .  when  lightning  conductors  ars 
made  according  to  the  present  and  orthodox  rules." 

S«lectlOB  »ad  iBstaallAtiOB  ^f  Rods.  ~  The  old  belief  that  a 
copper  rod  an  inch  in  diameter  could  carry  safely  any  flash  of  lightning  is 
perhaps  true,  but  we  now  know  that  the  core  of  such  a  rod  would  have  little 
to  do  in  carrying  such  a  current  as  a  lightning  flash,  or,  for  that  matter,  any 
high  frequency  currents.  Therefore,  since  it  is  a  matter  of  surface  area 
rather  than  of  cubic  contents,  and  a  problem  of  inductance  rather  than  of 
simple  conductivity,  tape  or  cable  made  of  twisted  small  wires  can  be  used 
to  advantage  and  at  a  aiminished  expense. 

All  bams  and  exposed  buildings  should  have  lightnina  rods  vith  the  neces- 
sary points  and  earth  eonneetions.  Ordinary  dwelling-nouses  in  city  blo<^ 
wen  built  up  have  less  need  for  lightning  conductors.  Scattered  or  Isolated 
houses  in  the  country,  and  especially  if  on  hillsides,  should  have  rods.  AU. 
protective  trains,  including  terminals,  rods,  and  earth  connections,  should 
be  tested  occasionally  by  an  experienced  electrician,  and  the  total  resist- 
ance of  every  hundred  feet  of  conductor  should  not  greatly  exceed  one  ohm. 
Use  a  good  iron  or  copper  conductor.  If  copper,  the  conductor  should 
weigh  about  six  ounces  per  linear  foot ;  if  iron,  tne  weight  should  be  about 
two  pounds  per  foot.  A  sheet  of  copper,  a  sheet  of  iron,  or  a  tin  roof,  if 
without  breaks,  and  fully  connected  by  well  soldered  joints,  can  be  utUlssd 
to  advantage. 
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In  a  reoently  published*  Bet  of  Rolee  for  the  Proteetlon  of  Bnildingti  fifom 
Ughtninff,  iMuedby  the  Eleotro-Technical  Society  of  BeMin,  Dr.  SUby  giTee 
the  resuita  of  the  work  of  Tariouii  committees  for  the  i»ast  sixteen  years 
studying  this  Question.  The  lightnlns  conductor  is  diridM  into  three  parts, 
—  the  terminal  points  or  collectors,  we  rod  or  conductor  proper  attached  to 
the  building,  and  the  earth  plates  or  ground.  All  projectixig  metallic  sur- 
faces should  be  connected  with  the  conductors,  which,  if  made  of  iron, 
should  have  a  cross  section  of  not  less  than  60  mm  square  (1.9  sq.  Inches) : 
copper,  about  half  of  these  dimensions,  zinc  about  one  and  a  half,  and 
lead  about  three  times  tiiese  dimensions.  All  fastenings  must  be  secure  and 
lasting.  The  bestground  which  can  be  had  is  none  too  ffood  for  the  Ught- 
ninff  conductor.  ix>r  many  flashes  an  ordinary  ffround  win  suffice,  but  there 
willcome  occasional  flashes  when  even  the  small  resistance  of  ^/ohm  may 
count.  Bury  the  eartii  plates  in  damp  earth  or  running  water.  The  plates 
should  be  of  metal  at  least  three  feet  square. 

"  If  the  conductor  at  any  part  of  the  course  goes  near  water  or  gas  mains, 
it  is  best  to  connect  it  to  them.  Wherever  one  metal  ramification  ap- 
proaches another,  connect  them  metallicsdly.  The  neighborhood  of  small 
Dore  fusible  gas  pipes,  and  indoor  gas  pipes  in  general,  snould  be  avoided.'* 

>-DB.  LODOK. 


na  4    CONDUCTORS  AND  FA8TENIN08*. 
(PROM  ANDERSON,  AND  UOMTNlNQ  ROD  CONFERCNCfe.) 


The  top  of  the  rod  and  ali  projecting  terminal  points  should  be  plated,  or 
otherwise  protected  from  corrcMuon  and  rust. 

Independent  grounds  are  preferable  to  water  and  gas  mains.  Clusters  of 
points  or  groups  of  two  or  three  along  the  ridge  rod  are  good*  Chain  or 
linked  conductors  should  not  be  used. 

It  is  not  true  that  the  area  protected  by  any  one  rod  has  a  radius  equal 
to  twice  the  height  of  the  conductor.  Buildings  are  sometimes,  for  reasons 
which  we  understand,  damaged  within  this  area.  All  connections  should 
be  of  clean  well-scraped  surfaces  properly  soldered.  A  few  wrappings  of 
wire  around  a  dirty  water  or  gas  pipe  does  not  make  a  good  ground.  It  is 
not  necessary  to  insulate  the  conductor  from  the  buildmg. 

H.  W.  SpanfT  gives  the  following  estimate  of  increase  of  property  destnc- 
tion  by  ligntnmg  from  the  "  Chronicle  Fire  Tables." 

Property  loss. 

S  8,879.745 
11.316,414 
21.767,185 


During  five  years 

No.  of  fires 

ending 

1802 

2.505 

1897 

5.637 

1902 

15,765 

*  Bleetrotechnische  ZeUtchrift^  1901,  May  29. 
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Much  of  this  increase  in  property  loss  is  said  to  be  due  to  the  great  ton 
In  the  use  of  wire  fences  in  the  suburban  districts,  also  to  the  vastly  in* 
creased  use  of  metal  work  inside  of  houses,  such  as  metal  lath,  steam  and 
water  pipes,  and  all  metal  trimming  now  used  so  much  in  exterior  trim- 
mings, electric  wires  and  their  containing  tubes  also  attract  lightning:  in 
fact,  all  the  metal  work  now  used  in  modem  building  construction 


to  attract  Ughtning  and  convey  it  to  the  ground  or  store  it  up  as  in  a  con- 
denser, which,  upon  being  released,  is  liame  to  cause  a  spark  and  thus  set 
fire  to  adpaoent  mflamnuible  material. 

It  is  said  that  grounded  arresters  as  now  employed  in  power  startioDfl  in 
oonnection  with  outdoor  overhead  electrical  conductors  also  invite  li^t- 
ning  dischaiges,  which,  if  they  take  place  in  the  interior  of  buildingiu  are 
Habie  to  cause  nre  loss;  and  therefore,  it  is  inadvisable  to  locate  such  Ugfat- 
ning  arresters  adjacent  to  wood-work  or  other  inflammable  materiaL  Lmrgf 
electric  signs  on  the  roofs  of  buildings  also  serve  to  attract  lightning,  and 
being  connected  with  the  interior  electrical  wires,  sometimes  jeopardise  the 
safety  of  the  buildings.  Electrical  wires  in  the  upper  stories  of  our  tall 
buildings  are  said  to-  become  highly  electrified  during  a  thunder  storm,  and 
lightning  from  these  \a  liable  to  impair  any  underground  electrical  con- 
ductor connected  therewith. 

Overhead  network  wires  Buoh  as  those  used  for  electric  U^ht,  telephone, 
telegraph  and  fire  alarm,  also  attract  lightning,  and  the  diaehariges  upon 
these  wires  seem  to  increase  in  proportion  to  the  niunber  of  grounded 
lightning  arresters  connected  therewith  —  so  much  so,  that  it  is  now  com- 
mon to  dispmse  with  the  lightning  arresters  in  fire  aJacm  boxes.  Where 
lead  sheathings  of  underground  circuits  or  conductors  of  all  kinds  are 
metallically  connected  with  the  track  rails  and  return  circuit  of  street  rail- 
ways, lightning  is  also  liable  to  be  attracted,  and  dischaiiges  from  it  in  some 
cases  cause  considerable  damage.  It  is  also  said  that  the  grounding  of 
secondary  transformer  distributing  systems  at  their  neutral  pomts  has  also 
resulted  m  lightning  discluu^es  to  the  impairment  of  lighting  transformers. 

Bir.  Spang  sugEcsts  that  rather  than  connect  overhead  circuits  directly 
with  grounded  liintning  arresters  or  to  connect  return  circuits  of  railways 
with  other  metallic  networks  that  are  grounded,  there  should  be  employed 
an  overhead  parallel  wire,  which  shidl  be  tboroi^hly  connected  to  earth 
at  intervals^  and  which  should  preferably  be  located  at  the  side  of  any  over- 
head electrical  circuit  and  parallel  thoeto;  but  esi^rienoed  engineers  who 
have  made  a  thorough  study  of  protection  from  lightning,  show  that  this 
parallel  conductor  does  not  materially  benefit  the  conditions. 

From  the  Underwriters'  standpoint,  therefore,  the  following  rules  are 
suggested  as  necessary  for  protection  of  buildings  from  lightning: 

17  The  employment  of  suitable  metallic  conductors  about  the  ridgei. 
ehimneys  or  other  ordinary  elevations  above  the  roof.  In  oonnection  whh 
all  metal  work  about  the  roof  and  also  with  all  exterior  and  interior  metal 
work,  pipes,  etc.,  all  metallicidly  connected  together  so  as  to  provide  numer- 
ous vertical  metallic  paths  from  the  roof  to  the  cellar  and  thereby  consti- 
tute with  the  underground  water,  gas  and  other  metal  pipes,  a  diffuaivs 
system  of  metallic  conductors  about  the  roof  and  building  and  over  the  earth. 

2.  The  shunting  of  the  gas  meters  by  suitable  wires  or  other  metal 
oonductors. 

3.  The  empfeyment  of  two  vertical  iron  or  copper  conductors  along 
opposite  sides  of  a  church  spire  or  a  high  chimney  between  a  metal  crom, 
weathw  vane  or  other  suitable  air  terminal  conductor  upon  the  top  thereof 
and  the  metallic  conductors  upon  the  roof,  which  are  metallically  oon- 
nected  with  the  underi^und  water,  gas  and  other  metal  pipes  or  other 
suitable  ground  connection.  ... 

4.  A  system  of  wires  or  conductors  with  suitable  air  terminals  above  the 
roof  of  a  bam,  ice-house  or  storage  warehouse  and  connected  by  at  least 
four  vertical  conductors  with  ground  connections  distributed  over  a  suitable 

y        ansa  of  adjacent  earth,  so  that  the  atmospheric  electnatywil]  be  diffused 
^         over  a  greater  and  better  conducting  area  than  that  offered  by  the  com- 
pactly stored  hay,  ice,  etc.  ,   ,  .        , 

6.  The  placing  of  lightning  arresters  or  other  grounded  piot«etion  da- 
viijcs  employed  with  electrical  circuits  about  buildtngs  m  iron  or  noa-eom- 
bqstible  boxes,  attached  to  brick,  stone  or  other  non-combustibia  noafterial 
or  buildings  and  preferably  upon  the  outside  thereof. 
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The  bnllden  of  ohimneyg  have  made  an  ezhaastlTe  study  of  lightning 
action  and  hare  developea  a  number  of  standard  flttings  for  nghtnlng  rods. 
One  form  of  lightning-rod  point  is  shown  in  Fig.  6. 


Fia.  6.    DetaU  of  Lightning-rod  Point. 

Usuallv  four  of  these  points  are  installed  at  the  ohimney  top,  oonneoted 
together  oy  a  band,  and  haying  two  or  more  conductors  to  the  earth. 

The  United  States  Government  has  investigated  thoroughly  the  require- 
ments for  ohimneyproteotion  as  summarised  in  the  following  paragraphs: 

1.  Gbiaiaej'  Protectloa  for  Power  Plisato.  —  Ligntning  con- 
ductors shall  be  laid  up  in  the  form  of  a  seven-strand  cable  ana  each  strand 
laid  up  with  seven  copper  wires  of  No.  10  B.  and  S.  gauge.  For  chimneys  of 
60  feet  and  lees  in  height  two  lightning  conductors  shall  be  used.  For 
chimneys  over  60  feet  up  to  and  including  100  feet,  three  conductors  shall  bq 
installed.  For  chimneys  higher  than  100  feet,  four  conductors  shall  be 
installed.  All  heights  to  be  considered  from  ground  level.  All  conductors 
or  cables  shall  be  symmetrically  arranged  about  the  chimney  with  one 
cable  on  the  prevailing  weather  side  of  the  chimney.  Said  lightning  con- 
ductors or  cables  to  be  securely  attached  both  mechanically  and  electncally 
to  independent  pure  copper  earth  plates  or  bars.  In  cases  where  the  chim- 
ney foundations  have  already  been  filled  in,  instead  of  earth  plates,  earth 
terminals  may  be  used,  composed  of  pure  copper  bars  8  by  ^  inches  by  3  feet. 
In  all  eases  the  lightning  conductor  terminals  shall  extend  to  the  ground 
water  level,  and  in  no  case  shall  they  extend  to  less  than  16  feet  from  the 
ground  surface.  Earth  plates  shall  consist  of  pure  copper  3  by  3  feet  by  ^ 
uichu 

2.  jippllcaMoB  of  Goadactors  to  CMaiaoy.  —  Each  lightning 
conductor  shall  be  secured  to  the  exterior  of  the  chimney  by  means  of 
bronxe  or  brass  anchors,  without  the  intervention  of  any  insulators  or  insu* 
lating  material  whatever.  The  brackets  for  attaching  nng  or  conductors  to 
chimneys  to  be  of  high  grade  bronze  or  brass,  composition  of  same  to  be 
submitted  for  approval,  and  to  be  fitted  with  approved  clamps  for  securely 
gripping  said  conductors  and  making  a  good  electrical  connection  there- 
witn.  The  tongues  or  shanks  of  the  anchors  or  brackets  shall  enter  the 
masonry  of  the  chimney  a  distance  of  at  least  6  inches,  and  shall  be  at 
least  i  mch  in  thickness  by  1  inch  wide,  terminating  in  a  suitable  head  or 
angle  to  prevent  the  anchor  from  being  pulled  out  of  the  masonry. 
Anchors  to  be  attached  to  conductors  at  Intervals  of  not  over  10  feet,  and 
**  sweated  "  to  the  conductors  with  solder  at  intervals  of  60  feet.  Conductors 
to  terminate  within  6  feet  of  the  top  of  the  chimnev,  and  to  be  connected 
through  the  agency  of  a  suitable  brass  or  bronze  fitting  and  be  soldered  to  a 
H  ^7t  ^^ch  ring  of  copper  attached  to  the  periphery  of  the  chimney  bv 
brackets  spaced  not  over  2  feet  apart.  Saia  brackets  to  enter  the  brick 
work  a  distance  of  at  least  6  inches  and  to  be  of  approved  design  with  a 
tongue  at  least  1^  Sochee  in  width  and  \  Inch  in  thickness,  with  a  suitable 
angle  or  head  to  prevent  pulling  out.  All  Joints  in  the  continuity  of  said 
copper  ring,  as  well  as  between  the  continuity  of  the  ring  and  conductor  or 
conductors  running  down  to  the  ground  bars  or  plates  and  including  the 
latter,  to  be  seraph  bright  and  after  making  a  secure  mechanical  joint  to 
be  *'  sweats  with  solder."  Said  solder  Bhan  consist  of  one-half  lead  and 
one-half  tin.  All  Joints  when  finished  shall  be  thoroughly  washed  off  with 
W»t«r  to  remove  every  trao«  of  soldering  salts,  acids,  or  other  componndi 
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used.  AH  Joints  Beoored  by  bolta  or  screws  to  be  lock-nntted.  In  »pp1  vlnff 
conduotors  where  the  ohironey  is  already  oonstmoted,  holes  shall  be  anUed 
in  the  brick  and  said  anchor  brackets  and  anchors  grouted  in,  the  beat 
Portland  cement  being  used. 

3.  TerailMMl  Rods  for  iJcliteiBV  Coadvctora. —  Copper  ring 
shall  be  connected  through  the  agency  of  damps,  insuring  a  gooa  mechjui- 
ical  and  electrical  Joint,  with  yertically  arranged  copper  tods  at  least  |  inch 
in  diameter  and  10  feet  in  length.  The  Joints  to  be  "  sweated  with  solder  ** 
as  before  described.  Copper  rods  to  be  placed  equidistant  around  this  ring, 
and  supported  in  a  rigid  position  Yertically  through  the  agency  of  additional 
anchors  set  in  the  masonry  and  a  copper  spider  resting  on  chimney  top  as 
shown  in  the  drawincn.  Kods  to  be  arranged  with  a  uniform  spacing  of 
practically  4  feet,  lliis  is  taken  to  mean,  for  example,  that  ten  sueb 
yertioal  rods  shaJl  be  provided  for  a  chimney  of  12  feet  outnde  diameter  of 
masonry  at  top. 

4.  Dlacharco  PolMta.  —  Each  rod  shall  terminate  in  a  two-point  braaa 
aigrette,  each  spur  or  point  of  this  aigrette  to  be  at  least  3}  inches  long, 
the  bases  of  which  spurs  shall  be  at  least  |  inch  in  diameter,  topering  to  a 
sharp  and  well  finished  point ;  said  aigrette  to  be  proyided  with  i^yproTed 
means  to  secure  a  strong  mechanical  and  eleeteioal  Joint  with  the  Tertieal 
rods  heretofore  described  and  to  which  it  is  attached.  The  Joints  shall  be 
"sweated  with  solder  "  as  heretofore  described. 

6.  GkiasaoT  Itaao  Pvotectfoa« — All  lightning  conductors  shall  be 
enclosed  at  bottom  with  a  heavy  galTanised-lxon  pipe  of  1^  Inch  diameter, 
and  extending  8  feet  into  the  soifand  10  feet  above.  Said  iron  pipe  to  be 
provided  with  approved  brackets  to  securely  hold  it  to  the  ehimney; 
oraoketi  to  be  not  over  8  feet  apart. 

TBftTS  OV  i:.I«HK]ffI]r«  RODS. 

AH  lightning  rods  should  be  tested  for  continuity  and  for  resistanoe  of 
ground  plate  each  year,  and  the  total  resistance  of  the  whole  conductor  and 
ground  plate  should  never  exceed  an  ohm. 

TESTS  OF  LIGHTNING  RODS. 


THIS  LEAD  MUST  1 

socoraco  to  thc 

on  OTHER  CAflTH  SO  AS 

TQ  HAVE  HO  RBMBTAIICC 

ATTHMMWT. 


Tig.  6.    Diagram  of  Connections  for  Test  of  fitghtning  Boda. 
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Tbe  oontlnnity  and  rosUtanoe  of  the  lightning  rods  above  ground  can  be 
measured  vlth  a  Wheatatone  bridge.  The  reaiatauoe  of  the  ground  plate 
to  earth  can  be  determined  from  three  reeietanoe  measurements :  ironi 
ground  plate  to  each  of  two  other  grounds  and  from  one  to  the  other  of 
these  arWtrarily  chosen  grounds,  as  folio wi :  .  ^    .     ^     .      ,       ^      ,i 

To  make  the  test,  first  determine  the  resistance  of  the  lead  wire  h  and  call 
it  L .  Then  connect  Et  and  £3  as  shown  in  the  diagram,  call  the  result  Bi ; 
then  oonueot  JP»  and  £»,  call  the  result  ijg ;  connect  £»  and  Et  and  caU  the 
result  Ri. 

Now,  /?,-/,+  J?t  +  ^a       and       ^  -  5»  ~  f»  "  f» 
It^^L+Ei+E,       and       E^'-Itg-h'-Jh 

AfEt+St 

sowing,  we  have 

Rt  +  Ih-^      , 
El 2 h- 

The  resistance  ol  the  ground  plate  to  earth  isEioa  oalculated  from  the 
above  formula. 

iMiftScnovA  von  PSHAOif  ai:.  aavsxy  MJiturcf 

Do  not  stand  under  trees  or  near  wire  fences ;  neither  in  the  doorways  of 
bams,  dose  to  cattle,  near  chimneys  or  fireplaces.  Lightning  does  not,  as 
a  rule,  kill.  If  a  person  has  been  struck  do  not  give  him  up  as  beyond 
recorery,  even  if  seemingly  dead.  Stimulate  respiration  and  circulation  as 
beet  you  can.  Keep  the  body  warm ;  rub  the  limbs  energetically,  give 
water,  wine,  or  warm  coffee.    Bend  for  a  physioiaa. 

VHS  SCOVOHY  OS*  MBOMJLTmW^  lULKCXASC  PUUiTA. 

(By  Isaac  D.  Parsons.) 

The  following  investigation  was  undertaken  bv  the  writer  and 
Hr.  Arnold  von  Schrenk  in  an  attempt  to  ascertain  which  of  the  two  meth- 
ods is  the  more  economical  in  six  Hnsnnn  of  buildin|CB  in  New  York,  and  to 
determine  as  nearly  as  possible  those  conditions^  eitho'  inherent  in  a  class 
of  buildings  or  due  to  peculiarities  of  installation  or  management  which 
materially  influence  the  economy.  The  mx  nlftimm  referred  to  are:  — 
Office  buildings,  loft  buildings,  department  stores,  apartment  bouses, 
hotels,  and  dubs,  and  over  two  hundred  and  fifty  buildings  were  visitea 
in  the  effort  to  obtain  reliable  figures  and  to  asccsttain  the  various  condi- 
tions of  operation.  Of  this  number  seventeen  only  were  found  where  in- 
formation could  be  obtained  which  was  reliable  in  every  particular,  and 
only  these  will  be  considered  in  detail,  as  the  great  variation  in  conditions 
even  among  similar  buildings  of  the  same  class  renders  incomplete  statis- 
tics of  very  doubtful  value. 

The  figures  as  to  electrical  output  of  each  of  these  plants  were  obtained 
from  wattmeter  readings  or  from  hourly  ammeter  readincpB,  and  were  veri- 
fied by  personal  observation  of  the  instruments  from  which  they  were 
obtained,  and  were  also  checked  by  comparison  with  other  buildings  where 
similar  conditions  exist.  In  some  cases,  tests  were  made  of  the  instru- 
ments to  determine  their  accuracy.  The  figures  recorded  as  the  output 
of  a  plant  are  in  every  case  the  total  number  of  kilowatt  hours  supplied 
at  the  switchboard  and  used  as  light  or  power,  and  where  a  storage  battery 
was  installed  its  output  only  was  oonsiaered.  The  expenses  of  the  plants 
were  divided  into  those  of  labor,  gas,  central-station  auxiliary  or  break- 
down service,  coal,  water,  ash  cartage,  oil  and  waste,  repairs  incandescent 
lamps  and  arc-lamp  carbons,  interest,  depreciation,  and  sundry  supplies 
not  included  in  the  foregoing.  Figures  concerning  these  items  were  ob- 
tained in  most  cases  directly  from  the  books  of  the  chief  engineer  or  owner, 
and  may  be  considered  withm  very  small  limits  absolutely  accurate.  Under 
the  item  labor  are  included  the  wages  of  all  the  engineers,  firemen,  oilers 
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and  ooal  pumoh  employed  in  the  plant,  exoi^ting  in  a  few  eases  wbeie 
extra  employees  wwe  required  by  a  laiige  refrigerating  machine  or  similar 
apparatus.  In  these  cases  the  wages  of  the  extra  men  were  deducted 
m>m  the  total.  If  it  were  determined  what  employees  could  be  diapensed 
with  were  the  plant  not  installed,  and  the  wages  of  these  mem  only  wen 
taken,  it  would  give  the  true  cost  of  labor  chargeable  agiunst  the  plant. 
To  decide  this,  however,  was  in  most  instances  a  rather  unoertaiA  and 
difficult  problem,  and  it  was  thought  fairer  to  include  in  the  expenaee  the 
wages  of  all  the  employees,  which,  with  the  other  items,  give  the  total  cost 
of  running  the  building  with  a  plant.  Then,  bv  adding  to  the  expenses  of 
the  centralHstation  service  the  cost  of  the  labor  necessary  for  heating, 
elevator  supervision,  etc.,  the  total  cost  of  running  under  the  oonditkws 
of  central-station  supply  can  be  found.  The  difiference  between  the  two 
results  is  the  true  amount  gained  or  lost  by  the  installation  of  the  plant. 

The  item  coal  includes  that  which  is  burned  to  generate  the  steam  ised 
for  the  engines  driving  the  generators,  for  the  feed  pumps,  and  in  most 
cases  that  used  for  the  house  pump  and  whatever  live  steam  is  used  in 
heating  the  building.  In  many  biuldings,  refrigerating  machines,  steam 
laundries,  steam  cooking  apparatus,  or  pumps,  received  steam  from  the 
same  boilers  as  the  engmes  driving  the  dynamos;  but  in  such  instanees 
figures  from  recent  testa  were  available  by  which  the  amount  of  ooal  used 
for  these  purposes  could  be  determined. 

With  the  central-station  supply  either  a  boiler  or  a  connection  with  the 
street  nuuns  is  required  to  obtain  the  steam  necessary  for  heating  ths 
building,  as  well  as  for  the  hot-water  supply  and  for  running  thehouss 
pump,  unless  it  is  operated  electrically.  To  determine  what  extra  saxr. 
must  be  added  to  the  actual  cost  of  current  in  order  to  find  the  total  ex« 
pense  of  running  the  building  from  the  central  station,  figm-es  w«e  ob- 
tained from  two  larg[e  loft  bmldinsn,  an  office  building,  and^aix  apartmsnC 
houses  and  hotels  using  steam  for  neating  and  for  house  pumps  only,  bom 
which  the  cost  of  coal,  labor,  and  water  required  for  these  purposes  could 
be  calc\ilated.  The  expenses  for  coal  were  reduced  to  dollars  per  1,000 
cubic  feet  heated,  and  showed  practically  constant  Victors,  irrespective 
of  the  shape  or  sise  of  the  building,  of  $1.10  per  1,000  cubic  feet  for  apart- 
ment houses,  00  cents  per  1,000  cubic  feet  for  office  buildings,  and  40  cent: 
per  1,000  cubic  feet  for  loft  buildings.  The  cost  of  labor,  which  inc.  .*e 
the  wages  of  the  firemen  and  the  expense  of  elevator  supervision,  ha  t  - 
be  determined  in  each  particular  case,  but  usually  amounts  to  a  sum  abtvt 
equal  to  the  cost  of  coal. 

Interest  was  calculated  in  all  cases  at  5  per  cent  on  the  prineipal  in- 
vested in  the  plant.  Depreciation  on  dynamos,  engines,  and  switchboards 
of  5  per  cent,  and  on  boilers,  pumps,  and  steam  pming  of  8  per  cent,  wsc 
considered  liberal;  and  since,  as  a  rule,  the  cost  of  the  dynamos,  engine:, 
and  switchboards  approximates  two-thirds  of  the  total  cost  of  iwtaHat«iT", 
and  that  of  the  boilers,  pumps,  and  steam  piping  one-third,  a  unilorm 
rate  of  10/3 -h  8/3,  or  6,  per  cent  was  chwged  against  the  whole  plant.  If 
6  per  cent  of  the  original  capital  invested  in  the  eiigines  is  set  aside  eae^ 
year  as  a  sinking  fund,  this  sum  will  accumulate  interest  at  5  per  cent, 
and  at  the  end  of  fourteen  and  one  half  years  the  total  of  the  amounts 
reserved,  with  compound  interest,  will  equal  the  original  cost  of  the  engines: 
so  that  5  per  cent  depreciation  assumes  a  life  of  but  fourteen  and  one-han 
years.  Similarly  8  per  cent  depreciation  on  boilers  assumes  a  life  of  ten 
years.  As  a  matter  of  fact,  both  of  these  periods  are  much  exceeded  in  first 
class  modem  installations.  On  storage  batteries  where  dmreoiation  u 
a  somewhat  doubtful  quantity,  it  was  taken  as  10  per  cent,  wmdi  assumes 
a  life  of  but  seven  years.  The  load  factor  in  every  ease  was  calculated  for 
the  hours  the  plant  was  in  actual  operation. 

As  regards  load  and  other  conditions  of  operation,  all  the  buildings  can 
be  divided  into  two  classes  —  those  used  for  business  purposes,  8U<^  as 
office  and  loft  buildings  and  stores,  and  those  which  are  used  for  reesdential 
purposes  —  such  as  hotels,  apartment  houses,  and  eluba.  In  the  former 
class  a  small  uniform  lighting  load  during  most  of  the  day  is  succeeded  at 
about  3  P.M.  by  a  heavy  load  lasting  but  a  few  hours,  which  afto*  7  rM. 
again  becomes  very  small.  In  the  latter  class  the  heavy  load,  instead  of 
falling  off  in  the  ev«iing,  continues  to  1  or  2  a.m.,  giving  a  more  unifonn 
load  and  a  highm  load  factor.    We  will  consider  the  buaiiieaB  bnildinga  fint. 
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FOUNDATIONS   AND   STRUCTURAL 

MATERIALS. 

Rbyibkd  bt  W.  W.  Christob. 
POITBR  0XATIOV  OOVATRUCTIOir. 

Chart. 

Bt  E.  p.  Robbrts  ft  Go. 


''Boilers  1 


Sta- 
tion 


Steam 
Plant 


Link 


Bn- 
gines 


fFoimdation 
(^  Setting 
[.Stack  r  Source 

J  Pomps  and  Injectors,  valves 
ri     and  gauges 
'"Water.  .  <  (Heaters 

I.  f  Sediment  ( Blow  off 
( Mod  drum 
C  Steam  pipe  and 
J     valve  to  heater 
I  Entrained  water, 
.Steam       l.    separator 
r  Placing  in  building 
Fuel  .  .  J  Placing  in  boiler 

Removal  of  coke  and  ashes 
^Removal  of  soot 
Air  .  .  .  .^Supply  to  surface 
Piping  and  valves 
GovenngB 
Drains  and  drips 
Supports 
Foundation 
Steam  to  cylinder 
Oil  to  cylinder 
Steam  from  cylinder 
Water  from  cylinder 
Oil  to  engine 
Oil  from  engine 
Engine  indicator 
^  r  Steam  to  condenser 
<  Water  to  condenser 
(^ Water  from  condenser 


Eleo- 
trloal 
plant 


Connecting  links 


Dynamos 


( Foundations 
I  Lubricatloii 


Wire 


^Switchboard 


Build- 
.    ing 


r  Weatherproof 
I  Fireproof 
-{Ventilated 


fBelts 
^  Shafts 
(.Pulleys 
''Foundation 

Lubrication 

Insulation 

Governing  devices 

Measuring  devices 

Safety  devices 
^Dynamofi  to  switchboard 

Switchboards  to  line 

Track  to  dynamo 
^Distribution  devices 

Dynamo  governing  devices 

Dynamo  measuring  devices 

Feeder  to  measuring  devices 

Safety  devices 

Cut-out  and  lightning  arrester 


Light  n 

V^ProviBlons  for  cranes  or  other  strains  foreign  to  its  fuiM 


tions  as  a  shelter. 
128^ 


1290  FOUKDAttOKS   AK1>  StttUCtl^ftAL   MATEBUXS. 


The  term  fowidtUion  deeignatee  the  portion  of  a  structure  used-  as  a 
on  which  to  erect  the  superstructure,  and  must  be  so  solid  that  no 
ment  of  the  superstructure  can  takeplaoe  after  its  erection. 

As  ail  foundations  or  structures  of  coarse  masonry,  whether  of  briisk  or 
stone,  will  settle  to  some  extent,  and  as  nearly  all  soils  are  compreasibls 
under  hea^y  weight,  care  must  be  taken  that  the  settlement  be  even  all 
oyer  the  structure  in  order  to  avoid  cracks  or  other  flaws.  Althoui^  it  is 
quite  general  to  make  the  excavation  for  all  the  sub-foundation  witbooi 
predetermining  in  more  than  a  general  way  the  nature  of  the  sabaoli,  and 
then  adaptins  the  base  of  the  foundation  to  the  nature  of  soil  found :  y«t  in 
large  unaertakings,  where  there  may  be  question  as  to  the  bearing,  Dcurlngp 
are  made  and  samples  brought  up  in  order  to  determine  the  different  strmca 
and  distance  of  rock  below  the  surface.  Where  f oimdations  are  not  to  b« 
deep,  or  the  soil  is  of  good  quality,  a  trench  or  pit  is  often  sunk  alonnide 
the  location  of  the  proposed  foundation,  and  the  quality  of  the  soil  deter- 
mined  in  that  way. 


The  surface  of  rook  should  be  cleaned  and  dressed,  all  decayed  portloBi 
removed,  crevices  filled  with  grouting  or  ccneretet  and  where  the  anxfaee 
is  inclined,  it  should  be  cut  into  a  series  of  level  steps  before  oomnienchof 
the  structure.  In  such  cases  of  irregular  levels,  all  mortar  Joints  must  be 
kept  as  close  as  possible,  in  order  to  prevent  unequal  settlement.  A  still 
better  way  is  to  bring  all  sQch  uneven  surfaces  to  a  common  level  with  a 
good  thick  bed  of  concrete,  which,  if  properly  made,  will  become  aa  incom- 
pressible as  stone  or  brick. 

The  load  on  rock  foundation  should  never  exceed  one-eighth  its  cmahing^ 
load.  Baker  says  **  the  safe  bearing  power  of  rock  is  certunly  not  less  than 
one-tenth  of  the  ultimate  crushing  strength  of  cubes.  That  is  to  say,  the 
safe  bearing  power  of  solid  rock  Ik  not  lett  than  18  tons  per  square  foot  for 
the  softest  rock,  and  180  for  the  strongest.  It  is  safe  to  say  that  almost  any 
rock,  from  the  hardness  of  granite  to  that  of  a  soft  orumDllng  stone  easily 
worn  by  exposure  to  the  weather  or  to  running  water,  when  well  bedded 
will  hwr  the  heaviest  load  that  can  be  brought  upon  it  by  any  masonry 
construction."  Banklne  gives  the  average  of  onunary  cases  as  90,0N 
pounds  per  square  foot  on  rock  foundations.  Later  in  this  chapter  CP*ge 
1322)  will  be  found  a  table  that  gives  the  crushing  load  in  pounds  per  square 
inch  for  most  of  the  substances  used  in  foundations  and  building-walls. 

VoandAtlmss  on  BmmA  or  C^rardL 

Strong  gravel  makes  one  of  the  best  bottoms  to  build  on;  it  is  easily  leveledt 
is  almost  incompressible,  and  is  not  affected  by  exposure  to  the  atmospbere. 

Sand  confined  po  that  it  cannot  escape  forms  an  excellent  foundation,  and 
is  nearly  Incompressible.  It  has  no  cohesion,  and  great  care  must  be  used 
in  preparing  it  for  a  foundation.  Surface  water  must  be  kept  from  running 
Into  earth  foundation  beds,  and  the  beds  themselves  must  be  well-dridned 
and  below  frost-line.  Baker  says  that  a  rather  thick  bed  of  sand  or  gravel, 
well  protected  from  running  water,  will  safely  bear  a  load  of  8  to  10  tons  per 
square  foot.  Of  course  the  area  of  the  surface  must  be  proportioned  to  the 
weight  of  the  superstructure,  and  to  the  bearing  resistance  of  the  material, 
«id  for  this  reason  It  is  common  practice  to  spread  the  subfonndatian  to 
give  it  the  projoer  area.  Rankine  gives  2,600  to  8,600  lbs.  per  square  foot  af 
the  greatest  allowable  pressure  on  firm  earths. 

Vomdatioit  o«  Olarj. 

A  good  stiff  clay  makes  a  very  good  foundation  bed,  and  will  support 

Seat  weight  if  care  is  taken  In  its  preparation.  Water  must  be  kept  away 
om  It,  and  the  foundation  level  must  be  below  the  frost-line.  Tne  less 
clay  is  exposed  to  the  atmosphere  the  better  will  be  the  result.  Baker 
nvesas  safe  bearing  power  for  day  3,000  or  4,000  pounds  per  square  fool 
Gaudard  says  a  stiff  clay  will  support  in  safety  6^  to  11,000  nooadn  par 

— «rn  foot. 
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Bon  Barth. 

Where  the  earth  ia  too  soft  to  support  the  superstructure,  the  trench  is 
ezoarated  to  a  considerable  width,  and  to  a  considerable  depth  below  the 
frost-line ;  then  a  bed  is  prepared  of  stones,  sand,  or  concrete,  the  latter 
being  most  in  use  to-day.  In  fact,  it  is  a  common  thing  to  cover  the  whole 
area  of  the  basement  of  large  power  stations  with  a  heavy  layer  of  concrete, 
of  a  thickness  sufficient  to  sustahi  not  only  the  building-walls,  but .  all  ma- 
chine foundations. 

Sand  makes  a  good  foundation  bed  orer  soft  earth,  if  the  earth  is  of  a 
quality  that  will  retain  the  sand  in  position.  Sand  may  be  rammed  in 
9-inch  layers  in  a  soft  earth  trench,  or  it  can  be  used  as  piles  instead  of 
wooden  ones,  by  boring  holes  6  or  8  inches  in  diameter  and  say  six  feet  deep, 
and  ramming  the  sand  in  wet.  It  is  necessary  to  cover  the  surface  with 
planking  or  concrete  to  prevent  the  earth  pressing  upward.  Alluvial  soils 
are  considered  by  Baker  safe  under  a  load  of  one-halfto  one  ton  per  sQuare 
foot. 


When  the  earth  is  unsuitable  in  nature  to  support  foundations.  It  is  com- 
mon to  drive  piles,  on  the  tops  of  which  the  foundation  is  then  built. 
When  possible  the  piles  are  driven  to  bed  rock,  otherwise  they  are  made  of 
such  length  and  used  in  such  number  as  to  support  the  superstructure  by 
reason  of  tl^e  friction  of  their  surfaces  in  the  soil.  Where  the  soil  is  quite 
soft  it  is  also  common  to  drive  piles  in  large  number  all  over  the  basement 
area  in  order  to  consolidate  the  earth,  and  make  all  parts  of  a  better  bearing 
quality. 

Piles  must  be  driven  and  cut  off  below  the  water  level,  and  a  grillage  of 
heavy  timbers  or  a  layer  of  broken  stone  and  a  capping  of  concrete  must  be 
placed  on  top  of  them  for  supporting  the  foundation. 

The  woods  most  used  for  piles  are  spruce  and  hemlock  in  soft  or  medimn- 
soft  soils,  or  when  they  are  to  be  always  imder  water,  hard  pine,  elm,  and 
beech  in  firmer  soils,  and  oak  in  compact  soils.  When  piles  are  liable  to  be 
alternately  wet  and  dry,  white  oak  or  yellow  pine  should  be  employed. 

Piles  should  not  be  less  than  10  inches  in  diameter  at  the  small  end,  nor 
more  than  14  inches  at 
have  the  bark  removed, 
prevent  the  pile  from  splitting, 
preventsplitting  or  brooming. 

Safe   Xiottd  mi  Piles. 


Bankine  gives  as  safe  loads  on  piles  1,000  pounds  per  square  Inch  of  head, 
If  driven  to  firm  ground;  200  pounds,  if  In  soft  earth,  and  supported  by 
friction. 

Major  Sanders,  U.  S.  Engineers,  gives  the  follo^rtng  rule  for  finding  the 
safe  toad  for  a  wooden  pile  driven  until  each  blow  drives  it  short  and  nearly 
equal  distances: 

^  ^  ,     ..            .       Weight  of  hammer  in  pounds  X  fall  in  inches 
Safe  load  in  pounds  = 8  X  inches  driven  by  hist  blow 

Trautwine's  rule  la  as  follows : 

.     , .                         •Vpall  in  feet  x  Lbs.  wgt.  of  hammer  x  .023 
Bxtreme  load  in  gross  tons  = inches  driven  by  last  blow  + 1 

He  recommends  as  safe  load  one-half  the  extreme  load  where  driven  In 
Arm  soils,  and  one-sixth  when  driven  in  soft  earths  or  mud.  The  last  blow 
should  be  delivered  on  solid  wood,  and  not  oit  the  "  broomed    head. 

Piles  under  Trinity  CJhurch,  Boston,  support  two  tons  each. 

Piles  under  the  bridge  over  the  Missouri  River  at  Bismarck,  Dakota,  wert 
driven  into  sand  to  a  depth  of  32  feet,  and  each  sustained  a  load  of  20  tons. 

A  pile  under  an  elevator  at  Buffalo,  N.  Y.,  driven  into  the  soil  to  a  depth 
of  ISf eet,  sustained  a  load  of  35  tons. 
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i«t  of  Vllea. 

Under  walla  of  a  bailding  piles  are  arranged  in  rows  of  two  or  three,  spaced 
24  inches  or  30  inchee  on  centers.  Under  piers  or  machine  foundations  thej 
are  arranged  in  groups,  the  distance  apart  being  determined  by  the  weight  to 
be  supported,  but  usually,  as  above,  from  two  to  three  feet  ajMut  on  centers. 

Concrete  •■l»«JFovMdatfo«. 

As  mentioned  in  a  previous  paragraph,  concrete  is  now  used  to  a  very 

great  extent  for  foundation  beds,  not  only  in  soft  earths,  but  to  level  op  aU 
inds  of  foundation  beds. 

Good  proportions  are  by  measure,  using  Portland  cement : 

Cement,  fpart:  coarse  sand,  2  parts;  broken  stone,  5  narts. 

Only  hard  and  sharp  broken  stone  that  will  nass  through  a  1^  or  2-iiieh 
ring  should  be  used:  and  the  inffredients  should  be  thoroughly  mixed  dry, 
and  after  mixinff,  add  Just  as  little  water  as  will  fullv  wet  the  material. 

Concrete  should  be  placed  carefully.  It  is  never  at  its  best  when  dropped 
any  distance  into  place.  It  should  be  thoroughly  rammed  in  six-  or  nine-Inch 
layers,  and  after  setting  the  top  of  each  layer  should  be  cleaned,  wet,  and 
roughened  before  depositing  another  layer  over  it.  It  is  common  practice  to 
place  side-boards  in  trenches  and  foundation  excavations  in  order  to  save  con- 
crete. This  is  economical,  but  not  good  practice,  if  the  earth  is  even  moder> 
ately  Arm,  as  filling  out  the  inequalities  makes  the  foundation  mnoh  ftnner 
and  steady  in  place.  Weight  of  good  concrete  per  oubio  foot  is  130  to  IGO  lbs. 
dry. 

I*euiidatiOBa  of  KBgiBee. 

John  Young,  Ayr,  Scotland,  says  that  brick  is  more  resilient  than  concrete. 

Foundations  should  weigh  2i  to  4  times  that  of  its  engine,  depending  on 
whether  horizontal  or  vertical  tyi>e,  also  on  the  outsi<^  forces,  belt  pull, 
direction,  etc. 

He  also  advisee  a  concrete  bed  2  to  3  feet  deep  of  Portland  cement  ood- 
crete,  and  for  large  work,  coating  the  earth  under  the  concrete  with  asphalt 
before  concrete  is  laid. 

This  helps  preventing  rise  of  moisture  in  foundation  masonry. 


Perasisslble  Mioods  o«   I*oiuidatio« 

Piles,  in  firm  soil,  each  pile,  30/)00  to  140,000  Ibe. 

Piles  in  made  ground,  each  pile,  4,000  ** 

Clay,  4,000  «• 

Coarse  gravel  and  sand,  3,600  to  3^600  '• 

Bock  foundations,  average,  20,000  '* 

Concrete.  8,000  ** 
New  York  City  laws,  no  pile  to  be 

weighted  with  a  load  exceeding,  40,000  '• 
New  York  City  rule  for  solid  nat- 
ural earth  per  superficial  foot,  8,000  " 

Concrete   Fonndntions. 

One  of  the  best  foundations  for  engines  or  other  heavy  machinery  Is  ecsft- 
structed  wholly  of  concrete,  rammecTin  a  mold  of  planklngi  The  mold  can 
be  made  of  any  desired  shape  ;  the  holding-down  bolts  placed  by  template, 
and  the  material  rammed  in  layers  not  exceeding  12  Inchee  thick. 

Re-lnforced  Concrete. 

Re-inforced  concrete,  or  Concrete  and  Steel  Constructloii,  Is  being  used 
quite  extensivelv  at  the  present  time  for  bridges,  foundationa,  retaining 
walls,  floors,  ana  even  entire  buildinss. 

When  made  of  the  very  best  Portland  cement  and  good  sharp  aand  and 
hard  broken  stone  all  properly  incorporated,  and  when  the  imbeadlng  of  tbe 
steel  bars  is  carefully  ana  conscientiously  done,  the  results  will  prove  satis* 
factory  in  that  class  of  work  for  which  it  is  adapted. 

Brick   Fonndations. 

Onlv  the  best  hard-burned  brick  should  be  used  for  foundations,  and  they 
should  ha  thoroughly  wet  before  laying.    To  insure  a  thorough  wetting,  the 
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brickB  Bhonld  be  deposited  in  a  tub  of  water.  Brioka  should  b^ptuhptaeed 
in  a  good  rich  cement  mortar.  Gronting  should  never  be  need,  as  it  takes  too 
long  to  dry.  Joints  should  be  rery  smjul.  A  well-construoted  briok  founda- 
tion will  break  as  easily  in  the  briok  as  at  the  Joints  after  it  has  been  built 
for  some  time. 

Atone   VomMcbstfOMa. 


Rabble  stone  foundations  should  start  with  large  flat  stones  on  the  bottooL 
Care  must  be  taken  that  all  are  well  bedded  in  mortar,  and  that  the  work  is 
well  tied  together  by  headers. 

Dimension  stone  foundations  are  always  laid  out  with  the  heaTv  and  thick 
stones  at  the  bottom,  and  gradually  decreasing  in  height,  layer  by  layer,  to 
the  top.  A  larse  cap-stone,  or  several  if  the  size  is  too  great  for  one,  is  often 
placed  on  top  ox  the  foundation.  Care  must  be  taken  to  bed  each  stone  in 
cement  mortar,  so  that  the  Joints  will  be  thin*and  yet  leave  all  the  spaces 
between  the  stones  completely  filled  with  mortar  to  prevent  any  unequal 
trains  on  the  stone.  In  all  larse  foundations  use  plenty  of  headers ;  and  if 
the  backing  or  center  is  of  ruBble,  see  that  all  stones  are  well  bedded,  and 
the  crevloes  filled  with  spawls  and  cement. 

I-]B«isai   VouBdatfoaa. 

One  of  the  best  and  now  most  common  methods  of  constructing  foundv 
tions  for  piers,  walls,  columns,  etc.,  is  the  use  of  steel  I-beams  set  in  con- 
crete. Knowing  the  weight  to  be  supported  and  the  bearing  value  of  the 
soil,  excavation  is  made  of  the  right  dimenaiciis  to  get  the  proper  area  of 
bearing,  then  I-bearos  of  predetermined  dimensions  are  laid  parallel  along 
the  bottom,  and  held  in  place  with  bolts  from  one  beam  to  the  next.  Concrete 
is  rammed  in  all  the  spaces  to  a  level  with  the  tops  of  the  beams.  Another 
similar  layer  of  beams  is  then  laid  on  top  of  the  first,  and  at  right  angles 
thereto,  and  the  spaces  aUo  filled  with  concrete.  The  column  base,  or  foot- 
ing course,  is  then  set  on  the  structure  ready  to  receive  the  column. 

For  method  of  calculation  of  dimensions  of  I-beams  for  use  in  foundations 
for  piers  and  waits,  the  reader  can  consult  the  hand-book  of  the  Carnegie 
Steel  Company,  and  those  of  other  Steel  Companies. 


Milme  HEortar. 

Good  proportions  are :  1  measure  or  part  quicklime,  S  measures  of  sand, 
well  mixed,  or  tempered  with  clean  water. 

t^vaatlty  itMvlrsid.— Trautwine.  20  cu.  ft.  sand  and  4  cu.  ft.  of  lime, 
making  about  22f  cu.  ft.  mortar,  will  lay  1,000  bricks  with  average  ooane 
Joints. 

Weifht.  —  1  bbl.  weighs  230  lbs.  net,  or  2B0  lbs.  gross ;  t  heaped  bushel  of 
lump  lime  weighs  about  75  lbs. ;  1  struck  bushel  eround  qnicxlime,  loose, 
weighs  about  70  lbs.  Average  hardened  mortar  weighs  about  106  to  115  lbs. 
per  cu.  ft. 

Teaadty* — Ordinary  good  lime  mortar  6  months  old  has  cohesive 
strength  of  from  15  to  90  lbs.  per  sq.  Inch. 

AA«el«M  to  coasasoB  bricka  or  rabble.— At  6  months  old,  12  to 
94  \\>s.  per  sq.  Inch. 

Ceaieat  IMfortar. 

Good  proportions  are :  1  measure  cement,  2  measures  sand,  h  measure 
water,  liie' above  is  rich  and  strong,  and  for  ordinary  work  will  allow  in- 
crease of  sand  to  3  or  4  measures. 

tKaaatitir  regaired*— Trautwine.  1  bbl.  cement,  2  bbls.  sand,  will 
lay  1  cu.  yd.  of  bHcks  with  |  inch  Joints  or  1  cu.  yard  rubble  masonry. 

^roirht.— 

American  Rosendale,  ground,  loose,  average,  66  lbs.  per  cu.  ft. 

••                 »         U.S.  struck  bushel,  70   "      "     "    " 

Bnglish  Portland,  81  to  102   "     "     "    " 

**              »        per  struck  bushel,  100  to  128  "     "     "    " 

••             •*        per  bbl.  400to430  •*     "     "    ** 
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Aremcw  Atreagth  of  Hoat  Geaiemt  «ft«r  • 


Portland,  artifleial    .    .    . 

**         Saylor'i  natontl 

U.  S.  oommon  liydraulio    . 


Tensile,  Lbs. 
per  sq.  in. 


200  to  360 

170  to  870 

40  to    70 


Compresi,  Lbs. 
per  sq.  in. 


1400  to  2100 

1100  to  1700 

SSOto  460 


CompTosa, 
Tons  per  sq.  ft. 


90toIM 
71  to  lot 
l«to89 


Cements  are  weakened  by  the  addition  of  sand  somewhat 
following  table  :  calling  neat  oement  L 


as  ahownin  tks 


Sand. 

0 

1 

i 

1 

.4 

2 

8 

4 

6 

« 

Strength. 

k 

« 

« 

A«h«ai<Hi  t*  Britflia   or  livbblo. 

Adhesion  of  oement.  either  neat  or  mixed  with  sand,  will  aT«ra^ 
thre»>foiirths  the  tensile  strength  of  the  mortar  at  the  same  age. 


Recommendations  of  Am.  Soc.  Civil  Engineers. 

U — To  be  crashed  qoarti  only.    To  pass, 
1st  sieve,  400  meshes  per  square  inch. 
Std      **      900       *'       "         "         ** 
Sand  to  pass  the  400  mesh,  but  be  caught  by  the  900  mesh,  all  ftner 
eles  to  be  rejected. 

PovtlsMidL  Coasevi.  —  For  fineness,  to  pass, 
1st  sieve,  9600  meshes  per  square  inch. 
2d       "      6476       "         "  *•       " 

8d       ♦•    10000       "         "  "       " 

Should  be  stored  in  bulk  for  at  least  21  days  to  air^lake  and  tr«a  it 
lime,  as  lime  swells  the  bulk,  and  if  not  removed  is  apt  to  crack  the  ww^ 


IroB,  witflkt  oft  cv.  Im. 

Oast,  .2804  Lbs. 

Wrought,  .2777    " 

a  =  sectional  area  wrought-lron  bar. 
«=  weight  per  foot    "  *•      " 

10a 


c«.  ft. 

400  Lbe. 


a  = 


2a 
10 


«  = 


(Moot,  weight  of  I 


.2831  Lbs. 
Coat  Irom.    Tost. 


ft. 

489.3  LW. 


Bar  an  inch  square,  supported  on  edges  1  foot  tiptat,  must  sustain  I 
oanter. 
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Il^l 
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WSIOHT   or   BASS    OF   IRON. 


IniB  vaJghlns  4tt)  lb*,  par  anbla  foot.    For  itM)  add  S  p«r  oent. 
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HodirktnM»B'«  formula  for  Cell 

P  =  orusliinff  weight  in  pounds ;  d  =  exterior  diameter  In  incb^es ;  <ft  = 
interior  diameter  in  incheB ;  L  =  length  in  feet. 


Kind  of  Colnmna. 


I  Both  ends  rounded,  the 
length  of  the  column 
exceeding  16  times  its 
diameter. 


Solid  oyllndrioal  ool- ) 
nmns  of  oast  Iron  . ) 

Hollow  cylindrical ) 
columns  of  cast  S 
iron ) 

Solid  cylindrical  col-) 
umns  of  wrought  i 
iron ) 

Solid  square  pillar  of ) 
Dantssic  oak  (dry)  .| 


P  =29,120 


P  =06,860 


<|».w  __  <j  ».w 


Ipr 


Both  ends  flat,  the 
length  of  the  oolnnui 
exoeeding  90  times  iti 
diameter. 


P  =  98,920 
P =00,820 


lA-^ 


P  =  200,000 


d* 
P=a4,640^ 


These  formulas  apply  only  to  oases  of  breakage  caused  by  bendlnjr  ratiur 
than  mere  crushing.    Where  the  column  is  short,  or  say  Ato  times  Its  dian- 
eter  in  length,  then  the  following  formula  applies. 
Let 

P  =  yalue  given  in  precedina  formulas, 
jr=  transverse  section  of  column  in  square  inches, 
C=  ultimate  compressive  resistance  of  the  mat«Nrial, 
IT = crushing  strength  of  the  column. 


Then 


W=: 


PCK 


P'\-icJir 

Hodgkinson's  experiments  were  made  upon  oolumns  the  longest  of  whiefc 
for  oast  iron  was  60|  inches,  and  for  wrought  iron  00|  inohes. 

The  following  are  some  of  his  conclusions  i 

■  1.  In  all  long  piUars  of  the  same  dimensions,  when  the  force  is  applied  ia 
the  direction  of  the  axis,  the  strength  of  one  which  has  flat  ends  is  sbovt 
three  times  as  great  as  one  with  rounded  ends. 

2.  The  strength  of  a  pillar  with  one  end  rounded  and.  the  other  flat  is  la 
arithmetical  mean  between  the  two  given  in  the  preceding  ease  of  the  same 
dimensions. 

3.  The  strength  of  a  pillar  having  both  ends  firmly  fixed  is  the  samest 
one  of  half  the  length  with  both  ends  rounded. 

4.  The  strength  of  a  pillar  is  not  increased  more  than  one-serenth  by  ••• 
larging  it  at  the  middle.  .   .         „  ^  , . 

OordoB's  fonnuln,  deduced  from  Hodgkinaon's  experiments,  v« 
more  generally  used  than  Hodgkinson's  own.    They  aje : 

Columns  with  both  ends  fixed  or  flat  P  =      '^     ; 

l  +  «^ 

Columns  with  one  end  flat,  the  other  end  round,  P  :=  i? 


Oolumns  with  both  ends  round  or  hinged,  P  = 


XS 


l  +  lAiji 


>  +  ^S' 
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8  =  ftrea  of  oroM  section  tn  InohM : 

P  =  uUimate  resiatance  of  column  in  pounds ; 

/  j=  crushing  strength  of  the  material  in  pounds  per  square  inch ; 

_      ,      .       .,        -  ^,       .    ,    -.         .      Moment  of  inertia 

r  =  least  radius  of  gyration,  in  inclies,  r*  = 3 tj ; 

*■'  *  *  area  of  section   ' 

I  =:  length  of  column  in  inches ; 

a  =  a  efficient  depending  upon  the  material ; 

f  and  a  are  usually  taken  as  constants ;  they  are  really  empirical  Taria> 
bles,  dependent  upon  the  dimensions  and  character  of  the  column  as  well  as 
upon  the  material.    (Burr.) 

For  solid  wrought-iron  columns,  ralnee  commonly  taken  are  :  /=r  96,000 

to40.000;a  =  5jjljjt<,gljj,. 

New  York  City  Building  Laws  1897-iaW  give  the  following  yalues  for/: 

Oast  iron /=r«),0001hs. 

Boiled  steel  ....  /=  48,000  lbs. 
Wrought  or  rolled  iron  /  =  40,000  lbs. 
Amerusanoak  .  .  «  /=  6,000  lbs. 
Pitch  or  Oeorgia  pfaie .  /=  6,000  lbs. 
White  pine  and  spruce  /=  3,600  lbs. 

For  solid  oast-iron  columns, /=  80,000,  a  =  oTQg-* 

For  hollow  cast-iron  coliunns,  fixed  endB^p  = ^,  I  =  length  and 

i  +  aoog, 

d  =  diameter  in  the  same  unit,  tkudp  =  strength  in  lbs.  per  square  inch. 
Sir  Benjamin  Baker  gires, 

For  mild  steel    /=  67,000  lbs.,  a  =  ^      . 
For  strong  steel  /  =  114,000  lbs.,  a  =  . 

MCRSirC»TH    OF    HATKRXAIA. 

The  terms  iiresa  uid  s<rai«  are  generallv  used  synonymously,  authorities 
dliferiug  as  to  wUch  is  the  proper  use.  Merriman  defines  streu  as  a  force 
which  acts  in  the  interior  of  a  body,  and  resists  the  external  forces  which 
tend  to  change  its  shape.  A  d^ormcUion  is  the  amount  of  change  of  shape 
of  a  body  caused  by  the  stress.  The  word  strain  is  often  used  as  simony- 
mous  with  stress,  and  sometimes  it  is  also  used  to  designate  the  deforma- 
tion. Merriman  gives  ^e  following  general  laws  for  simple  tension  or 
compression,  as  having  been  established  by  experiment. 

a.  When  a  small  stress  is  applied  to  a  body,  a  small  deformation  is  pro* 
duced,  and  on  the  removal  of  the  stress  the  body  springs  back  to  its  ori|^nal 
form..  For  small  stresses,  then,  materials  may  be  regarded  as  perfeeUy 
elastic. 

b.  Under  small  stresses  the  deformations  are  approximately  proportional 
to  the  forces  or  stresses  which  produce  them,  ana  also  appronmately  pro- 
portional to  the  length  of  the  bar  or  body. 

c.  When  the  stress  is  great  enough,  a  deformation  is  produced  whidh  is 
partly  permanent;  that  Is,  the  body  does  not  spring  back  entirely  to  its 
original  form  on  removal  of  the  stress.  This  permanent  part  is  termed  a 
set.    In  such  cases  the  deforaatiens  are  not  propoitional  to  the  stress. 

d.  When  the  stress  is  greater  still,  the  deformation  rapidly  increases,  and 
the  body  finally  ruptures. 

e.  A  sudden  shock  or  stress  is  more  injurious  than  a  steady  stress,  or  than 
a  stress  gradually  applied. 
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The  eloMtUi  limit  of  a  material  under  tent  for  tensile  ■trength  is  d^lned  as 
the  point  where  the  rate  of  stretch  begins  to  increase,  or  where  tha  defor- 
mations cease  to  be  proportional  to  the  stresses,  and  the  body  loses  Its 
power  to  return  completely  to  its  former  dimensions  when  the  stress  Is  re- 
moyed. 

Hodvlas  •r  Blaatlclty. 

Hie  modtUui  or  coefficient  of  eUuHcity  Is  the  term  expressing  the  relation 
of  the  amount  of  extension  or  compression  of  a  material  under  stress  to  the 
load  producing  that  stress  or  deformation.    It  is  the  load  per  unit  of  seotion 
dlTlded  by  the  extension  per  unit  of  length. 
If  P  =  applied  load, 

k  =  sectional  area  of  piece, 
I  =  length  of  the  part  extended, 
X  =  amount  of  extension, 
if  =  modulus  of  elasticity, 
j^_  P.  x_  pr 

Following  are  the  Moduli  of  elasticity  for  Tarlous  materials. 

Brass,  cast 9,170,000 

*<       wire 14,290,000 

Oopper 15,000,000    to    18,000,000. 

Lead 1,000,000 

Tin,  oast 4,600,000 

Iron,  cast 12,000,000    to    37,000/)00  (?) 

Iron,  wrought 22,000,000    to    ao,000/)00 

Steel 28,000,000    to    82,000,000 

Marble 26,000,000 

Slate 14,500,000 

Glass 8,000,000 

Ash 1,600,000 

Beech 1,300,000 

Birch 1,980,000    to     1,800,000 

Fir 889,000    to     2,191/)00 

Oak 974,000    to      2,288,000 

Teak 2,414,000 

Walnut 306,000 

Pine,  long-leaf  (butt-logs)     .    .     1,119,200    to  ■  8,117,000   Arerage,  1,998,«8 

Vactor  •f  Asifcty* 

This  may  be  defined  as  the  factor  by  which  the  breaking  strength  of  a 
material  is  divided  to  obtain  a  safe  working-stress.  The  factor  of  ssfety  Is 
sometimes  a  rather  indefinite  quantity,  owing  to  lack  of  information  as  to 
the  strength  of  materials,  and  ft  is  now  becoming  common  to  name  a  defi- 
nite stress  which  is  substantially  the  result  of  dlylmng  the  aTsragsstrei^tiM 
by  a  factor. 

The  following  factors  are  found  in  the  **  Laws  Relating  to  BuUdlng  In 
New  York  Olty,"  1897-1898. 

For  beams,  girders,  and  pieces  subject  to  transrene  strains,  faetorof 
safety  =  4. 

For  wiought-iron  or  rolled-steel  posts,  columns,  or  other  Tertleal  sop* 
ports,  4. 

For  other  materials  subject  to  a  oompressire  strain,  5. 

For  tie-rods,  ti»>beams,  and  other  pieces  subject  to  tensile  strain,  fi. 

MOMsmr  OF  raniMKKA. 

The  moment  of  Inertia  of  a  body  about  any  axis,  is  the  som  of  the  pvodoeli 
of  the  mass  of  each  particle  of  the  body,  into  the  square  of  its  (least)  dis> 
tanoe  from  the  axis. 
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MJLVMMJB    OF    «TlftAXMOir. 

'Vho  radius  of  gyration  of  a  stction  ii  the  square  root  of  the  quotieiit  of 
the  moment  qfineriiay  divided  by  the  area  of  the  section,  or 


Radius  of  gyration  =   ^Moment  of  Inertia 

y      Area  of  section. 

The  radius  of  gyration  of  a  solid  about  an  axis  is  equal  to  the 


V^ 


Moment  of  Inertia 
Mass  of  the  Solid 


Uae  la  thm  W^wmmUm  Cor  •ti^artli  •f  CMrdem 


The  strength  of  sections  to  resist  strains,  either  as  ffirders  or  as 
columns,  depends  on  the  form  of  the  section  and  Its  area,  ana  the  property 
of  the  section  which  forms  the  basis  of  the  constants  used  In  the  formul» 
for  strength  of  girders  and  columns  to  express  the  effect  of  the  form,  is  its 
moment  of  inexxia  about  Its  neutral  axis.  Thus  the  moment  of  resistance 
of  any  section  to  transTerse  bending  is  its  moment  of  inertia  divided  by  the 
distftnoe  from  the  neutral  axis  to  the  fibers  farthest  removed  from  the  axis  ; 
or 

»  .    .       .  .  Moment  of  inertia  „      / 

Moment  of  resistance  =  frr-i i — i sv — s r-»    if  =  — . 

Distance  of  extreme  fiber  from  axis  e 

MoBB«nt  •f  Xnertto  of  Compoanii  01iAp«a. 

(Penooyd  Iron  Works.) 

The  moment  of  inertia  of  any  section  about  any  axis  Is  equal  to  the  /  about 
a  parallel  axis  passing  through  its  center  of  gravity  +  (the  area  of  the  seo- 
tlon  X  the  square  of  the  distance  between  the  axes). 

By  this  rule,  the  moments  of  Inertia  or  radii  of  gyration  of  any  single  sec- 
tions being  known,  corresponding  values  may  be  obtained  for  any  oomblnap 
tion  of  tiiese  sections. 

Itadtae  of  C^jratl^o  of  CompouBcl  AliApca. 

In  the  case  of  a  pair  of  any  ^ape  without  a  web  the  ralueof  B  can  always 
be  found  without  considering  the  moment  of  Inertia. 

The  radius  of  gyration  for  any  section  round  an  axis  parallel  to  another 
axis  passing  through  Its  center  of  gravity  is  found  as  follows  : 

Let  r  =  radius  of  gyration  around  axis  through  center  of  gravity ;  X  = 
radius  of  gyration  around  another  axis  parallel  to  above ;  d  =  distance  be- 
tween axes : 

When  r  is  small,  B  may  be  taken  as  equal  to  d  without  material  error. 

mMJBMXSrWB    OW    17A17AI.    BmCTKOlMB. 

Moments  refer  to  horisontal  axis  through  center  of  gravity.  This  table  Is 
intended  for  convenient  application  where  extreme  accuracy  is  not  Impor- 
tant. Some  of  the  terms  are  only  approximate ;  those  marked  *  are  cor- 
rect. Values  for  radius  of  gyration  in  flanged  beams  apply  to  standard 
minimum  sections  only. 

A  =  area  of  section ; 
b  =z  breadth ; 
A  =  depth ; 
^=  diameter. 
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Shape  of  Section. 

Moment  of 
Inertia. 

Moment 

of 

Resistance. 

Square  of 

Least 
Radius  of 
Gyration. 

Badlwor 
Qyratloa. 

12 

6 

/Least\*« 
\  Side  ) 

.       Solid  Raot- 

LaMtalde* 

.c;         angle. 

S48 

12 

»-*-- 

-:#f 

i    Hollow  Rect- 
db         angle, 
t- 

6*»— 6iV* 

6A"-6,Ai»» 

A»  +  V* 

*  +  A. 

12 

6A 

12 

4.89 

.  -6--. 

(i 

-j    SoUd  Circle. 

16 

ATI* 

8 

•      16 

4 

H     Hollow  Circle 
.         Ay  area  of 
1_  large  section; 
/        a,  area  of  . 
^      small  section. 

XD»-ad« 

^lD»-o<P 

16 

2>  +  tf 

16 

8Z> 

5.64 

A 

_*          Solid 
j_      Triangle. 

86 

&AS 
24 

The  least 

of  the  two: 

h*        6« 

i8^S 

The  least 
of  the  two : 
A           A 

\*-b—> 

4.24        4J 

"" 

T 

•^   Eren  Angle. 

10.2 

Ah 

7J8 

6» 
26 

h 

6 

V-b— 

^- 

r 

'  ^    TTnAVAn  AnorlA 

9.5 

^A 
6J^ 

(A5)« 

AA 

L»; 

13(A«4-6«) 

2.6  (A  -f  A) 

1-6- 

1^ 

-4 

h^    Eyen  Cross. 

JL 

19 

9JS 

A* 

2^j& 

A 

4.74 

"~ 

•f     Bren  Tee. 

11.1 

8 

6* 
22.6 

A 

^— 'L 

■jj 

4.74 

b--/>- 

•  . 

*■-- yi 

^         I-Beam. 

Ah* 
6.66 

3.2 

6» 
21 

A 
AM 

1 

734 

Ah 
3.67 

6» 
12J^ 

^rt 

"l         Channel. 

A 
3.64 

i)5 

Q    Deck  Beam. 

Ah* 
6.9 

^A 

4 

6«                       » 
36.5                    6 

Distance  of  base  from  center  of  grarity,  solid  triangle,  -  ;    even   angle, 
]L  Jb  A  A 

-^;  uneven  angle,  -^;  eren  tee,  ^^;  deck  beam,  5^ ;    all  oth«r    ahapts 


3.3 


2.3 


given  in  the  table,  =  or  -^- 
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Solid   CMt^VOB   Coll 

Table,  Imsed  on  Hodgkinson's  formula  (grou  tons). 
The  figures  are  one-tenth  of  the  breakmg  weight  in  tons,  for  solid  col- 
umns, ends  flat  and  fixed. 


Length  of  Column  In  Feet. 


3 

I* 
? 

«i 

7 

? 
? 

10k 

11 

11* 

12 


.82 

1.43 

2.31 

3.62 

6.1£ 

7.26 

9.93 

17.29 

27i» 

42.73 

82.44 

88.00 

120.4 

ieo.6 

209.7 

268.8 

339.1 

421.8 

518.2 

629.6 

767.2 

902.6 

1067.1 

1252.3 

1460.6 


8. 

10. 

12. 

14. 

16. 

18. 

20. 

JSO 

.34 

.26 

.19 

.16 

.18 

.11 

.87 

.60 

.44 

.34 

.27 

.22 

.18 

1.41 

.97 

.71 

.56 

.44 

.36 

.30 

2.16 

1.48 

1.08 

.83 

.67 

JS4 

.46 

3.16 

2.16 

1.68 

1.22 

.97 

.80 

.66 

4.46 

3.05 

2.23 

1.73 

1.37 

1.12 

.94 

6.09 

4.17 

3.06 

2.36 

1.87 

1J» 

1.28 

10.60 

7.26 

6ja 

4.10 

3.26 

2.67 

2.28 

17.16 

11.73 

8.61 

6.62 

6.28 

4.32 

3.61 

26.20 

17.93 

13.16 

10.12 

8.07 

6.00 

6.52 

88.29 

26.S0 

19.22 

14.79 

11.79 

9.66 

8.06 

63.97 

36.93 

27.09 

20.84 

16.61 

13.60 

11.37 

73.82 

50JS1 

37.05 

28.61 

22.72 

18.60 

15JS5 

98.47 

67.38 

49.43 

38.03 

30.31 

24.81 

20.74 

128.6 

87.98 

64.53 

49.66 

39.57 

32.30 

27.06 

164.8 

112.8 

82.73 

63.66 

60.73 

41.63 

34.72 

207.9 

142.3 

104.4 

80.31 

64.00 

62.39 

43.80 

268.6 

177.0 

129.8 

99  JO 

79.61 

66.16 

64.48 

317.7 

217.4 

159.6 

122.7 

97.80 

80.06 

06.92 

386.0 

264.2 

193.8 

149.1 

118.8 

97.25 

81.70 

464.3 

317.7 

233.1 

1T9.8 

142.9 

117.0 

97.79 

563.5 

378.7 

277.8 

213.8 

170.3 

139.4 

116.6 

664.4 

447.8 

328.5 

252.7 

201.4 

164.9 

137.8 

767.9 

526.6 

385.4 

296.6 

236.4 

193j5 

161.7 

896.1 

612.6 

449.3 

346.7 

275.5 

225.5 

188.5 

25. 


.07 

.13 

.20 

.31 

JS6 

.64 

.88 

1.63 

2.47 

3.78 

5.52 

7.78 

10.64 

14.19 

18.63 

23.76 

29.97 

37.28 

46.80 

55.64 

66.92 

79.77 

94.31 

110.7 

129.0 


Where  the  length  is  lees  than  30  diameters, 

Strength  in  tons  of  short  columns  = 


SC 


lO^r-f-  IC 


S  being  the  strength  given  in  the  above  table,  and  Cir  49  times  the  sec- 
tional area  of  the  metal  in  inches. 


Hollovr  Oolniwna. 

The  streuffth  nearly  equals  the  difference  between  that  of  two  solid  col- 
umns, the  diameters  of  which  are  equal  to  the  external  and  internal  diam- 
eters of  the  hollow  one. 

More  recent  experiments  carried  out  by  the  Building  Department  of  New 
York  City  on  full-size  cast-iron  columns,  and  other  tests  made  at  the 
Watertown  Arsenal  on  cast-iron  mill  columns,  show  Qordon's  formula, 
based  on  Hodgkinson's  experiments,  to  give  altogether  too  high  results. 

The  following  table,  from  results  of  tne  New  York  Building  Department 
tests,  as  publisned  in  the  Engineering  Newa^  January  13-20, 1898,  show  actual 
results  on  columns  such  as  are  constantly  used  in  building^.  Applying 
Gordon's  formula  to  the  same  columns  gives  the  following  as  the  breakins 
load  per  square  inch.  For  15-inch  columns,  67,000  lbs.;  for  8-lnch  and  O-inch 
columns,  40,000  lbs.,  all  of  which  are  much  too  high,  as  shown  by  the  table. 

Prof.  Lanxa  gives  the  average  of  11  columns  m  the  Watertown  tests  as 
29,600  pounds  per  square  inch,  and  recommends  that  5,000  pounds  per  square 
ineh  be  used  as  the  maximum  safe  load  for  crushing  strength. 
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ThiflkneM. 

Bnnklng  LohL 

,&• 

Max. 

Min. 

AvBr.g* 

PooDdi. 

PM-.Q.    ta. 

u 

I 

, 

, 

J( 

1 

10 

^ 

\P 

i*A 

s 

*»,«» 

ftSS 

CaM-lr*a  Oolaaaa.  wb«a  Hxed  «t  the  B>£. 

(FottaTille  Iron  and  St«I  Co.) 
Computed  by  Gordon'i  tonnnlft,  p  = tt— i 

'+"(1) 

p  =  Ultimata  atrencth  In  lbs.  per  ■qni.ra  Inch  ; 


I  =  Lengtb  ot  oolamn, 


I  both  In  M 

rooghl  lion:  1 
at  Iron;  f 

It  Iron,  and  l/SOD  (or  s 
80.000 


iW- 


irmuguL  111111, p  _  1      ,   j  .  ,- 

Hb1I*w   OrII>drfcsl  CclaaiB 


Batloof 

HaiimnmLoadperaq.ln. 

r 

Cut  Iron. 

Wronght  Iron 

Caat  Iron, 
Factor  at  6. 

•KSVT 

g 

7M76 

7«U 
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H«ll*w  CjUadrtcal  C«l«i 

mmm,— Continued. 

Batlo  of 

Maxlmam  Load  per  Sq.  In. 

Safe  Load  per  Square  Inch. 

Lenffth  to 

IMjuneter. 

h 

Cast  Iron. 

Wrought  Iron. 

Caat  Iron, 
Factor  of  6. 

Wrought  Iron, 
Factor  of  4. 

82 

36088 

29820 

6848 

7466 

34 

32718 

28874 

6463 

7218 

36 

30684 

27932 

6097 

6983 

38 

28620 

27002 

4763 

6760 

40 

20666 

26086 

4444 

6622 

42 

24062 

26188 

4160 

6297 

44 

23396 

24310 

3899 

6077 

46 

21946 

28464 

3668 

6863 

48 

20618 

22620 

3436 

6666 

60 

19392 

21818 

3262 

6464 

62 

18282 

21036 

8047 

6260 

54 

17222 

20284 

2870 

6071 

66 

16280 

19666 

2710 

4889 

68 

16368 

18866 

2661 

4n4 

60 

14644 

18180 

2424 

4646 

p  =  ultimate  strength  per  square  inch; 
I  =  length  of  column  in  inches: 
r  =  least  radius  of  gyration  in  inches. 

-  M^     ^  40000 

for  square  end-bearings,  prz  — 


1  + 


lOOOVf/ 


For  one  pin  and  one  square  bearing,  p  = 


40000 
40000 


For  two  pin  bearings, 


P  = 


30000^ 
40000 


1  + 


20000 


{'rY 


For  saf e  ▼orlclng-load  on  these  columns  use  a  factor  of  4  when  used  in 
buildings,  or  when  subjected  to  dead  load  only;  but  when  used  in  bridges 
the  factor  should  be  6. 


Ultimate  Strength 

in  Lbs. 

Safe  Strength  In  Lbs.  per 

1 

per  Square  Inch. 

I 

r 

Square  Inch  —  Factor  of  6. 

r 

Square 
Ends. 

Pin  and 

Pin 

Square 
iSads. 

Pin  and 

Pin 

Sq.    End. 

Ends. 

Sq.  End. 

Ends. 

10 

900AA. 

own 

30866 

30900 

10 

7989 

7973 

7960 

16 

30776 

80702 

38664 

16 

7965 

7940 

7911 

30 

39604 

80472 

39214 

20 

7921 

7894 

78«8 

26 

89384 

38182 

.   38788 

26 

7877 

7836 

77b8 

30 

39118 

88834 

38278 

30 

7821 

7767 

7666 

86 

88810 

38430 

87690 

36 

7762 

7686 

7838 

40 

38460 

87974 

37086 

40 

7602 

7596 

7407 

46 

88072 

37470 

36322 

46 

7614 

7484 

7204 

50 

37646 

86928 

36626 

60 

7529 

7386 

7106 

66 

87186 

36886 

34744 

66 

7437 

7267 

6049 

69 

86697 

36714 

83888 

60 

7339 

7148 

6780 

66 

3a82 

34478 

38024 

66 

7236 

6896 

0606 

70 

8B04 

84384 

32128 

70 

7127 

6877 

0496 

75 

36076 

83682 

31218 

75 

7015 

6736 

6M4 

80 

34402 

32966 

30288 

80 

6896 

6503 

6058 

86 

38883 

32236 

29384 

85 

6777 

6447 

6877 

90 

33264 

31486 

28470 

90 

6653 

6299 

6694 

96 

32686 

30760 

27662 

96 

6527 

6160 

6612 

100 

32000 

30U0O 

SDODO 

100 

6400 

6000 

6388 

106 

31367 

29250 

26786 

106 

6271 

5860 

6167 
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Transverse  strength  of  bars  of  rectangular  section  is  found  to  "rmrj  dl> 
rectly  as  the  breadUi  of  the  specimen  tested,  as  the  square  of  its  depth,  and 
inversely  as  its  lenffth.  The  deflection  under  load  rariee  as  the  cnbe  of  the 
length,  and  inversely  as  the  breadth  and  as  the  cube  of  the  deptb.  Alme- 
bralcally,  if  8  =  the  strength  and  D  the  deflection,  /  the  lengtli,  h  ttM 
breadth,  and  d  the  depth, 

S  varies  as  —r~  uid  ^  varies  as  r^s* 

To  reduce  the  strength  of  pieces  of  various  sixes  to  a  common  standard, 
^e  term  modulus  qf  rupture  (B)  is  used.  Its  value  is  obtained  hj  experi- 
ment on  a  bar  of  rectangular  section  supported  at  the  ends  and  loaded  ia 
the  middle,  and  substituting  numerical  values  in  tiie  following  f onutilA : 

in  which  P  =r  the  brealdng  load  in  pounds,  I  r=  the  length  in  Inches,  6  the 
breadth,  and  d  the  depth. 


kflieBtial  f ormalse  fer  flexure  •f 

(Merriman.) 

Besisting  shear.  =  vertical  shear ; 

Besisting  moment  =  bending  moment ; 

Sum  of  tensile  stresses  =  sum  of  compressive  stresses ; 

Resisting  shear  =:  algebraic  sum  of  all  the  vertical  components  of  the  In- 
ternal stresses  at  any  section  of  the  beam. 

If  ^  be  the  area  of  the  section  and  S*  the  shearing  unit  stress,  then  reeist- 
ingshear  =  ASt ;  and  if  the  vertical  shear  =  K,  then  V=z  AS*. 

The  verticcU  shear  is  the  algebraic  sum  of  all  the  external  vertical  foitscs 
on  one  side  of  the  section  considered.  It  is  equal  to  the  reaction  of  ones«q»- 
port,  considered  as  a  force  acting  upward,  minus  the  sum  of  all  the  Tectlcal 
downward  forces  acting  between  the  support  uid  the  section. 

The  resisting  moment  =  algebraic  sum  of  all  the  moments  of  Uie  Inter- 
nal horizontal  stresses  at  any  section  with  reference  to  a  point  in  that  sec- 

or 

tion,  =  — ,  in  which  S  =  the  horiaontal  unit  stress,  tensile  or  oompressive 

as  the  case  may  be,  upon  the  fiber  most  remote  from  the  neutral  axis,  e  = 
the  shortest  distance  from  that  fiber  to  said  axis,  and  /=  the  moment  ot 
inertia  of  the  cross-section  with  reference  to  that  axis. 

The  bending  moment  M  is  the  algebraic  sum  of  the  moment  of  the  external 
forces  on  one  side  of  the  section  with  reference  to  a  point  in  that  section  = 
moment  of  the  reaction  of  one  support  minus  sum  ox  moments  of  loads  be- 
tween the  support  and  the  section  considered. 

c 

The  bending  moment  is  a  compound  quantity  =  product  of  a  force  by  the 
distance  of  its  point  of  application  from  the  section  considered,  the  distance 
being  measured  on  a  line  drawn  from  the  section  perpendicular  to  the  direc- 
tion of  the  action  of  the  force. 

Ooneeming  the  above  formula,  Prof.  Merrlmui,  Eng,  NewSy  July  21,  IflM. 
says :  The  formula  Just  quoted  is  true  when  the  unit-stress  S  on  the  part  of 
the  beam  farthest  from  the  neutral  axis  is  within  the  elastic  limit  of  the 
material.  It  is  not  true  when  this  limit  is  exceeded,  because  tiien  the  neutral 
axis  does  not  pass  through  the  center  of  gravity  of  the  cross  section,  aad 
because  also  the  diiferent  longitudinal  stresses  are  not  proporti<mal  to  their 
distances  from  that  axis,  these  two  requirements  being  involved  in  the  de- 
duction of  the  formula.  But  in  all  cases  of  design  the  permissible  unit- 
strehses  should  not  exceed  the  elastic  limit,  and  hence  the  formula  MipUcti 
rationally,  without  regarding  the  ultimate  strength  of  the  material  or  any 
of  the  circumstances  regarding  rupture.  Indeed,  so  great  reliance  Is  placed 
upon  this  formula  that  the  practice  of  testing  beams  by  rupture  has  been 
almost  entirely  abandoned,  and  the  allowable  unit-«tre8ses  are  mainly  de- 
rived from  tensile  and  compressive  tests. 
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^•rmmlm  for  Tvaasrene  Atrcaffth  of 

(Referring  to  table  on  preceding  page.) 

P  =  load  at  middle ; 

Fr=  total  load,  distributed  nniformW ; 
{ =  length  ;  b  =  breadth  ;  d  =  depth,  in  inoheB ; 

E  z=i  modaloa  of  elasticity  ; 

R  =  modalns  of  rapture,  or  stress  per  square  inch  of  extreme  lllMr : 

/  =  moment  of  inertia ; 

c  =  distance  between  neutral  axis  and  extreme  fiber. 

For  breaking-load  of  circular  section,  replace  bdP  by  OMd^. 

For  good  wrought   iron  the  value  of  J2  is  about  80,000,  for  steel  abiNt 
120,000,  the  percentage  of  carbon  apparently  haying  no  influence.    (Th 
ton,  "  Iron  and  Steel,"  p.  4910 

For  cast  iron  the  value  of  Ji  varies  greatly  according  to  quality 
found  46,740  and  67,980  in  No.  2  and  No.  4  cast  iron,  respectively. 


For  beams  fixed  at  both  ends  and  loaded  in  the  middle.  Barlow,  by  < 
ment,  found  the  maximum  moment  of  stress  =  iPl  instead  of  ilH,  ttieK- 
suit  given  by  theory .  Prof.  Wood  ('  •  Resistance  Materials,"  p.  166)  says  of  Aa 
case,  "  The  phenomena  are  of  too  complex  a  character  to  admit  or  a  UKVoas^ 
and  exact  analysis,  and  it  is  probably  safer  to  accept  the  results  of  Mr.  Bt^ 
low  in  practice  tlian  to  depend  upon  theoretical  results." 


I.BA.    Oir    •TBEI.    BSAM/i. 

(Pencoyd  Iron  Works.) 

Based  on  fiber  strains  of  16,800  lbs.  for  steel.  (For  iron  the  loada  ahooMto 
one-sixth  less,  corresponding  to  a  fiber  strain  of  14,000  lbs.  per  equare  lac^ 

L  =  length  in  feet  between  supports  ; 
A  =  sectional  area  of  beam  in  square  Inohea ; 
D  =  depth  of  beam  in  inches ; 
a  —  interior  area  in  square  inches ; 
d  =  interior  depth  in  inches ; 
w  =  working-load  in  net  tons. 


Sha|pe 
Section. 

Greatest  Safe  Load  In  Lbs. 

Deflection  In  Inches. 

Load  in 
Middle. 

Load 
Distributed. 

Load  in 
Middle. 

Load 
I>istributed. 

Solid 
Rectangle. 

940^/> 
L 

\9fOAD 
L 

SlAl^ 

Hollow 

9¥S{AD'-ad) 
L 

l9gfKAD—ad) 
L 

32(^2)«--<sd*) 

tr£» 

Rectangle. 

63(ADft-ad>) 

Solid 
Cylinder. 

1O0AD 
L 

140DAD 
L 

24.4/)* 

Hollow 

7W(AD  —  ad) 
L 

14O0(^I>-H3kf) 

L 

wL* 

w£* 

Cylinder. 

a4(.<LD«-ad") 

S8(XDi-.«r? 

APFBOXIMATE  GREATEST  SAFE  LOAD  IN  LBS.  1311 


Shape 
Beotion. 

Greatest  Safe  Load  hi  Lbs. 

Defleotlon  in  Inches. 

Load  in 
Middle. 

Load 
Distributed. 

Load 
hi  Middle. 

Load 
Distributed. 

ETen- 
Tee. 

9XAD 
L 

\msAD 
L 

52AI>^ 

Channel  or 
ZBar. 

190OAD 
L 

3K0AD 
L 

53AIP 

95AZ)^ 

l>eek 

Beam. 

14B0AD 
L 

2000  AD 
L 

SOAD^ 

fX>AiP 

I-Beam. 

179)AJ) 
L 

3SmAD 
L 

9aAIJ^ 

I 

n 

III 

IV 

V 

The  rules  for  rectangular  and  circular  sections  are  oorrect,  while  those  for 
the  flanged  sections  are  approximate,  and  limited  in  their  application  to  the 
standard  shapes  as  given  In  the  Pencoyd  tables. 

The  calculated  sue  loads  will  be  approximately  one-half  of  loads  that 
would  inlnre  the  elasticity  of  the  materials. 

The  rules  for  deflection  apply  to  any  load  below  the  elastic  limit,  or  less 
than  double  the  greatest  safe  load  by  the  rules. 

If  the  beams  are  long,  without  lateral  support,  reduce  the  loads  for  the 
ratios  of  width  to  span  as  follows  : 


Length  of  Beam. 


20  tiroes  flange  width. 

30 

40 

60 

60 

70 


Proportion  of  Calculated  Load 
forming  Greatest  Safe  Load. 


Whole  calculated  load. 
9-10  "  " 

8-10  "  *• 

7-10  »•  " 

6-10  "  •* 

5-10  **  " 


These  rules  apply  to  beams  supported  at  each  end.  For  beams  supported 
otherwise,  alter  the  coefficients  of  the  table  as  described  below,  referring  to 
the  respectiTO  columns  indicated  by  number. 

Chmn^^m  of  CoeSdenis  for  ApcclAl  Forme  of  Bow 


Kind  of  Beam. 


Fixed  at  one  end,  loaded 
at  the  other. 


Coefficient  for  Safe 
Load. 


One-fourth  of  the  coeffi- 
cient of  col.  II. 


Coefficient  for  Defiee- 
tion. 


One-sixteenth  of  the  co- 
efficient of  col.  lY. 
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ClKMMr—  of  Co«aci«ate  —  Oomtimud. 


Kind  of  Beam. 

Coeificient  for  Safe 
Load. 

Coeffloient  of  TTiih 
tion. 

Fixed  at  one  end,  load 
evenly  distribnted. 

One-fourth  of  the  ooelB- 
eient  of  col.  III. 

Five  fortv-eisbths  ^^ 
eoeffloient  oif  ecL  T. 

Both  ends  rigidly  fixed, 
or  a  continuous  beam, 
vith  a  load  in  middle. 

Twice  the  coeificient  of 
col.  II. 

Four  tlni«s  tli«  cnrf 
cient  of  ool.  IV. 

Both  ends  rigidly  fixed, 
or  a  continuous  beam, 
with  load  evenly  dis- 
tributed. 

One  and  a  half  times 
the  coefficient  of  col. 
UI. 

Five  timea  the  eo4- 
cient  of  col.  V. 

Modulwi  of  Klaatlcltj  mmA  Blaattc  Iftertlii 

Let      P  =  tensile  stress  in  pounds  per  square  inch  at  the  ftlnatlc 
e  =  elongation  per  unit  of  length  at  the  elastic  unit ; 
E  =  modulus  of  elasticity  =  P-r-e;e  =  /»-i-JP.         |», 
Then  elasticity  resilience  per  cubic  inch  =  \Pe  =  «  7  - 

The  section  is  supposed  in  all  cases  to  be  rectangular  throvgbont.  TV 
beams  shown  in  plim  are  of  uniform  depth  throu^onl.    ~~ 
elevation  are  of  uniform  breadth  throughout. 

B  =  breadth  of  beam.    Z>  =  depth  of  beam. 


ELEVATION 


f^ 


PLAN 


yuiQHT 


ELEVATION 


Fixed  at  one   end,  loaded   at    the 

curve  parabola,  vertex  at  loaded  end ;  JJT* 
proportional  to  distance  from  loaded  euL 
The  beam  may  be  reversed  ao  that  the  ^ 
per  ed^e  is  parabolic,  or  both  edges  may  be 
parabolic. 

Fixed  at  one  end,  loaded  at  the  other ;  tri- 
angle, apex  at  loaded  end ;  BU^  proportifici.' 
to  the  distance  from  the  loaded  end. 

Fixed  at  one  end;  load  distributed;  trv 
angle,  apex  at  unsupported  end;  .AD** pre* 
portlonal  to  square  ox  distance  £rom  vaam- 
ported  end. 

Fixed  at  one  end ;  load  distributed :  curra 
two  parabolas,  vertices  touching  eshui  dbe. 
at  unsupported  end ;  BB*  proportional  to  ^ 
tanoe  from  unsupported  end. 

Sujqported  at  both  ends ;  load  at  any  cm 
point ;  two  parabolas,  vertices  at  the  poioii 
of  support,  bases  at  point  loaded;  BjPvr^ 
portional  to  distance  from  nearest  noint  of 
support.  The  upper  edge  or  both  edges  imt 
also  be  parabolic. 

Supported  at  both  ends  ;  load  at  anv  out 
point ;  two  triangles,  apices  at  points  of  vm- 
port,  bases  at  point  loaded;  BB/^  pit^wr- 
tional  to  distance  from  the  nearest  point  cf 
support. 

Supported  at  both  ends ;  load  distributed : 
curves  two  parabolas,  vertices  at  the  middle 
of  the  beam  ;  bases  center  line  of  beam ;  Bl^ 
proportional  to  product  of  distances  tnm 
points  of  support. 

Supported  at  both  ends ;  load  distrihuted : 
curve  semi-ellipse  ;  BB^  proportional  to  tbf 
product  of  the  distances  from  the  pointi  tl 
support. 
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(Trenton  Iron  Works.) 

To  find  which  beam,  sapporfced  at  both  ends,  will  be  required  to  eapport 
nHth  safety  a  glren  uniformly  distrUmied  load  : 

Multiply  the  load  In  poands  by  the  span  In  feet,  and  take  the  beam  whose 
**  Goeffloient  for  Strength  "  is  nearest  to  and  exceeds  the  number  so  found. 
IThe  weight  of  the  beam  Itself  should  be  included  in  the  load. 

The  deflection  in  inches  for  such  distributed  load  will  be  found  by  divid- 
Ing  the  square  of  the  span  taken  in  feet,  by  seventy  (70)  times  the  depth  of 
tlie  beam  taken  in  inches  for  iron  beams,  and  by  52.5  times  the  depth  for 
steel. 

BXAICPLS.  —  Which  beam  will  be  required  to  support  a  uniformly  distrib- 
uted load  of  12  tons  (=  24,000  lbs.)  on  a  span  of  15  feet? 

34,000  X  15=  360,000,  which  Is  lees  than  the  coefficient  of  the  12i-inch  125- 
11>.  iron  beam.  The  weight  of  the  beam  Itself  would  be  625  lbs.,  which, 
Added  to  the  load  and  mmtiplied  by  the  span,  would  still  give  a  product  less 
tluui  the  eoeffloient;  thus. 


94,625  X  16  saOO^nS. 


The  deflection  will  be : 


15X15 
70  X  12i 


=  0.26  inch. 


The  safe  distributed  load  for  each  beam  can  be  found  by  dividing  the 
coefficient  by  the  span  in  feet,  and  subtracting  the  weight  of  tne  beam. 

When  the  load  is  concentrated  entirely  at  the  center  of  the  span,  one>]uilf 
of  this  amount  most  be  taken. 

The  beams  mutt  be  secured  (igaintt  yielding  eidetaaye,  or  the  safe  loads  irill 
l>e  much  less. 


Designation  of 
0eam. 


16  inch 

1ft  " 

12  »' 

12  " 

10  " 

10  ** 

10  " 

9  " 

9  " 

8  •• 

8  " 

7  " 

7  " 

6  " 

6  " 

6  " 

6  " 

4  •• 

4  " 

2  " 


Weight  per 
7ard  in  Lbs. 


Min. 


150 
123 
120 

96 
135 

99 

76 

81 

63 

66 

54 

60 

46.5 

50 

40 

30 

30 

30 

22JS 


^ 


Max 


190 

160 

160 

125 

160 

125 

100 

105 

85 

86 

75 

80 

66 

65 

65 

52 

42 

40 

32 


Width  of 

Flanges  in 

Incnes. 


6.75 
5Ji 
5Ji 
6.26 
6.25 
5.0 
4.75 
4.75 
4.5 
4.5 
4.25 
4.26 
4.0 
3.6 
8.0 
3.13 
3.0 
2.76 
2.62 
.75 
1.60 


Thickness 
of  Stem. 


M 
.40 
.39 
.32 
.46 
.37 
.82 
.31 
.27 
.27 
.25 
.27 
.23 
.30 
.25 
.26 
.22 
.24 
.20 


t 


Coefficient   for 

Strength  in 

LlMk,Bunimum 

weight. 


753,000 

608,000 

500,000 

407,000 

461.000 

344,000 

264,000 

262,000 

200,000 

192,000 

164,000 

161,000 

118,000 

104,000 

83,300 

67,000 

52,900 

41,200 

31,400 

2,660 

2,300 
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TBUSMTOH   UBIOir  MMAMB  AJn»   GKASHV 


• 

22 

3J 

■M 

^•^ 

.4 

_^ 

t34 

K 

!5  . 


is 

■g,o 


20 

272 

20 

200 

15ft 

200 

15A 

160 

15ft 

126 

12A 

170 

12ft 

126 

12 

120 

12 

96 

10ft 

136 

10ft 

106 

10ft 

90 

9 

126 

9 

86 

9 

70 

8 

80 

8 

66 

7 

66 

6 

120 

6 

90 

6 

60 

6 

40 

6 

40 

6 

ao 

4 

37 

4 

30 

4 

18 

I-Beams. 


61 
6 

6 
5 

5ft 

4.8 

5ft 
5ft 
5 

4i 

4 

4i 

*ft 

4 

*ft 

4 

3} 
5i 
6 

3ft 

3 

3 

3 

21 
2 


ft 

.6 

ft 

.42 

.6 

.47 

J39 

32 

.47 

I 

ft 

.67 

I 

.3 

« 

.3 
.3 

I 

ft 
.3 

ft 
ft 
ft 
ft 
ft 
ft 


I 


1,320,000 

900,000 

748,000 

661,000 

400,000 

611,000 

877,000 

375,000 

806,000 

860,000 

286,000 

260,000 

268,000 

199,000 

167,000 

168,000 

136,000 

101,000 

172,000 

132,000 

76,800 

62,000 

49,100 

38,700 

36,800 

30,100 

18,000 


8 

7 


6 
6 


CliannelB. 


16 

190 

4f 

i 

15 

120 

4 

h 

12ft 

140 

4 

H 

12ft 

70 

3 

•33. 

10ft 

60 

H 

1 

10 

48 

2ft 

ft 

9 

70 

3ft 

ft 

9 

60 

2ft 

.S3 

8 

46 

2ft 

.26 

8 

S3 

2.2 

.20 

7 

36 

2ft 

ft 

7 

»ft 

2 

.20 

6 

46 

2ft 

.40 

6 

33 

2J 

.28 

6 

22ft 

1ft 

.18 

5 

19 

1ft 

.20 

4 

16ft 

1ft 

.20 

3 

15 

1ft 

.20 

685,000 
4O1J000 
381,000 
900.100 


102,000 
146.1000 
lOMHO 


OBgOOO 


4B,700 
3S,OB0 


1S,110 
10,500 


Deck  Beams. 


66 
66 


*ft 

4ft 


I 
ft 


91.800 
03,500 


Strut    Ban. 


22 
16 


1ft 
1ft 


ft 

ft 


11309 
9,109 
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•f  Am 


In  all  CMM  a  large  munber  of  tests  were  made  of  each  wood.  Minimum 
and  maximinn  results  only  are  slTen.  AM  of  the  test  specimens  had  a  sec- 
tional area  of  1J576  x  1^75  inohes.  The  transTerse  test  specimens  were 
88^  inches  between  supports,  and  the  compressive  test  specimens  were 

3    PI 
12.60  inches  long.    Modulus  of  rupture  calculated  from  formula  •'^  =  o  km'* 

P=  load  in  pounds  at  the   middle,   2  =  length  in  inches,   6  =  breadth, 
d  =  d^th : 


Name  of  Wood. 


Cucumber  tree 

S'ellow  poplar,  white  wood  .  . 
White  wood,  Basswood  .  .  . 
Bugar  maple,  Bock  maple     .    . 

Bed  maple 

Locust  

Wild  cherry 

Sweet  gum 

Dogwood 

3our  gum,  pepi>eridge    .    .    .    . 

Persmimon 

White  ash 

Sassafras 

311ppery  elm 

White  elm 

Sycamore,  Buttonwood  .  .  . 
Butternut,  white  walnut  .    .    . 

Black  walnut 

IheUbark  hickory 

^gnut 

^hlteoak 

iedoak 

Slack  oak 

Tbestnut 

S«ech 

1/anoe  birch,  paper  birch  .    .    . 

Tottonwood 

P^hite  cedar 

led  cedar 

?ypress 

white  pine 

(prucepine 

iOng-leaved  pine,  Southern  pine 

¥hite  spruce 

leraloek 

ted  flr,  yellow  flr  .....    . 


Trknsverse 

Tests, 

Modulus  of 

Buptnre. 


ICin. 


7440 


67S0 
9680 
8610 

12900 
8810 
7470 

10190 
9830 

18600 
6660 
6180 

10220 
8280 
0720 
4700 
8400 

14870 

11660 
7010 
9700 
7900 
6060 

13860 

11710 
8390 
6810 
6040 
9630 
6810 
3780 
9220 
9000 
7690 
8220 

10000 


Max. 


2060 
1756 
1630 

20130 
3460 

21730 
6800 
1130 
4660 
.4300 
0290 

1680O 
0160 
3862 

16070 
1300 
1740 
6320 

20710 

19430 


0 
8420 

12870 
8840 
7610 
3430 
9630 

16100 
0030 
1630 
0980 

21000 
1660 
4680 
7920 
6770 


Compression 

Parallel  to 

Qrain,  pounds 

per  sq.  in. 


Min. 


4600 
4160 
8810 
7400 
6010 
8330 
6830 
6630 
6260 
6240 
0660 
4520 
4060 
6080 
4800 
4800 
6480 
6940 
7660 
7400 
5810 
4860 
4640 
3680 
6770 
6770 
3790 
2060 
4400 
6000 
S750 
2680 
4010 
4150 
4600 
4880 
6810 


Max. 


7410 
5790 
6480 
9040 
7600 

11940 
9120 
7620 
9400 
7480 
8080 
8830 
6070 
8790 
8040 
7340 
6810 
8850 

10280 
8470 
9070 
8970 
8660 
6660 
7840 
8690 
6010 
6810 
7040 
7140 
6800 
4680 

10800 
6300 
7420 
9800 

10700 
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BUXJB.  —  Tojhid  the  aaft  imifcrwd^  dUiributed  load  in  toni  for  irhlto  pino 
or  spruce  beams,  multiply  the  number  giren  in  the  above  table  by  the  thick- 
ness of  the  beam  in  inches.  For  beams  of  other  wood,  multiply  also  by  the 
following  numbers : 

White  Oak.       Hemlock.       White  Oedar.       Yellow  Pine.       Chestnut. 
1.45  .98  .eO  1.60  1.06 

Vonsivlse  for  ITlUtc  JPImc  Beaaie. 

Subject  to  Tibration  from  live  loads. 

w  =  safe  load  in  pounds,  less  weight  of  beam. 
I  =  length  of  beam  in  inches. 
d  =  depth  of  beam  in  inches. 
6  =  breadth  of  beam  in  inches. 

^or  a  beam  fixed  tU  one  end  and  loaded  at  the  other: 

1000  M> 

JFor  a  beam  fixed  cU  one  end  cmd  uniformly  loaded : 

1000  M> 

For  a  beam  tupporiedat  both  eiuU  and  loaded  at  the  middle : 

aOOOftd* 

JFbra  beam  mpported  at  both  end*  and  vn^formljf  loaded: 


w  = 


Zl 


NOTX.^In  placing  rery  heary  loads  upon  short,  but  deep  and  strong 
beams,  care  should  be  taken  that  the  beams  rest  for  a  sufficient  distance  on 
their  sunwrts  to  prevent  all  danger  from  cmehing  or  ehearing  at  the  ends. 
Ordinary  timbers  crush  under  6|000  lbs.  per  square  ineh.  To  assure  a  safety 
of  beam  against  crushing  at  the  end,  divide  half  of  the  load  by  1000 ;  the 
quotient  will  be  the  least  number  of  square  inches  of  base  that  should  be 
allowed  for  each  end  to  rest  on. 


Vable  of  Aafe  JLmmA  for  M«dler«tel7  AMMOMcd  ind««  PiMe 

l^trmtm  •r  PiUmra. 

The  following  table,  exhibiting  the  approximate  strength  of  white  pine 
struts  or  pillars,  with  flat  ends,  is  outlined  and  interpolated  from  the  rule 
of  Bondolet,  that  the  safe  IcMui  upon  a  cube  of  the  material  being  regarded 
as  unity)  the  safe  load  upon  a  post -whose  height  is. 


13  times  the  side  yriW  be 

24 

II 

86 

M 

46 

•4 

60 

l« 

ra 

<« 

t 


700  pounds  per  square  inch  is  assumed  as  the  safe  load  upon  a  cube  of 
white  pine. 

The  strength  of  each  strut  is  considered  with  reference  to  the  first-named 
dimension  <n  its  cross  section,  so  that  if  the  second  dimension  is  less  than 
the  first,  the  strut  must  be  supported  in  that  direction,  to  fulfill  the  condi- 
tions of  the  computation. 

The  strength  of  pillars,  as  well  as  of  beams  of  timber,  depends  much  on 
their  dearee  of  teaeowina.  Hodgkinson  found  that  perfectly  seasoned  blocks 
3  diameters  Isng,  required  in  many  cases  twice  as  great  a  load  to  crush 
them  as  when  only  moderatcdy  dry.  This  should  be  borne  in  mind  when 
building  with  green  timber. 
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1.    ftttfe  miitribvtedl 

Oae  lach  Im  ITIdth, 

(C.  J.  H.  Woodbury.) 

(If  the  load  ia  concentrated  at  the  center  of  the  span,  the  beams  vill  fa^ 
tain  half  the  amount  as  giren  in  the  table.) 


• 

1 

Depth  of  Beam  in  Inehaa. 

f4 

3       4 

6      6 

7 

8 

9 

10 

11 

12 

18 

14 

16     ' 

1 

» 

1 

Load  in  Pounds  per  Foot  of  Span. 

6       38 

86    164 

24 

10  346 

470 

614 

778 

900 

6       27 

60   107 

1( 

n   240 

327 

427 

640 

667 

807 

7       20 

44     78 

IS 

S   176 

240 

314 

307 

490 

593 

705 

828 

8       16 

34     60 

J 

H   136 

184 

240 

80ft 

375 

464 

640 

634 

736 

9       .. 

27     47 

t 

r4   107 

146 

190 

240 

296 

368 

427 

601 

681 

687 

a 

10 

22     38 

< 

N>     86 

118 

154 

194 

240 

290 

346 

406 

470 

540 

€U 

11 

..     32 

t 

W     71 

97 

127 

161 

198 

240 

286 

885 

380 

446 

80 

13 

..     27 

i 

12     60 

82 

107 

136 

167 

202 

240 

282 

827 

375 

4H 

13 

»     61 

70 

90 

116 

142 

172 

206 

240 

278 

320 

an 

14 

n    44 

60 

78 

99 

123 

148 

176 

907 

240 

276 

w 

16 

27     38 

62 

68 

86 

107 

129 

164 

ISO 

2QB 

240 

0 

16 

.     34 

46 

60 

76 

94 

113 

136 

158 

184 

211 

Mi 

17       .. 

.     30 

41 

63 

67 

83 

101 

120 

140 

163 

187 

sc 

18 

36 

47 

60 

74 

90 

107 

126 

146 

167 

00 

19 

43 

54 

66 

80 

98 

112 

130 

160 

nt 

20 

38 

49 

60 

73 

86 

101 

118 

136 

151 

21 

44 

64 

66 

78 

92 

107 

122 

t» 

22       .. 

•   • 

60 

60 

71 

84 

97 

112 

IS 

23 

•    • 

45 

66 

66 

77 

89 

102 

nt 

2ft 

•   • 

• 
« 

60 

00 

70 

82 

94 

UK 

25 

«    • 

«   • 

46 

66 

65 

75 

86 

m 

lMa*ril»«te« 
tloleBi  to 


■poM  0o«tliei 
mUuaAmva  MAmmU 

(0.  J.  H.  Woodbury.) 


I 

i 

OD 

~6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

81 

32 

28 

24 


Depth  of  Beam  in  Inches. 


2 


6 


8 


9 


10 


11      12 


Load  in  Pounds  per  Foot  of  Span. 


3 

2 


10 

7 
6 

4 


23 

16 

12 

9 

7 

6 


44 
31 
23 
17 
14 
11 
9 


n  1122 
63  86 
38 
30  48 
24  38 
19  30 
16  26 
13  21 
11  18 
16 
14 


188 
126 
93 
71 
66 
46 
38 
32 
27 
23 
20 
18 
16 


269 

180 

132 

101 

80 

66 

54 

45 

38 

S3 

29 

26 

22 

20 

18 


247 
181 
139 
110 
89 
73 
62 
63 
46 
40 
36 
31 
27 
26 
23 
20 


241 
186' 
146 
118 
98 
82 
70 
60 
63 
46 
41 
87 
33 
80 
3T 
94 
28 


MA^ONBT. 
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Briok-Work. 

Brlek  work  is  generally  measured  by  1000  brlok»  laid  in  the  wall.  In  oon- 
Boqueuce  of  variatlonB  in  size  of  bricks,  no  rule  for  volume  of  laid  brick  can 
l>e  exact.    The  following  scale  is,  however,  a  fair  average. 

7  common  bricks  to  a  super,  ft.  4-inch  wall.  • 

14       »•  "         "  "         »-lnch     •• 

21       '•  »*         ••  "        13-inch      " 

28       "  "         ••  "       18-lnch     »• 

35       "  *•         »*  •*       22-inch      " 

Comers  are  not  measured  twice,  as  in  stone-work.  Openings  over  2  feet 
square  are  deducted.  Arches  are  counted  from  the  spring.  Fancy  work 
counted  1^  bricks  for  1.    Pillars  are  measured  on  their  face  only. 

One  thousand  bricks,  closely  stacked,  occupy  about  56  cubic  feet. 

One  thousand  old  bricks,  cleaned  and  loosely  stacked,  occupy  about  72  ca- 
ble feet. 

One  cubie  foot  of  foundation,  with  one>foarth  inch  joints,  contains  21 
bricks.    In  some  localities  24  bricks  are  counted  as  equal  to  a  cubic  foot. 

One  superficial  foot  of  gauged  arches  requires  10  bricks. 

Btf>ok  bricks  oDBunoaly  measure  H  inches  by  4i  inches  by  £|  inches,  and 
weigh  from  6  to  6  lbs.  each. 

Pavins  bricks  should  measure  9  inches  by  4^  inches  by  1}  inches,  and 
weigih  about  4^  lbs.  each. 

One  yard  of  paving  requires  36  stock  bricks,  of  above  dimensions,  laid  flat, 
or  52  on  edge;  and  36  paving  bricks,  laid  flat,  or  82  on  edge. 

The  following  table  gives  the  usual  dimensions  of  the  bricks  of  some  of 
the  principal  makers. 


Descripticm. 


Inches. 


Description. 


Inches. 


Baltimore  front . 
Philadelphia  front 
Wilmington  front 
Trenton  front 
Croton    .... 
Ck>labaugh .    .    . 


8ix4ix2| 

8*X4    X2| 
8ix3|x2} 


Maine  .... 
Milwaukee  .  . 
North  Kiver  . 
Trenton   .    .    . 

Ordinary .    .    . 


m.^  u..4«v       i  Valentine's  (Woodbridge,  N.  J.)    .    .    8}  x  4f  x  2|  Inches 
F!re  BrtcJt  —  I  Do^ntng's  (Allentown,  Pa.)  .    .    .    .    9    x  4^  x  4  Inches 

7b  compute  the  number  of  Mcki  in  a  square  foot  qf  irall.  —  To  the  face 
dimensions  of  the  bricks  used,  add  the  thlcKness  of  one  loint  of  mortar,  and 
multiply  these  tc«ether  to  obtain  the  area.  Divide  144  sauare  inches  by 
this  area,  and  multiply  by  the  number  of  times  which  the  aimensiou  of  the 
brick,  at  right  angles  to  its  face,  is  contained  in  the  thickness  of  the  wall. 


EXAXPLR.  —  How  many  Trenton  bricks  in  a  square  foot  of  12-lnch  wall, 
the  joints  behig  }  inch  thick  ? 

8Tj  X  2m  =  20.62  ;  144  -^  20.62  =  7  ;  7  X  3  =  21  bricks  per  square  ft. 
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^Telrhi 


Halle  mf 


GroM 

Tons. 

Pounds. 

Gii.ft. 

1 

22«0 

22.4 

•  0.0M64 

100 

1 

2.23 

6000 

60.00 

2.4 

6376 

63.76 

2.e2 

6872 

68.72 

2.88 

6461 

64J(1 

by  itself. 
C.  Brick.     F.  Brick. 


Number  of  Brioks, 
ixiwaU 


448 
20 
1000 
1076 
1130 
1240 


J6 

TS 
01 
983 
ItM 


daeiii«d  to 


One  perch  of  stone  is  24.76  cubic  feet. 

In  New  York  Oity  laws  a  cubic  foot  of  brick-work  ia 
116  lbs. 

Building-stone  is  deemed  to  weigh  160  lbs.  per  cubic  foot. 
The  safe  load  for  brick-work  according  to  the  New  Tork  Cltj 
follows:— 
In  tons  per  superficial  foot, 

FOr  good  lime  mortar 8    tons. 

For  good  lime  and  cement  mortar  mixed   .    li^  tooM. 
For  good  cement  mortar 15 


Lsvfii" 


IE 


cli  for  Bricks,  fttoBM, 


€irmahim^Mj9Wtid  tM  Pom»4s 


Lbs.pr 
Sq.Ia 


Brick,  common  (Eastern) 

Brick,  best  pressed 

Brick  (Trautwine) 

Brick,  pavii^,  average  of  10  varieties  (Western) 

Brick-work,  ordinary 

Briok-work,  in  good  cement 

Brick-work,  first-class,  in  cement 

Concrete  (1  part  lime,  3  parts  gravel,  8  weeks  old) 

Lime  mortar,  common , 

Portland  cement,  best  English, 

Pure,  three  months  old 

Pure,  nine  months  old 

1  part  sand,  1  part  cement, 

Three  months  old , 

Nine  months  old .    .    . 

Granites,  7760  to  22,760 

Blue  granite.  Fox  Island,  Me 

Blue  granite,  Staten  Island,  N.  T 

Gray  granite.  Stony  Greek,  Ck>nn , 

North  Biver  (N.  T.)  flagging , 

Limestones,  11,000  to  26,000 

Limestone  from  Glen's  Falls,  N.  T 

Lake  limestone.  Lake  Champlain,  N.  T. .    .    . 

White  limestone,  Marblehead.O 

White  limestone  from  Jollet,  111 

BCarbles, 

From  East  Chester,  N.  T 

Common  Italian 

Vermont  (Southerland  Falls  Co.) 

Vermont,  Doreet,  Vt 

Drab,  North  Bay  Quarry,  Wis 


mm 

770to4« 

7190 
300  to  SOI 
460  to  Ml 


m 


laoot 

MKS 


nm 


iitt 

10889 
703 


MISCBLLANBOCS    UATEREAL8. 
«a  VltlBiaM  CrmmMmfMi^mHi  —  QmUiuiid. 


_a,  HiVontmw,  N'.  Y,  .  . 
Bad-brovn,  Stueoa  Ireeatone, 
Freeitoiw,  DorsbMMr  "  " 
LongmMwlciir  euidaltii 


SprlDgflflld,  Mbh.  . 


^^^'/'iC^ 

ova     HATBHIAK^. 

•alt  Cappor  m  V*M. 

lh«. 

Poondt 

iDChM, 

P,».d.. 

M.^. 

Panuds. 

3^ 

i 

P 

II 

Walfk* 

•rskM 

a  ■ 

larBn 

tm. 

Irl. 

■ss:* 

Bound 

Tln,.V. 

-l,„l..r.. 

H.n. 

'"■■''■•■ 

lit.  l..„g. 

.t 

1^ 

?!! 

s 

j-ai 

H^ 

C*a*pMltiM  .r  VBri« 

■■  eraHei  aT  ■•ll«a  Btul 

TrkdaMtinie. 

Copixr, 

Zlna. 

It. 

L»i 

OTok.1. 

«0 

s 

38^ 
40 

40 

1 

iV 

4'' 

»£roi»i..«,i:  ;: 

w' 

I 


'4 


P 


'^asJ|S!ESS3S§U3SgicS^5S 


3liiilii^555i=5=^S55ia!a 


3 

lb 


||8' 
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Ohabcoal  Bopx.    For  Ship's  Rigging  and  Guys  for  Derricks. 


8 


ft 


^11 


22 

21 

19 

1» 

W 

12 

10 

» 

8 


1^ 

OSOCQ 


11 

10 

9* 
9. 
81 
8 

6 


»4  j3  OS 

AoqHS 


43 
40 
85 
33 
30 
26 
23 
20 
16 
14 
12 
10 


8.- 
•I 

8c 


2 

I 

1 
1 


t 

2 
2 
1 
1 


^1 
OPROOQ 


Aqq^ 


•r  H»«lac«  Rope.     (RoeMiai**) 

Composed  of  6  Strands  and  a  Hemp  Center,  7  Wires  to  the  Strand. 

SWEDISH  IBON. 


Trade 
dumber. 


11 
13 
IS 
14 
16 


16 
17 
18 
19 
20 


21 
22 
28 
24 
26 


Diameter 

in 
Inches. 


Approxi- 
mate Clr- 
oomfer- 
encein 
Inches. 


Weiffht 

per  Foot 

in  Pounds. 


8JS6 
3.00 
2.46 
2.00 
1.58 


1.20 
0.88 
0.75 
0.62 
0.60 


Approxi- 
mate 
Breaking 
Strain  in 
Tons  of 
2,000  Lbs. 


Allowable 

Working 

Strain  in 

Tons  of 

2,000 
Pounds. 


34 
20 
24 
20 
16 


0.38 
0.30 
0.22 
0.16 
0.126 


12 
8.3 
7.8 
6.6 

4.2 
3.3 
2.4 
1.7 
1.4 


6.80 
6.80 
4^ 
4.00 
3.20 


2.40 
1.86 
1.68 
•1.32 
1.06 


0.84 
0.66 
0.48 
0.34 
0.28 


Mini- 
mum Sice 

of 

Drum  or 

Sheaye 

in  Feet. 


? 

3 


4 


CAST  8TKKL. 


11 

12 
18 
14 
15 


16 
17 
18 
19 
20 


21 
22 
28 
94 


4 


34S6 
3.00 
2.45 
2.00 
1.68 


1.20 
0.88 
0.76 
0.62 
OJiO 


0.38 
0.30 
0.22 
0.15 
0.126 


68 
68 
48 
40 
32 


24 

18.6 

16.8 

13.2 

10.6 


8.4 
6.6 
4.8 
8.4 
2.8 


13.6 
11.6 
8.60 
8.00 
6.40 


4.80 
3.72 
8.16 
3.64 
2.12 


1.68 
1.32 
0.86 
0.68 
0.66 


3 


it 
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AtaMdttrd  KoUtiiftr  Rope. 

Composed  of  6  StrandB  and  a  Hemp  Center,  19  Wlref  to  the  Strand. 

SWXDISH  IBOH. 


u 
o 

.o 

i 

•s 


1 

2 
8 


4 
6 

6 


7 


8 

9 

10 


101 
lOa 
106 
10c 
lOd 


is 


SS 
4 


2 
1* 


Weight 

per  Foot  in 

LbB. 


1196 
9.86 
8.00 
6.90 
4.86 


4.16 
3.66 
8.00 
2.46 
2.00 


1.68 
1.20 
0.80 
0.62 
OJSO 


0.39 
0.30 
0.22 
0.16 
0.10 


Ap. 
eaki] 


Breaking 

Strain 

in  Tons 

of 

2,000  Lb«. 


114 
96 
78 
e2 
48 


42 
36 
31 
26 
21 


17 
13 
9.7 

es 

6JS 


4.4 

8w4 

1.7 
L2 


Allowable 

Working 

Strain  in 

Tons 

of  2,000 

Lh0. 


22.8 
18J» 
16.00 
12.40 
9.00 


8.40 
7.20 
6.90 
6jOO 
4.20 


3.40 
2.00 
1.94 
1.38 
1.10 


0.88 
a68 
060 
084 
0.94 


Min. 

of 

I>nun  or 

ShaaTe 

in  Fooi. 


16 
15 
13 
12 
10 


7 

? 


3 

4 


u 

1 

f 


CAST  STBEL. 


1 
2 
3 


4 
6 

6^ 

6 

7 


8 

9 

10 

13 


101 
lOa 
106 
10c 


9k 


2 
1} 


11.96 
9.86 
8.00 
6.30 
4.86 


4.15 
3Ji6 
3.00 
2.46 
2.00 


1US8 
1.20 
0.89 
0.62 
0.60 


0.39 
0.30 
0.22 
0.16 
0.10 


228 
190 
166 
124 

96 


84 
72 
62 
60 
42 


34 

26 

19.4 

13.6 

lljO 


8.8 
6.8 
6.0 
3.4 
2.4 


46.6 
37.9 
81.2 
218 
19.2 


16.8 
14.4 
12.4 
10.0 
8.40 


6.80 
6.20 
3.88 
2.72 
2.20 


1.78 
1.86 
1.00 
0.68 
0l48 


10 

? 

n 


4 

? 


I 
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STB  AM. 

Polate  to  IteaieBiber  la  AelectiBr  a  Holler. 

(a)  Suitability  o(  fomaoe  and  boiler  to  kind  of  fuel. 

[b)  Effloienoy  u  to  evaporative  reeolts. 
(6)  Rapidity  of  BteamlnK  including 

(I.)  "Water  capacl^  for  elren  power. 
(II.)  Water  Borfaoe  for  gfyen  power. 

(d)  Steam  keeping  qualities. 

(e)  Safety  from  explosion. 
(/)  Floor  space  required. 

(g)  Portability,  and  ease  with  which  boiler  can  be  remored  when  old,  for 
■eplacement  by  a  new  boiler.  ^ 

(A)  Amount  of,  ease  of,  and  rapidity  of  repairs. 
(I)  Simplicity  and  fewness  of  parts. 

Ability  to  stand  foroinff  In  case  of  necessity. 

Price,  including  cost  of  freight  and  setting. 


I 

(k)  Price,  including  cost  of  fre 

m  Durabili^  and  reliabUity. 

(m)  Base  of  cleaning  and  inspei 


Base  of  cleaning  and  inspection  both  inside  and  outside, 
(n)  Freedom  from  excessive  strains  due  to  unequal  expansion  and  ability 
)  withstand  same. 

(o)  Efficient  natural  circulation  of  water. 
(p)  Absence  of  joints  or  seams  where  flames  may  impinge. 
For  central  stations  It  is  necessaryto  arrange  for  a  number  of  boilers 
ither  than  one  or  two  large  ones.  The  sixe  of  unit  adopted  will  depend 
»  some  extent  on  the  character  of  the  expected  load  diasram.  With  a 
umber  of  boilers  the  cost  of  the  reserve  plant  is  reduced,  though  beyond, 
ij  six,  there  is  lees  object  in  increasing  the  number  on  this  account. 

Borisontal  Jtotura  Tal»«ls»r.— More  generally  used  in  United 
ates  than  any  other.  Fire  first  passes  under  the  shell,  returns  to  front 
rough  tubes,  thence  up  the  chimney,  except  In  some  cases  gases  are  Main 
turned  over  top  of  the  shell.  Idmlted  as  to  sixe  and  pressures  carrlea  by 
leon  of  external  firing. 

IFator-tabe.— Very  largely  used  where  high  steam  pressures  or 
!etv  from  explosion  are  desirable.  Fire  passes  about  the  exterior  of  tubes 
i.  In  moat  cases  under  about  one-half  the  circumference  of  the  steam 
una.  Can  be  built  for  any  size  or  pressure.  Tubes  are  generally  placed 
a  slantine  position,  from  one  set  of  headers  to  another,  as  In  the  Babcock 
P^ilcox,  Heine  ft  Go. ;  or  vertically,  as  in  the  Sterling  and  Cahall. 
(^•rtlossl  Wir9  Tobo.  —  Used  considerably  in  New  England.  Spe- 
1  design  by  Oaptain  Manning;  tubes  16  feet  long  2^  Inches  diameter, 
anged  In  rertical  shell  with  large  combustion  chamber  surrounded  by  a 
ter  leg.  Q-ases  mingle  in.  combustion  cluunber,  and  in  passlne  through  the 
g  narrow  tubes  give  ap  nearly  all  the  heat,  practicably  leaving  flue  gases 
Jp  'S?^,*''  ®y  controlling  neight  of  water,  steam  can  be  superheated. 
^  5H  w     '°L^**'*  pressures  and  of  large  site. 

f/^*?i^S  ^™rtiio  notion.  —  Not  much  used  for  electrical  purpose«. 
I  2K5  ™**«rf»li  short  In  length  and  large  In  diameter.  Furnaces 
tniai,  witn  return  tubes  from  combustion  chamber  to  uptake. 
1?K /H??  i?f  *^®  cylinder  boiUr,  of  small  diameter  and  considerable 
p«n  {^M  to35  feet).  Fired  externally,  and  gases  pass  under  full  length  to 
f°*y-  Si^  6oi/er,has  two  or  three  large  tubes  running  full  length  of 
J,  wmcb  is  long  and  of  small  diameter.  Fired  externally  under  the  shell, 
»  return  through  the  flues  to  uptake.  Neither  of  these  types  is  now 
I  for  electrical  purposes. 

Vho  Hono-Powor  of  Atooos  Jloilor. 

lie  oommittee  of  the  A.  S.  M.  E.  on  "Trials  of  Steam  Boilers  In  1884" 
IAS.,  vol.  vl.  p.  286),  discussed  the  question  of  the  horse-power  of  boilers : 
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The  Committee)  A.8.M.E.  see  Trans,  vol.  xxi.)api»roTes  the  eonehuietit  of 
the  1886  Code  to  the  effect  that  the  standard  "  unit  of  oTaporation  *'  should 
be  one  pound  of  water  at  212°  F.  eraporated  into  dry  steam  of  the  same 
temperature.    This  unit  is  equlTalent  to  966.7  British  thermal  units. 

The  committee  reoonmienUs  that,  as  far  as  possible,  the  capacity  of  a 
boiler  be  expressed  in  terms  of  the  ^*  number  of  pounds  of  water  evaporated 

8er  hour  from  and  at  212°.*'  It  does  not  seem  expedient,  however,  to  abaa- 
on  the  widely  recognised  measure  of  capacity  of  stationary  or  laiid  boUen 
expressed  in  terms  of  **  boiler  horse>power.'* 

The  unit  of  commercial  boiler  horse-power  adopted  by  the  Conunittee  of 
1886  was  the  same  as  that  used  in  the  reports  of  the  boiler  tests  made  at  the 
Centennial  Exhibition  in  1876.  The  Committee  of  1886  reported  in  favor  of 
this  standard  in  language  of  which  the  following  is  an  extract : 

«*  Your  Committee,  after  due  consideration,  has  determined  to  aocept  the 
Centennial  standard,  and  to  recommend  that  in  all  standard  trials  the  oom- 
mercial  horse>power  be  taken  as  an  evaporation  of  30  pounds  of  water  per 
hour  from  a  feed-water  temperature  of  10U°  F.  into  steam  at  70  pounds  gauge 
pressure,  which  shall  be  considered  to  be  equal  to  d4|  units  of  evaporatloii ; 
that  is,  to  844  pounds  of  water  evaporated  from  a  feed-water  temper- 
ature of  212°  F.  into  steam  at  the  same  temperature.  This  standara  is 
equal  to  33,306  thermal  units  per  hour." 

The  prraent  Committee  accepts  the  same  standard,  but  reverses  the  order 
of  two  clauses  in  the  statement,  and  slightly  modifies  them  to  read  as  follows : 

The  uAit  of  commercial  horse-power  developed  by  a  boiler  shall  be  taken 
as  3M  units  of  evaporation  per  hour ;  that  is.  84  pounds  of  water  evaporated 
per  hour  from  a  feed-water  temperature  of  2£2i°  F.  into  dry  steam  of  the 
same  temperature.  This  standard  is  eoual  to  33,317  British  thermal  units 
per  hour.  It  is  also  practically  equivalent  to  an  evaporation  of  30  pounds 
of  water  from  a  feed-water  temperature  of  100°  F.  into  steam  at  70  pounds 
gauge  pressure.* 

Tne  Committee  also  indorses  the  statement  of  the  Committee  of  1886  eon- 
eeming  the  commercial  rating  of  boilers,  changing  somewhat  its  wording,  so 
as  to  read  as  follows : 

A  boiler  rated  at  any  stated  capacity  should  develop  that  eapaeltjf  when 
using  the  best  coal  ordinarHy  sold  1b  the  market  where  the  boiler  is  located, 
when  fired  by  an  ordinary  fireman,  without  forcing  the  fires,  while  exhibit- 
ing ffood  economy ;  and,  further,  the  boiler  should  develop  at  least  one- 
thhra  more  than  the  stated  capacity  when  using  the  same  fuel  and  operated 
by  the  same  fireman,  the  full  draft  being  employed  and  the  fires  being 
orowded ;  the  available  draft  at  the  damper,  unless  otherwise  undentood, 
being  not  less  than  ^  inch  water  oolunm. 

H«tttlHir  Smrface  of  Botleiv. 

Although  authorities  disagree  on  what  Is  to  be  considered  the  heating 
surface  of  boilers,  it  is  generally  taken  as  all  surfaces  that  transmit  hesi 
from  the  fiame  or  gases  to  the  water.  The  outside  surface  of  all  tubes  Is 
used  in  calculations. 

Kent  gives  the  followinK  rule  for  finding  the  heating  surface  of 

Vertical  T«b«l«r  Bolles*. — Multiply  the  circumference  of  the  fire* 
box  (in  inches)  by  Its  height  above  the  grate.  Multiply  the  combined  circum- 
ference of  all  the  tubes  by  their  length,  and  to  these  two  products  add  the  area 
of  the  lower  tube  sheet ;  from  this  sum  subtract  the  area  of  all  the  tubes, 
and  divide  by  144 :  the  quotient  is  the  area  of  heatingsurf ace  in  square  feet. 

HoriBontal  R«nirB  Tabnlar  BoUera.  --  gristle).  Multiply  the 
length  of  that  part  of  circumference  of  the  shell  (in  inches)  exposed  to  the 
fire  oy  its  length ;  multiply  the  circumferences  of  the  tube«  by  their  nxua- 
ber,  by  their  length  In  inches ;  to  the  sum  of  these  products  add  two-thirds 
of  the  area  of  both  tube  sheets  less  twice  the  area  of  tubes,  and  divide  the 
remainder  by  144.    The  result  Is  the  heating  surface  in  square  feet. 

Hottflac  0iirf«ce  of  TnbAS.— Mnmply  the  number  of  tubes  by  the 
diameter  of  a  tube  in  inches,  by  its  length  in  feet,  and  by  .2618.  The  diam- 
eter used  should  be  that  of  tne  fire  side  of  the  tube. 

•  According  to  the  tcMes  in  Porter'B  TreaH§e  on  the  JHckarde  Steam  JRi- 
gine  Indicator^  an  evaporoHon  of  30  poundi  qf  water  from  100^  F.  imto  Bteam 
a/  VOooundi  preeeure  i$  equal  to  an  evaporfuion  of  34.488  poundef^vm  and 
at  212° :  and  an  evaporation  of  34\  powuis  f)rom  and  at  212°  F,  is  equal  to 
30.010  pounds  JYom  100°  F.  into  eteam  at  70' pound*  preemre. 

The  "unit  of  evaporation"  beinq  emUvalent  to  965.7  thermal  «iittt,  Om 
QOmmercial  horee-power  =  34,5  x  965,7  =:  33J317  thermal  umitt. 
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HeiittBir  Smvfece  p«r  Horae-power.— There  is  little  uniformity 
of  practice  among  bnilders  as  to  the  amount  of  heating  surface  per  horse- 
power, but  12  square  feet  may  be  taken  ae  a  fair  average.  Babeock  A  Wil- 
eox  ordinarily  allow  10  square  feet,  but  usually  specify  the  number  of 
square  feet  of^heattng  surface.  The  Heine  Boiler  Company  allow  7^  square 
feet,  and  the  water-tube  type  in  general  will  develop  a  norse-power  for  that 
amount  of  surface. 

Spee^/tc<Ui<msfor  boiler  $  should  alway$  clearly  iUUe  the  amount  qf  hecUing 
eurfaoe  requirea, 

Oimte  smrfAce. — The  amount  of  grate  surface  per  horse-no wer  varies 
with  the  character  of  f  ucd  used  and  we  drau^t  that  is  avauable.  With 
good  quality  of  coal  about  equal  results  can  be  obtained  with  strong  draught 
and  small  grate  surface,  and  with  large  grate  surface  and  light  drau^t. 
Pittsburg  coal  gives  best  results  with  strong  draught  and  a  small  grate  sur- 
face. Tne  following  table  shows  the  usual  requirements,  but  in  general 
grate  surface  shoula  be  liberal  in  sixe,  anda  rate  of  oomoustion  of  about 
10  lbs.  per  hour  will  be  found  good  practice. 

Cerate  Surface  p«r  Horae-Power.    (Kent.) 


Ckx>deoaland 
boiler  .    .    . 

Fair   coal    or 
boiler  •    .    . 

Poor  coal    or 
boiler  .    .    . 

lignite      and 
poor  boiler  . 


ii& 


10 
9 

8.61 
8 
7 

6.9 
6 
5 

3.45 


1a;  a 


8.45 

3.83 

4. 

4.31 

4.93 

6. 

6.75 

6.9 

10. 


Pounds  of  Coal  burned  per  square  foot 
of  Orate  per  hour. 


8 


10 

12 

15 

20 

25 

30 

85 

40 


Square  Feet  Orate  per  H.P. 


^ 

.85 

.28 

.23 

.17 

.14 

.11 

.10 

.48 

.38 

.82 

.26 

.19 

.15 

.13 

.11 

M 

M 

.33 

.26 

.20 

.16 

.13 

.12 

M 

.43 

.36 

.29 

.22 

.17 

.14 

.13 

.62 

.49 

.41 

.33 

.24 

.20 

.17 

.14 

.63 

M 

.42 

.34 

.26 

.20 

.17 

.15 

.72 

.58 

.4« 

.38 

.29 

.23 

.19 

.17 

.86 

.69 

.58 

.46 

M 

.28 

.23 

.22 

1.26 

1.00 

.83 

.67 

JBO 

AD 

.38 

.29 

.09 
.10 
.10 
.11 
.12 
.18 
.14 
.17 


Area  of 

This  is  commonly  stated  in  a  ratio  to  the  grate  area.  Mr.  Barrus  says  the 
highest  efficiency  tor  anthracite  coal,  when  burning  10  to  12  lbs.  per  square 
foot  of  grate  per  hour,  is  with  tube  area  |  to  A  of  grate  surface ;  and  for  soft 
coal  the  tube  area  should  be  |  to  ^  of  the  grate  sunace. 

Other  rules  in  common  use  are  to  make  the  area  over  bridge  walls  (for 
horisontal  return  tubular  boilers)  ^  the  grate  surface ;  tube  area^  andduni- 
ney  area  }. 

Alr-apAce  !■  CFratea.  —  Usual  practice  is  30%  to  50%  area  of  grate  for 
air  space.  If  fuel  clinkers  easllv,  use  the  largest  air  space  available.  With 
ooal  free  from  clinker  smaller  air  space  may  oe  used. 


Uador  Sld«  of  Boiler  aad  Top  of  Oniie« 

(For  Horizontal  Tubular  Boiler.) 

For  anthracite  eoal  this  should  be  24  inches  for  the  larger  sises,  and  can 
be  20  inches  for  the  smaller  sizes,  such  as  pea,  buckwheat,  and  rice.  For 
bituminous  coals  non-caking,  the  grate  should  be  about  30  inches  below  the 
boiler,  and  for  fatty  or  gaseous  coals  from  36  to  48  inches.  For  average 
bituminous  ooals  the  distance  can  be  36  Inches.  Anthracite  and  bituminous 
eoals  cannot  be  economically  burned  In  the  same  fumaoe. 

Sfeam  Boiler. Bflcieacj. 

The  ratio  of  the  heat  units  utilized  in  making  steam  in  a  boiler,  to  the 
total  heat  units  in  the  ooal  used  is  called  the  efflofoney  of  the  boiler,  and  is 
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rated  in  per  ceni.  For  example,  the  heating  valae  of  good  aathraeite  ooal 
is  aboat  14*600  B.  T.  U.,  and  will  evaporate  from  and  at  212^^  15  lbs.  wat«r 

(14,500  -r  96^.  If  a  boiler  under  test  eTaporates  12  lbs.  water  per  pound  of 
oombostlble,  the  eflloienoy  will  be  — ^ —  =  80%,  a  figure  not  often  ob- 
tained, but  possible  under  special  conditions.  The  heating  Talue  of  bitumi- 
nous ooak  Taries  so  much  tliat  it  is  necessary  to  determine  it  by  a  ooai 
oaJorimeter  before  it  is  possible  to  determine  the  boiler  effloienoy. 

BtrmmgOk  of  JUvetcd  SImU. 

(Abridged  from  Barr  on  **  Boilers  and  Furnaces/') 
Wrought-iron  boUer-plates  should  aTerage  45,000  lbs.,  and  mild  steel  6S|OOI 
lbs.,  tensile  strexigthper  square  inch  of  section ;  but  the  gross  strength  d 
plate  is  lessened  by  the  amount  which  has  been  taken  out  of  it  for  themser- 
uon  of  riTcts. 

The  following  tables  give  the  calculated  working  pressure  for  double* 
riTeted  and  triple-riveted  lap  joints,  and  for  butt-tomw  triple  riyeted,  the 
factor  of  safety  being  5.  The  rule  for  calculating  the  safe  working  pressure 
is :  Multiply  together  the  tensile  strength  of  the  plate,  the  thickness  of  the 
plate  In  parts  of  an  inch,  and  the  efficiency  of  the  joint  (see  Riyetin^  ;  dirlde 
the  product  by  one-half  the  diameter  of  the  boiler  multiplied  by  we  factor 
of  safety. 

mr«  for  Cjllmdrical  Shelb  of  Bimmm  Boilen. 

Factor  qf  Sc^fetfft  6,    (Barr.) 


Thick- 
ness in 
16ths 
of  an 
Inch. 

Lap^oints,  Double-Riveted. 

LaprFoints,  Triple-Riveted. 

Diam- 
eter 
Inches. 

Iron 
BheU, 

Iron 
Rivets. 

Steel 
Shell, 

Iron 
RiveU. 

Steel 

Shell, 

Steel 

Rivets. 

Iron 
Shell, 

Iron 
Rivets. 

Steel 

Shell, 

Iron 

Rivets. 

Steel 

Shell, 

Steel 

Rivete. 

36 
40 
44 
48 
62 
54 
66 
60 
62 
64 
66 
68 
70 
72 

4 
5 
4 
5 
4 
6 
6 
6 
6 
6 
5 
6 
6 
6 
6 
6 
6 
7 
6 
7 
6 
7 
6 
7 
6 
7 
7 
8 

91 

112 
82 

101 
74 
91 
84 
99 
77 
92 
75 
88 
72 
86 
67 
79 
77 
88 
74 
86 
72 
88 
70 
81 
68 
78 
76 
86 

Ill 
128 
100 
115 
91 
106 
96 
107 
89 
98 
86 
96 
82 
92 
77 
86 
83 
92 
81 
89 
78 
87 
76 
80 
74 
82 
79 
89 

Ill 

187 

100 

123 

91 

112 

102 

121 

96 

112 

91 

106 

88 

104 

82 

97 

94 

108 

91 

106 

.   88 

102 

86 

99 

83 

96 

93 

104 

100 

124 
90 

112 
88 

101 
98 

110 
86 

102 
83 
96 
80 
96 
74 
88 
86 
98 
83 
96 
80 
93 
78 
90 
76 
87 
66 
97 

121 

130 

109 

126 

99 

114 

104 

118 

96 

109 

93 

106 

89 

101 

83 

96 

92 

108 

89 

100 

86 

97 

84 

94 

•81 

91 

69 

96 

123 
151 
110 
136 
100 
124 
114 
136 
106 
124 
101 
190 

97 
116 

91 
106 
104 
120 
101 
117 

96 
113 

96 

no 

92 
107 
104 

117 
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ITorklBir  PreMiir«  for  CyllmAvieml  Slielb  of 
Steami  lioilen.    (Barr.) 


Bntt  Joints,  Triple  Biveted.  Factor  of  S<tfety,  6, 

Diameter 
Inches. 

Thick- 
ness in 
16thsof 
An  inch. 

Iron 

SheU, 

Iron 

BiTets. 

Steel 

Shell, 

Iron  or 

Steel 

Bivets. 

Diam- 
eter, 
Inches. 

Thick- 
ness in 
IGthsof 
an  inch. 

Iron 
Shell. 

Iron 
BiTets.' 

Steel 
SheU, 
Iron  or 

Steel 
BlveU. 

4 

106 

134 

6 

83 

102 

36 

6 

136 

165 

70 

7 

97 

118 

6 

161 

197 

8 

110 

134 

4 

102 

127 

9 

123 

161 

38 

6 

128 

166 

6 

80 

99 

6 

162 

187 

72 

7 

94 

116 

4 

97 

120 

8 

107 

131 

40 

5 

121 

148 

9 

120 

147 

6 

146 

178 

7 

90 

110 

4 

93 

115 

75 

8 

102 

126 

42 

5 

116 

141 

9 

116 

141 

6 

138 

169 

10 

128 

167 

4 

89 

109 

7 

87 

106 

44 

6 

110 

135 

78 

8 

90 

121 

6 

132 

161 

9 

111 

136 

# 

4 

85 

106 

10 

123 

151 

46 

6 

106 

129 

8 

92 

112 

6 

126 

164 

9 

103 

126 

5 

101 

124 

M 

10 

115 

140 

48 

6 

121 

148 

11 

126 

158 

7 

141 

172 

12 

137 

167 

6 

97 

119 

8 

86 

105 

50 

6 

116 

142 

9 

96 

117 

7 

135 

166 

90 

10 

107 

131 

5 

93 

114 

11 

117 

143 

62 

6 

111 

137 

12 

128 

166 

7 

130 

169 

8 

80 

96 

6 

90 

110 

9 

90 

110 

54 

6 

107 

132 

96 

10 

100 

123 

7 

126 

163 

11 

110 

134 

6 

87 

106 

12 

120 

146 

56 

6 

103 

127 

8 

75 

92 

7 

121 

14B 

9 

86 

104 

5 

84 

102 

102 

10 

94 

116 

58 

6 

100 

123 

11 

104 

127 

7 

117 

142 

12 

113 

188 

6 

97 

118 

8 

71 

87 

60 

7 

111 

138 

9 

80 

98 

8 

128 

157 

108 

10 

89 

109 

6 

93 

115 

11 

98 

120 

62 

7 

100 

133 

12 

107 

130 

8 

124 

152 

8 

68 

83 

6 

90 

111 

9 

76 

93 

64 

7 

106 

129 

114 

10 

84 

103 

8 

120 

147 

11 

93 

lis 

9 

136 

166 

• 

12 

101 

123 

6 

88 

108 

• 

8 

64 

78 

66 

7 

102 

126 

9 

71 

88 

8 

117 

143 

120 

10 

80 

98 

0 

131 

160 

11 

88 

108 

6 

86 

106 

12 

96 

117 

68 

7 

99 

121 

8 

113 

138 

9 

127 

156 
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•afe  irorklmr  PreMvrw  for  Shell  Plato. 

v.  0.  StetntM.  — 

d  =  diameter  of  boiler  in  inches. 
P=  safe  workini;  pressure,  lbs.  per  square  inob. 
t  =  thickness  ofmetal  in  inches. 
w  =  tensile  strength  of  metal. 
k  =  factor  of  safety  =  6  for  U.  8.  and  4J»  for  Great  Britain. 

^ ~      dxS^  ^^^ single-rireted.    For donble-rireted, add 20%. 
JB«s»rd  of  XrsMle.-^ 

„_  tpx ^x  <xa 

~     <l  X  i'  X  100 

where  the  notation  is  the  same  as  in  U.  8.  role,  aad  B  =  rmrematM^m  of 
strength  of  joint  as  compared  with  solid  plate.  ^"^ 

R«l«a  ChoTcnilBir  Kuftpectioit  of  liollen  In  PMladelphUi. 

In  estimating  the  strength  of  the  longitudinal  seams  in  the  cylindrical 
shells  of  boilers,  the  inspector  shall  apply  two  formulie,  A  and  gV  ^^^^ 

Pitch  of  riveto  —  diameter  of  holes  punched  to  receive  the  riTeia 

pitch  of  rivets  "  ; = 

percentage  of  strength  of  the  sheet  at  the  seam. 

(  Area  of  hole  filled  by  rivet  x  No.  of  rows  of  rivets  in  seam  x  shear- 
B,  < ing  strength  of  rivet       

^        pitch  of  rivets  x  thickness  of  sheet  x  tensile  strength  of  sheet     ~ 
percentage  of  strength  of  the  rivets  in  the  seam. 

^?^^^*^®  lowest  of  the  percentages  as  found  by  formate  A  and  B,  and 
apply  ttiat  percentage  as  the  "  strength  of  the  seam  "  in  the  foUowing  foc^ 
mula,  C,  which  determines  the  strength  of  the  longitudinal  seams : 

(Thickness  of  sheet  in  parts  of  inch  x  strength  of  seam  as  obtained 
by  formula  A  or  B  x  ultimate  strength  of  iron  stamped  on  platea    _ 
internal  radius  of  boiler  in  inches  x  6  as  a  factor  of  safety         — 
safe  working  pressure. 

Safe  Working  Preeamre  for  Flsi*  Piatee. 

U.S.  Staniiea.— 

P  =  safe  working  pressure. 
S  =  surface  supported,  square  inches. 
t  =  thickness  of  metal  in  sixteenths  of  an  inch. 
k  =  constant  for  plates  of  dilTerent  thickness,  and  for  varioos  ooodl- 

tions. 
p  =  greatest  pitch  in  inches. 

X—  112  for  ^inch  plates  and  less,  fitted  with  screw  stay  bolts  and  nnte,  or 
plain  i>olt  fitted  with  single  nut  and  socket,  or  riveted  head  ^"H 
socket. 

jr=  120  for  plates  more  than  ^  inch  thick,  under  same  conditions. 

Jr=:  140  for  flat  surfaces  where  the  stays  are  fitted  with  nuts  inside  andont. 

ir=  200  for  flat  surfaces  under  same  conditions,  but  with  wash^  riveted  to 
plate,  washer  to  be  one-half  as  thick  as  plat^.  and  of  a  diameter  I 
pitch.  ' 
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No  brace  or  stay  on  marine  boilers  to  bave  a  greater  pltcb  tban  10| 
inebei  on  lire  boxes  and  baok  eonneotions.  Plates  fitted  with  double-aDgle 
Irons  rlToted  to  plate,  and  with  leaf  at  least  two-tliirds  thickness  of  plate, 
and  depth  at  least  one-foarth  of  pitch,  allowed  the  same  pressure  as  plate 
with  washer  rireted  on. 

BmmwA  of  XraAe.  —  Using  same  notation  as  in  U.  S.  rules : 

»_Ar«  +  l)», 
S  —  6 

JTsiaS  for  plates  not  exposed  to  heat  or  flame,  thestays  fitted  with  nuts 

and  washers,  the  latter  at  least  three  times  the  diameter  of  the  stay 

and  }  the  thickness  of  the  plate ; 
jr=  19! A  for  the  same  condition,  but  the  washers  |  the  pitch  of  stays  in 

diameter,  and  thickness  not  less  than  plate ; 
j:  =  900  for  the  same  condition,  but  doubling  mates  in  place  of  washers,  the 

width  of  which  is  }  the  pitch,  and  thicxness  the  same  as  the  plate ; 
K  =  112.6  for  the  same  condition,  but  the  stays  with  nuts  only ; 
if = 75  when  exposed  to  impact  of  heat  or  fiame  and  steam  m  contact  with 

the  plates,  and  the  stays  fitted  with  nuts  and  washers  three  times 

the  diameter  of  the  stay,  and  }  the  olate's  thickness ; 
K  =  87 J^  for  the  same  condition,  but  stays  fitted  with  nuts  only  ; 
iC  =  100  when  exposed  to  heat  or  fiame,  and  water  in  contact  with  the 

plates,  and  stays  screwed  into  the  plates,  and  fitted  with  nuts ; 
Jr=  06  for  the  same  condition,  but  stays  with  rlTcted  heads. 

Dsicttllt J  of.  Bolter  Plate.  —  U.  8.  Inspectors  of  Steam  Vessels. 

In  test  for  tensile  strength,  sample  shall  show  reduction  of  area  of  cross- 
section  not  less  than  the  rollowing  percentages : 

Iron. 

46,000  lbs.  tensile  strength  and  under 16  per  cent. 

ForeachadditlonallOWt.s.  up  to  66,000  t.s.  add   .     1       " 
66,000  lbs.  tensUe  strength,  and  aboTe 26       '* 

SUel. 

All  steel  plates  4  inch  thick  and  under 60  per  cent. 

"       »•         •"    } to} inch 46        " 

••       ••  •*    I  inch  and  aboTe 40       •• 


The  United  States  Regulations  on  braces  are :  "  No  braces  or  stays  here- 
after employed  in  the  construction  of  boilers  shall  be  allowed  a  greater 
strain  than  &000  lbs.  per  square  inch  of  section.  Braces  must  be  put  in  suf- 
ficiently thick  so  that  the  area  in  inches  which  each  has  to  support,  multi- 
plied by  the  pressure  per  square  inch,  will  not  exceed  6,000  when  divided  by 
the  cross-sectional  area  of  tne  brace  or  stay. 

**  Steel  stay-bolts  exceeding  a  diameter  of  1}  inches,  and  not  exceeding  a 
diameter  of  2|  inches  at  the  bottom  of  the  thread  may  be  allowed  a  strain 
not  ezeeeding  8,000  lbs.  per  square  Inch  of  cross-section ;  steel  stay  bolts 
exceeding  a  diameter  of '2i  inches  at  bottom  of  thread  may  be  allowed  a 
strain  not  exceeding  9,000  lbs.  per  square  inch  of  cross-section ;  but  no 
f orsed  or  welded  steel  stays  will  oe  allowed. 

**  xhe  ends  of  such  stay  may  be  upset  to  a  sufficient  thickness  to  allow 
for  truing  up,  and  including  the  depth  of  the  thread.  And  all  such  stayt 
after  being  upset,  shall  be  thoroughly  annealed." 
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]>lr«»ct  Braces.— The  following  table  is  giren  by  Mr.  Wm.  M.  Ban 

in  "  Boilers  and  Furnaoes,"  p.  122.    The  working  strength  aasumes  an  oltL 
mate  strength  of  6000  lbs.  per  square  inch  of  section. 


Diam- 
eter of 

Wrought  Iron 
Stays. 

Inches  square  each  Brace  will  Support  for 
rressures  per  Square  Inch. 

Brace 
Inches. 

Area 
sq.  In. 

Working 

Strength 

Pounds. 

76 
Pounds. 

100 
Pounds. 

126 
Pounds. 

ISO 

Pounds. 

1 

.60 

3800 

7.0 

6.0 

5.4 

4.9 

1 

.78 

4712 

7.9 

6J9 

6.1 

6.6 

li 

.99 

6064 

8.9 

7.7 

6.9 

9A 

1* 

1.23 

7362 

9.9 

8.6 

7.7 

7.0 

1| 

1.48 

8880 

10.7 

9J5 

8.6 

7.7 

H 

1.77 

10620 

11.9 

10.4 

9.2 

8.5 

DImmbaI  liracea.  —  (**  Boilers  and  Fornacee,'*  p.  129.)  These  must  be 
calculated  separately. 


Let 


Then 


A  =r  surface  to  be  supported  in  square  inches. 

B  =  working  pressure  in  lbs. 

Hz=  length  of  diagonal  stay  in  Inches. 

L  =  length  of  line  drawn  at  right  angles  from  surface,  to  be  sop- 

ported  to  end  of  diagonal  stay  in  inches. 
S  ^  working  stress  per  square  inch  on  stay  in  lbs. 
a  =  area  required  for  direct  stay  In  square  inches, 
a,  =  area  of  diagonal  stay  in  square  inches. 
T=  diameter  of  diagonal  stay  in  Inches. 


▼  .7864        ▼  . 


Ax  BXH. 

7864  S  xL* 


B  = 


.7864  xT*  xSxL 
AxU 


Water  tube  and  special  types  uf  boilers  require  special  settings  largelT 
controlled  by  local  conditions,  location  of  flues,  etc.,  and  cannot  be  tabulated 
here. 

The  setting  of  horizontal  refum  tubular  boilers  has  become  so  nearly 
standardised  that  the  table  following,  taken  in  connection  with  the  cute, 
will  give  all  the  seneral  dimensions  of  brick-work  required. 

For  all  special  Doiler  settings,  furnaces,  etc.,  the  render  is  referred  to  tlM 
makers  of  each. 
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THI    DBAUQBT  POWBB  01 

hetght. 

The  relanlliig  filotlan  of 
diminution  ot  lia  aotunl  U'es  bj'  a  liiji 
around  the  perimeter  of  iU  flue. 

' '  are*  of  flue  In  iMjuaro  I 


1  nxitt  M  the  aqnare  root  of  th* 
me;  atj  be  taken  aa  eqnlTaleot  to  a 


ro  IncliM  thick  all  the  i 


£=  effect 


,  of  flne  In  ■( 


i/sheigbt  InfeeC. 

II  =  dlHInetar  of  Hue  In  feel. 

D,  Slide  of  a  square  ohimoe;  egulralent  to  ^ 

Thon;  £=A—0.6^A.  (,, 

/Ji=VK+*linjh»i,  p, 

Horafrpower  =  3.33KVa  ,31 

The  above  toriaula  are  by  Kent,  and  are  bued  on  a  cananmptioo  of  i 

Iba.  coal  per  h,  p.  per  hour.     W.  V/.  Christie,  In  a  paper  read  before  il« 

A.S.H.B.,Trani.,  Tol.  iTlil.,  p.  38T,b1t«  aa  hla  opblon  that  a]  I  ohinuieTi 

•linuld  bn  compared  and  rated  by  using  coal  capacity  as  a  basis,  not  horM- 

the  following  table,  ooal  capacity  can  be  found  bf  maltlplji^ 


C 


i.p.  by  4. 


1 

Height  of  Cl.ln.iiBy. 

f!.\s.\i\s.\f;.\T\s\'if\s\s\s\^\^\s 

1 

30 

176 

4S 

2»i 

its 

257 
387 

210 

410 

S17 

na 

BOO 

laid 

B71 

i 

« 

3» 

m. 

MIS 
J4J 

7M 
S84 

S79 

am 

MHfl 
48M) 

BO 
108 

1« 

1300 

atei 

32n7 

1378 

3WB 

I9T6 

3360 

ssio 

MM 

iia 

3WI 

CHIMNEYS. 
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Tha  following  table*  will  prove  nsefal  to  tboee  liATiiig  to  do  with  elootiio 
Intftallationsi  and  gives  the  horse-power  of  chimneys  to  be  used  in  power 
plants  having  verv  efficient  engines,  such  as  compound  or  triple  expansion 
engines,  when  2  Ids.  of  coal  burned  under  the  Doller  produce  one  horse- 
power at  the  engine. 

Slse  of  GliiHUMj  for  Bimmmt  Boil«n. 

(W.W.Christie.) 


1 

Height  of  Chimney. 

1 

* 

£ 

eo' 

ef/ 

70^ 

80" 

90' 

100* 

llO'  12^ 

iSf/ 

17y 

200^ 

226' 

260^ 

300^ 

Horse-power  =  6.6  A'^H.    When  2  lbs 

.  coal  burned  per  hour  =:  1  H.P. 

18 
21 
24 
27 

30 
33 

84 
110 
144 
182 

228 

•  • 

92 
124 
166 
202 

248 
298 
358 

.  • 

98 
130 
170 
214 

266 
326 
384 
448 

626 

•  • 

104 
136 
182 
228 

286 
344 
410 
482 

664 

728 

•  • 

•  • 

196 
248 

306 
364 
436 
614 

692 

774 

982 

1210 

•  • 

•  • 

•  ■ 

•  • 

318 
384 
466 
640 

624 

820 

1084 

1274 

1648 
1840 

•  • 

•  • 

•  • 
«  • 

•  • 

404 
482 
666 

662 

868 

1066 

1338 

1618 
1924 
2262 
2620 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  ■ 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  •  • 

•  •  • 

• 

•  •  • 

•  •  • 

•  •  • 

38 

614 
604 

702 

016 

1168 

30 

... 

42 
48 

780 
1020 

19QA 

...     / 

64 

1806 
16B0 

2042 
2430 
2918 
8306 

8796 
4322 
4868 

6468 

6000 
6748 
8164 
9718 

...     I 
...     / 

60 

1480  I'tM 

...     i 

06 
72 
78 
84 

90 

96 

102 

108 

114 
120 
132 
144 

1730 
2102 
2412 
2802 

3218 
3000 
4134 
4628 

•  • 

•  • 

•  • 

1930 
2294 
2098 
3126 

3688 
40S2 
4608 

5168 

6768 
6382 
7722 
9192 

2184 
2000 

3048 
3636 

4062 
4622 
5214 
6860 

6614 

7222 

8736 

lOttO 

•  •  • 

2766 
3238 
8760 

4310 
4002 
6532 
6202 

6910 

7668 

9262 

11030 

3412 
3962 

4638 

6168 
6830 
6688 

7286 

8074 

9764 

11622 

-■■A 

4330     \ 

4972 
6662 
6860 
7166 

7962 

8810 
10700 
12734 

cnui 

A  briok  chimney  shaft  is  made  up  of  a  series  of  steps,  each  of  which  is  of 
uniform  thickness,  but  as  we  ascend  eacb  succeeding  step  is  thinner  than 
the  one  it  rests  upon.  These  bed  joints  at  which  the  thickness  changes  are 
the  Joints  of  least  stability.  The  Joints  and  the  one  at  the  ground  line 
are  the  only  ones  to  which  it  is  necessary  to  apply  the  formulas  for  deter- 
minluff  the  stability  of  the  stack. 

The  neight  of  the  different  steps  of  uniform  thickness  varies  greatly,  a»* 
cording  to  the  judgment  of  the  engineer,  but  170  feet  is,  approximately,  the 
extreme  height  that  any  one  section  should  be  made.  This  length  is  seldom 
approached  even  in  the  tallest  chimneys,  as  the  brick-work  has  to  bear,  in 
addition  to  its  weight,  that  due  to  the  pressure  of  the  wind.  The  steps 
should  not  exceed  about  90  feet,  unless  the  chimney  stack  is  inside  a  tower 
which  protects  it  from  the  wind.  In  chimneys  from  90  to  120  feet  high  the 
steps    Tary  frocn  17  to  25  feet,  the  top  step  being  one  brick  thick ;  in  chim- 

,  —  •    '      

•  ••taOimiev  Duionand  Thwrv,**  W,  W.Chrittie,  />.  Van  ytnirand  Qmpm 


Bood  la  ndUl  briok  work. 
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II0TB  from  UO  to  150  feet  thestepe  yanr  from  25  to  86  feet:  in  chimneys  from 
150  to  200  feet  the  steps  vary  from  36  to  50  feet;  in  ohimneys  from  200  to 
900-f eet  and  oTer,  the  steps  vary  from  50  to  90  feet,  the  top  step  being  one 
and  one-half  brioks  thick.  The  oatside  dimensions  of  a  chimney  att  the 
base  shonld  generally  not  be  less  tlian  one-tenth  of  the  height  of  tiie  stack 
for  square  cMmneys:  one-elcTcnth  for  octsgonal,  and  one-twelfth  for  round. 
The  battcoT  may  be  2^  inches  for  every  10  feet. 

Hie  foondation  of  a  chimney  is  one  of  the  most  important  points  to  be 
eonsidwed.  When  this  is  upon  solid  rock  it  is  only  necessary  to  excavate 
to  a  depUi  sufficient  to  prevent  the  heat  of  the  gases  from  materially  afFect- 
ing  the  natural  Btone,  and  to  secure  the  spread  of  the  base.  In  cases  where 
emmneys  are  to  be  built  upon  alluyial  clays  or  made  gronndi  it  is  necessazy 
to  excavate  until  a  epod  stiff  clay,  hard  sand,  or  rocx  bottom  is  reached. 
The  excavation  is  filled  with  concrete  in  various  ways,  or  filled  aocordina 
to  the  judgment  of  the  engineer,  so  as  to  economise  material  without 
endangering  the  structure. 

Babcock  and  Wilcox  give  the  following  formula  for  the  ability  of  brick 
chimneys  to  withstand  wind  pressure. 

19= weight  of  chimney  in  lbs.  (brickwork  =  100  to  130  lbs. 

per  cubic  foot.) 
<i= average  diameter  in  feet,  or  width  if  square. 
A = height  in  feet. 
5=wldlhof  base. 

k=z  ooostaat,  for  square  chimneys =56. 

for  round  chimneys =28. 

^       for  octagonal  chimneys = 86. 

0=J;  — ^andw  =  A  -^^» 

w  b 


Radial  Itrick  Chlasiteja* 

Another  type  of  chimney  now  much  used  In  the  East,  is  built  of  radial 
brick,  perforated  vertically  with  holes  about  1"  square,  passing  entirely 
throi^h  them. 

The  advantaffe  of  these  bricks  is  said  to  be  a  better  bond,  as  the  cement 
makes  a  dowelln  the  perforations.  * 

They  are  made  of  a  special  quality  of  clay,  having  greater  care  in  the 
makii^,  are  burned  at  a  greater  heat  than  the  red  bricE,  and  are  said  to  be 
of  a  more  uniform  grade. 

Radial  brick  chimneys  as  built  in  the  United  States  do  not  always  have 
lining,  for  the  brick  are  siq>posed  to  be  capable  of  withstanding  the  heat  of 
the  gases  usually  met  with,  but  in  special  cases  a  lining  Is  built  in  them,  and 
is  carried  by  the  outer  shell. 

The  lees  number  of  loints  to  the  weather  Is  also  given  as  a  point  in  favor 
of  the  radial  brick  chimney. 

In  making  comparisons  ox  the  costs  of  the  several  types  of  ohimneys,  if  of 
brick,  they  should  have  the  same 

fheight, 
inside  diameter, 
lightning  protection  details, 


IsMlder  equipment 
quality  of  workmanship, 
^sarne  factor  of  stability. 
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DimDt  Power 


for  ConibB«tl< 

(R.H.  Thurston.) 


of  Vwolo. 


Fuel. 

Draft  of  Chim- 
ney in  Inches 
of  Water. 

Fuel. 

Draft  in  ins 
of  Water. 

Wood 

Sawdust 

Sawdust   mixed    with 

small  ooal .... 
Steam  co^   .... 
Slack,  ordinary     .    . 

Slack,  very  small .    . 

a20  to  0.25 
0.35   "  OJIO 

0.60  *«   0.75 

0.40  •*   0.75 
0.60  "0.90 

0.75  "   1.25 

Coal-dust 

Semi  Anthracite  coal 
Mixture  of  breexe  and 

slack 

Anthracite  .... 
Mixture  of  breese  and 

coal-dust   .... 
Anthracite  slack  .    . 

0.80to  1.S5 

aoo  **  I.S 

1.00  '*   IJ3 

1.25  •«  I.SO 

1.26  "   1.15 
1.30  ^   IJ» 

Holfflit  of  CliiniBej  for  BrnmlHir  CilTon  Anioute  of  CooL 

Professor  Wood  (Trans.  A.  S.  M.  E.,  toI.  xl.)  deriyes  a  fomaola  from 
which  he  calculates  the  height  of  chimney  necessary  to  bum  stated  quan- 
tity of  coal  per  square  foot  of  grate  per  hour,  for  certain  temperatures  of 
the  chimney  gas. 


Absolute 
Temp.  Chim- 
ney Gases. 

Pounds  of  Coal  per  Square  Foot  Grate  Area. 

Temp. 

Outside 

▲ir 

16 

20 

24 

Height  of  Chimney,  Feet. 

II 

So 

700 
80O 

1000 
1100 
120O 
1400 
1600 
2000 

67.8 
65.7 
48.7 
48.2 
40.1 
51.2 
63JI 
68.0 

167.6 
lUM 
IdO.0 
98.9 
lOOJ 
106.6 
110.9 
132.2 

2809 
172.4 
149.1 
148.8 
192L0 
169.9 
168.8 
206j; 

Roto  of  Comliaatloo  Doe  to  Helylit  of  Ghlniooj. 

Prof.  Trowbridge  ("  Heat  and  Heat  Eneines,"  p.  153)  gives  the  following 
table,  showing  the  heights  of  chimneys  for  producing  certain  rates  of  com- 
bustion per  square  foot  of  area  of  section  of  the  chimney.  The  ratio  of  the 
grate  to  the  cnimney  section  being  8  to  1. 


Lbs.  Coal 

Lbs.  Coal 

burned  per 

Hour  per 

sq.  ft.  of 

Grate. 

Lbs.  Coal 

Height 
in  Feet. 

burned  per 

Hour  per 

sq.  ft.  of 

H^ghtln 
^t. 

burned  per 
Hour  per 
sq.  ft.  Sec- 
tion  of 

Lbs.  Ooal 

burned  per 

Hour  per 

Section  of 

sq.  ft.  Grate. 

Chimney. 

Chimney. 

25 

68 

8.6 

70 

126 

15.8 

30 

76 

9.6 

75 

131 

16.4 

36 

84 

\0A 

80 

135 

16J^ 

40 

93 

11.6 

85 

139 

17.4 

45 

99 

12.4 

90 

144 

18J0 

60 

106 

13.1 

95 

148 

18X 

65 

111 

13.8 

100 

16^ 

19i> 

60 

116 

14J> 

106 

166 

194S 

66 

121 

16.1 

110 

160 

20^ 

CHIMirSTS. 
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CMt  •r  Srtck  CM] 

(Buckley.) 


1 

M  « 

• 

1 

« 
m 

Diameter  Flue 
Inside. 

Outside  Dimen- 
sions, Base, 
Square. 

Outside  Wall. 

Cost  Fire  Brick 
Lining,  1  Height. 

Cost  Concrete 
Foundations. 

Total  Cost 
Chimnej. 

Apprc 

No. 
Briok. 

Cost® 
•14  per 

Ma 

86 

80 

25  in. 

7  ft.  6  in. 

82,000 

$44»M 

•    60.00 

•    90.00 

•  688.00 

135 

90 

do  in. 

8  "  3  ** 

40,000 

660.00 

82j00 

144.00 

786.00 

200 

100 

35  in. 

9  "  10  ♦* 

65,000 

910.00 

118U» 

198.00 

1,226.00 

aoo 

110 

43  in. 

10  "   2  •• 

76.000 

1,000.00 

190.00 

252.00 

1,482.00 

460 

120 

61  in. 

11  "   2  " 

87,000 

1,218.00 

261.00 

306X0 

1,785.00 

700 

130 

61  in. 

12  "   6  ♦* 

131,000 

1^34.00 

3MM 

360.00 

2,528i)0 

1000 

140 

74  in. 

13  "  11  " 

161,000 

2,114XX) 

432.00 

414.00 

3,000.00 

1660 

160 

88  in. 

16  "    1  " 

200,000 

2,800.00 

482.00 

468U» 

3,760.00 

2600 

leo 

no  in. 

17  "  10  •♦ 

275,000 

3,860.00 

720X» 

525U)0 

5,096.00 

IM««1  IPIttto  ChiBBa«7a  have  long  been  used  in  the  iron  and  coal  re- 
gions, but  have  only  reeeutiy  come  into  use  in  the  East,  except  in  the  old 
style  thin  sheet  iron  guyed  stack,  which  lasts  but  a  short  time. 

Many  of  the  mannnusnirerB  of  steel  structures  are  now  erectinc  yery  sub- 
stantial steel-plate  stacks  lined  with  fire  brickB..that  are  of  artistic  outline, 
strong,  and  when  kept  well  painted  are  durable  and  need  no  guys,  as  they 
are  spread  at  the  base,  and  bolted  to  a  heary  foundation.  They  are  usually 
designed  to  stand  a  wind  pressure  of  60  lbs.  per  square  foot. 


mimmm  of  Fovadatloma  for  fttool  ClilBBacj. 

(Selected  from  Olroular  of  Philadelphia  Engineering  Works.) 

HALF-LnrsD  Ghimnxts. 


Diameter,  clear,  feet    .    .    . 

Height,  feet 

Least  diameter  foundation . 
Least  depth  foundati<m    .    . 

Height,  feet 

Least  diameter  foundation  . 
Least  depth  foundation  .    . 


3 

4 

6 

8 

7 

9 

11 

100 

100 

160 

160 

160 

160 

160 

15V 

ie'4" 

20^4" 

21'10' 

22^// 

2y8'- 

24W 

6' 

O' 

y 

8' 

9^ 

lO' 

ly 

... 

125 

200 

200 

260 

276 

300 

•  .  . 

1815'' 

2^8'' 

26^ 

29'8'' 

3y6'' 

SO' 

•  •  • 

r 

lO' 

W 

12^ 

12r 

14^ 

Sriclf  I^lalMgr  for  S««ol  Maclia. 

Allowing  1}  inches  air  space  between  stack  and  lining : 

Bricks  81  x  4  x  2  Inches,  laid  without  mortar ; 
Lining  8t  inches  (one  brick)  thick  ; 

Num^r  of  bricks  per  foot  in  diameter  of  stack,  and  per  foot  of  height 
=  47. 

Allowing  1  inch  air  space  between  stack  and  lining : 

Bricks  81  X  4  X  2  inches,  laid  without  mortar  ; 
Lining  4  inches  (one  brick)  thick  : 
Number  of  bricks  per  foot  in  diameter 
=  26. 


of  stack,  and  per  foot  of  height 
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The  effect  of  the  temperature  of  the  gMes,  on  the 
i^perate  a  fan,  la  shown  yery  clearly  by  the  foHowing : 


pov«r   reqnirtdH 


Kffect  of  Teaiperatare  of  Cfaaea  on  1*1 


Indnced  Draft. 

1 

2        1      3 

T>rAft  In  inoheii  of  water 

0.42 
199.6 
154. 
10.3 
896. 

1.16 
621.7 

O  46  1      *« 

Temperature  of  gaseii  at  fan,  degree  F 

Speed  of  fan,  rcTolntion  per  minute 

Gorrentreqnlredby  fan  motor  — amperes   .    .    . 
Current  generated  by  plant  —  amperes     .... 

Proportionusedby  ran— per  cent 

Boiler  H.P.  deyeloped 

lG2.fi 
179. 
13.3 
1236. 

1.17 
6D0.6     r 

33& 

230. 
9il4 
9M. 

SJI 

The  blower  used  was  an  American  Blower  Co.'s  centrifugal  fan  wicfa 
28  X  84  inch  wheel. 

The  third  test,  gases  130  deg.  hotter  than  first,  requires  about  100  per  cot 
more  power,  and  yet  the  boiler  evaporation  is  about  20  per  cent  less  thaa  U 
the  first  test.  —  durtis  Pub.  Co.,  by  l>aTis  &  Griggs. 

The  cost  of  the  abore  Mechanical  Draft  outflt(2  ftos),  Including  moioa, 
was  $6.63  per  boiler  H  J?. 

All  of  the  blower  methods  of  draft  production  must  be  considered  in  eoa- 
nection  with,  and  be  planned  with  especial  regard  to,  the  quantity  of  fuel  to 
be  burned  in  a  ffiyen  time,  and  the  amount  ox  air  needed  for  the  oomplete 
combustion  of  the  fuel,  which  air  must  necessarily  pass  through  the  blowwi. 

18  to  26  lbs.  of  coal  per  square  foot  of  grate  per  hour  is  all  the  coal  that 
should  or  can  be  burned  with  economy  under  natural  draft;  a  greater  amouax 
necessitates  forced  draft. 

Another  thing  which  should  not  be  lost  slffht  of  in  connection  with  tht 
burning  of  small  coals,  is  the  unburnt  coal  falling  through  the  grate,  wUeh 
in  the  case  of  anthracite  culm  has  reached  06  per  cent  (found  in  the  aahss>. 

Klada  aad  la^ redleais  of  Vvela. 

The  substances  which  we  call  fuel  are  :  wood,  charcoal,  coal,  coke»  peat, 
certain  combustible  gases,  and  liquid  hydrocarbons. 

Combustion  or  burning  is  a  rapid  chemical  combination. 

The  imperfect  combustion  or  carbon  produces  carbonic  oxide  (CO),  and 
carbonic  acid  or  dioxide  (COs). 

From  certain  experiments  and  comparisons  Rankine  ooncludea  **  that  the 
total  heat  of  combustion  of  any  compound  of  hydrogen  and  carbon  is  nearly 
the  sum  of  the  quantities  of  heat  which  the  hydrogen  and  carbon  contained 
in  it  would  produce  separately  by  their  combusUou  (CH4  —  marsh  gas  or 
fire-damp  excepted)." 

In  computing  the  total  heat  of  combustion  of  a  compound,  tt  Is  eonyee- 
ient  to  substitute  for  the  hydrogen  a  quantity  of  carbon  whicn  would  siye 
the  same  quantity  of  heat ;  this  is  accomplished  by  multiplying  the  weSnt 
of  hydrogen  by  62032  -^  14600  =  4.28. 

Prom  experiments  by  Dulong,  Desprets,  and  others,  **  when  hydrogen  aad 
oxygen  exist  in  a  compound  In  the  proper  proportion  to  form  water  (by 
weigbtnearly  1  part  H  to  8  parts  O),  these  constituents  haye  no  effeetoo 
the  total  heat  01  combustion. 

*'  If  hydrogen  exists  in  a  greater  proportion,  take  into  the  heat  aocoeat 
only  the  surplus." 

Dulong's  formula  for  the  total  heat  of  combustion  of  carbon,  hydrogen, 
oxygen,  and  eulphur,  where  G,  H,  O,  and  B  refer  to  the  fractions  of  om 
pound  of  the  compound,  the  remainder  being  ash,  etc.  Let  k  =  totsJ  best 
of  combustion  in  B.T.U.  per  pound  of  compound. 

k  =.  14M0  C+  62000  (h—  ^\  +  4000  8,   <A.S.M.1&.  Trans,  vol.  xxi.) 

Rankine  says :  "  The  ingredients  of  eyery  kind  of  fuel  commonly  used  may 
be  thus  classed  :  (1)  Fixed  or  free  carbon,  which  is  left  in  the  form  of  char^ 
coal  or  coke  after  the  yolatile  ingredients  of  the  fuel  haye  been  distilled 
away.  These  ingredients  bum  either  wholly  in  the  solid  state,  or  part  la 
the  solid  state  and  part  in  the  gaseous  state,  the  latter  part  bei^g  first 
dissolyed  by  preylousiy  formed  carbonic  acid. 

*'  (2)  Hydrocarbons,  such  as  olefiant  gas,  pitch,  tar,  naphtha,  etc.,  all  of 
which  must  pass  into  the  gaseous  state  before  being  bumeo. 
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'*  If  mixed  on  their  lint  iasuing  from  amongst  the  bnming  carbon  with  a 
large  quantity  of  air,  these  inflammable  gases  are  oompletely  burned  with 
a  transparent  blue  flame,  producing  carbonic  acid  and  steam.  When  raised 
to  a  red  heat,  or  thereabouts,  before  being  mixed  with  a  sufficient  quantity 
of  air  for  perfect  combustion,  they  disengage  carbon  in  flne  powder,  and 
pass  to  the  condition  partly  of  marsh  gas,  and  partly  of  free  hTorogen  ;  and 
the  higher  the  temperature,  the  greater  Is  the  proportion  of  carbon  thus 
diaengaced. 

**  If  the  disengaged  carbon  is  cooled  below  the  temperature  of  Ignition  be* 
fore  ooming  in  contact  with  oxygen,  it  oonstitutes,  while  floating  in  the  gas, 
smoke,  and  when  deposited  on  solid  bodies,  soot.- 

**  But  if  the  disengaged  carbon  is  maintained  at  the  temperature  of  ignition, 
and  supplied  with  oxygen  sufficient  for  its  combustion.  It  bums  while  float- 
ing in  the  inflammable  gas,  and  forms  red,  yellow,  or  white  flame.  The 
flame  from  fuel  is  the  larger  the  more  slowly  Its  oombustion  is  effected. 

**  (8)  Oxyffen  or  hydrogen  either  actually  forming  water,  or  existing  in  com- 
bination with  the  other  constituents  in  the  proportions  which  form  water. 
Such  quantities  of  oxygen  and  hydrogen  are  to  be  left  out  of  account  in  de- 
termining the  heat  generated  by  the  combustion.  If  the  quantity  of  water 
actually  or  virtually  present  in  each  pound  of  fuel  is  so  great  as  to  make  its 
latent  heat  of  eyaporation  worth  considering,  that  heat  is  to  be  deducted 
from  the  total  heat  of  combustion  of  the  fuel.  The  presence  of  water  or  its 
constituents  in  fuel  promotes  the  formation  of  smoke,  or  of  the  carbona- 
eeous  flame,  which  is  ignited  smoke,  as  the  case  may  be,  probably  by 
mechanically  sweeping  along  flne  particles  of  carbon. 

*'  (4)  Nitrogen,  either  free  or  in  combination  with  other  oonstituents.  This 
substance  is  simply  Inert. 

**  (5)  Bulphuret  or  iron,  which  exists  in  coal  and  Is  detrimental,  as  tending  to 
cause  spontaneous  combustion. 

'*  (6)  Other  mineral  compounds  of  yarioua  kinds,  which  are  also  Inert,  and 
form  the  ash  left  after  complete  combustion  of  the  fuel,  and  also  the  ellnker 
or  glassy  material  produced  by  fusion  of  the  ash,  which  tends  to  ehoke  the 
grate." 

Total  Heat  of  Coasbaatloa  of  Faola.    (D.  K.  Clark.) 

The  following  table  giyes  the  total  heat  eyolyed  by  combustibles  and  their 
equivalent  evaporative  power,  with  the  weight  of  oxygen  and  volume  of  air 
chemically  cpnsumed. 


Combustibles. 


"all 

fs&s 


Hydrogen 

Carbon  making  GO 

Carbon  making  CO, 

Carbonic  oxide 

light  Carbureted  Hydrogen    •    . 

OleflantGas 

Coal  (adopted  average  desiccated) 
Goke(adopted  average  desiccated) 

Lignite,  perfect 

Wood,  desiccated 

Wood,  26  per  cent  moisture     i    . 

Petroleum 

Petroleum  oils 

Sulphur  .    .    .    ....... 


lbs. 


8.0 
1^ 
2.e6 
0.57 

3.43 
2.46 
2.48 
2.04 
1.40 
IJOS 
3.29 
4.12 
1.00 


Quantity  of  Air 
Consumed  per 
Pound  of  Com- 
bustible. 


lbs. 


34.8 
6.8 
11.6 
2.48 
17.4 
15.0 
10.7 
10.81 
8.86 
6.00 

Ajyr 

14.33 

17.93 

4  36 


Cu.  Ft. 
ata20F. 


457 

76 

162 

33 

229 

196 

140 

142 

116 

80 

60 

188 

235 

67 


o*^~ 
c5oH 

§5.0 
H 


62000 

4452 
14600 

4326 
23613 
21343 
14700 
18648 
13106 
10074 

7951 
20411 
27531 

4000 


► 

•a 


hi 


O  Q 


64.20 

4.61 
16.00 

4.48 
24.34 
22.00 
16.22 
14.0? 
13Jn 
11.36 

8.20 
21.13 
28.50 

4.17 


§  g  S35§^3JS 


li 


f*A>j*t«jM,Jo*ptniojni 


jai*^  JO  tpnnoj  ui 


iiiii^i 


II  i  liiiiiil 


11  i  iiliiiii 


11  i  iiiiiSII 


^iddng  imiiaioaqx  VJA 


a  I  liiiiisi 


-^qitRiqaiop 
jopanoj  jej  >piiiio<r a{ 


II  3  11155:15 


•  21= 
Sill"  ■  ■{•ill 

el  I  I     I  I 
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TeBipc>rat«r«  of  Iir«. 

By  reference  to  the  table  of  oombustibles.  it  will  be  seen  that  the  temper- 
ature of  the  lire  is  nearlv  the  same  for  all  klndB  of  eombostiblefl,  under  tlm- 
ilar  oondftions.  If  the  temperature  ie  known,  the  conditions  of  combustion 
may  be  inferred.  The  following  table,  from  M.  Poulllet,  will  enable  the 
temperature  to  be  judged  by  the  appeannoe  ot  the  fire : 


Appearance. 

Temp.  F. 

Appearance. 

Temp.  F. 

Bed,  just  Tisible   .    . 

"    dull 

"    oherry,  dull  .    . 
"        "        full.    . 
"        "        clear    . 

9770 
1200 
1470 
1650 
1890 

Orange,  deep    .    .    . 

"      clear  .    .    . 

White  heat  .... 

♦•       bright    .    .    . 

"       dacsiing    .    . 

aoio 

2190 
2370 
9650 
2730 

Vo  deteiviliie  Toiporatwrs  Hj  F«alo«  of  Motels,  otc« 


Substance. 


Tallow  . 
S 


Spermaceti 
wax,  white 
Sulphur    . 
Tin 


... 


Tem.  F. 


92P 

120 
IM 
239 
456 


Metal. 


Bismuth 
Lead.    . 
Zinc  .    . 
Antimony 
Brass     . 


Tem.F. 


5180 
(SO 
793 
810 
1650 


Metal. 


Silver,  pure  . 
€k>ld,  coin     . 
Iron,  cast,  med 
Steel     .    .    . 
Wrought  iron 


Tem.F* 


1880» 

2166 

2010 


2910 


orl 


Kind  of  Wood. 


Hickory  —  Shell  bark. 
White  oak   .... 
Hickory  —  Bed  heart 
Southern  pine .    .    . 

Bedoak 

Beech 

Hard  maple     .    .    . 
Virginia  pine  .    .    . 

Spruce 

New  Jersey  pine .    . 

TeUowpine     •    .    . 
White  pine  .... 


Weight 
per  Cord. 


i469 

3821 
3706 
3876 
3264 
3126 
2878 
2680 
2326 
2137 

1904 
1868 


Value  in  Tbns  Goal. 


Anthracite 


.606 

.52 

JBOi 

.460 
.443 
.426 
J91 
.364 
.316 
.291 


.264 


Bituminous 


.481 

.467 

.426 

.41 

.394 


.293 
.269 

.24 
.236 
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STBAM 
LBserl 


Coal. 

Per  Cent 

of 

Ash. 

Theoretical  Vahse. 

State.               Kind  of  Coal. 

In  Heat 
Units. 

FViimdiQC 
Water 
Erapu 

Pennsylrania.    Anthracite     .... 

ti                      tt 

•  .    •    • 
tt                      it 

•  .    .    • 

"                Cannel 

**                ConnellsTiUe.    .    .    . 

**                Semi-bituminous  .    . 
"                Stone's  Gas   .... 
"                Youghiogheny  .    .    . 

"                Brown 

Kentucky.          Coking 

"                Gannel 

tt                       tt 

"               Lignite  !!.*!!! 

Illinois.               Bureau  Go 

**                   Mercer  Co 

"                   Montauk 

Indiana.             Block 

"                   Coking 

"                   Gannel 

Maryland.          Cumberland  .... 

Colorado.                  " 

tt                         tt      ^    ^ 

Texas.                      "      ....!! 
Washington  Ter.      **          

Pennsylvania.   Petroleum  •   •    •    .    . 

3.40 
6.13 
2.90 
15.02 
BM 

10.70 
6.00 
5.60 
9JS0 
2.76 

2.00 
14.80 
7.00      . 
6.20 
5.60 

6JS0 
2.60 
6.66 
6.00 
13.88 

6.00      . 

9.25 

4M 

4JB0 

3.40 

•  *  • 

14,190 
13,536 
14,221 
13,143 
13,368 

13,166 
14,021 
14.266 
12,324 
14,391 

16,198 
13,300 
9,326 
13,026 
13,123 

12,650 
13,688 
14,146 
13,007 
12,226 

9,216 
13,662 
13,866 
12,962 
11,661 

20,746 

14.70 
14iH 
14.73 
ISLOD 
1334 

13.0 
14.31 
14.76 
12.7B 
14^ 

13.73 
13L3ft 
9.06 
13^ 
13.68 

13.10 
14.38 
I't.ei 
13JS8 
12.05 

9.04 
14iM 
14.35 
13.41 
11J80 

21.47 

The  weight  of  solid  coal  raries  from  80  lbs.  to  100  lbs.  per  cubic  foot. 


Thm  HeatlMc  Valve  of  Caaia. 


On  page  1361  are  given  the  results  {Sibley,  Journal  <tf  EfifrineeHiha)  of  some 
experiments  made  at  Cornell  UniTorslty  with  a  coal  calorimeter  aerlsed  by 
Prof.  B.  G.  Carpenter.  It  consists  of  two  cylindrical  chambers,  In  the  Inner 
one  of  which  the  sample  of  coal  is  burned  in  oxygen.  The  heated  gases  paa 
through  a  coiled  copper  tube  about  10  feet  long  contained  In  the  outer  eham- 
ber.  The  coll  is  surrounded  by  water  which  expands,  the  expansion  being 
measured  in  a  finely  graduated  glass  tube,  thus  giring  the  heat  units  in  ths 
coal.  The  calorimeter  is  calibrated  by  burning  In  it  pure  carbon.  IVtlknr* 
ing  are  the  tables : 


^SSssSHllldll 


slHS^BlSl'sS^ 


i 


spSSSipS 


i: 


% 


I 


^||s|pSSd^iS 


lisliilili 


psi^Sssiis 


^ijS^'S^^^B^iSS^ 


^§?SSi?335 
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STEAM. 


kt«  Ammljtim  of  C«al. 

(Power.) 


Designation  of  Goal. 


▲IfTHBACITK. 

Bearer  Meadow,  Penn 

Peach  Mountain,  Penn 

Lackawanna,  Penn 

Lehlsh,  Penn 

Welsh,  Wales 

SBMI-AirrHBACITE. 

Natural  Coke,  Virginia 

Cardiff.  Wales 

Lycoming  Creek,  Penn 

Arkansas,  No.  16  Geol.  Sorvey    .... 

aEMI-BITUMIirOUB. 

Blossburg,  Penn 

Mexican 

Fort  Smith.  Arkansas 

Cliff.NewSonth  Wales,  Australia     .    . 
8ka£dt  KiTer,  State  of  Washington    .    . 

Cumberland,  Maryland 

Cambria  County,  Penn 

Mount  Kembla,  New  South  Wales,  Aus. 

Fire  Creek,  West  Virsinia 

Arkansas,  No.  12  Geoi.  Surrey  .... 

BITITMINOUS. 

WilkesonjPierce  County,  Washington  . 

Cowlitx,  Washington 

New  Riyer,  West  Virginia 

Plctou,  Nova  Scotia 

Biff  Muddy,  Illinois 

BelUngham  Bay,  Washington    .... 

MidloUiian,  Virginia 

ConnellsTille,  Penn 

Illinois,  ATerage 

Carbon  Hill,  Washington 

Cloyer  Hill,  Virginia 

Wellington,  Vancouver  Island,  B.C. .    . 

FrankUn,  Washington 

Rocky  Mountains 

Newcastle,  England 

Mokihiuui,  Westport,  New  Zealand  .    . 
Brunner  Mine,  Greymouth,  New  Zealand 

Pittsburg,  Penn 

Nanaimo.VancouTer  Island,  B.C.  .    .    . 

Hocking  Valley,  Ohio 

Pleasant  Valley,  Utah 

Kentucky 

Ellensburg,  Washington 

Olympic  Mountains,  Washington  .    .    . 

Scotcn,  Scotland 

Roslyn,  Washington 

Cook's  Inlet,  Alaska 

Kootznahoo  Inlet,  Admiralty  I.,  Alaska 

LiTcrpool,  England 

Calispel,  Washington 

Carbonado,  Washington 

Upper  Yakima.  Washington 

Methow,  Washington 


Per  Cent 
Moisture. 

VoUtUe 
Matter. 

^1 

1.5 

2.38 

88.94 

1.9 

2.96 

89.02 

2.12 

3.91 

87.74 

3.01 

3.28 

88.15 

1.2 

6.25 

88. 

1.12 

12.44 

75.06 

1.25 

12.85 

81.9 

.07 

13.84 

njQ 

1.85 

14.93 

74X)6 

1.34 

14.78 

73.11 

1.0 

14.86 

55.7 

1.07 

17.2 

73.05 

.85 

17.7 

71.8 

1.19 

18.8 

71.66 

.97 

19.87 

72.26 

2.M 

20JS2 

69.37 

1.2 

20.98 

66  J6 

.74 

22.42 

75.5 

.88 

24.66 

68.2 

1.38 

25.88 

66.76 

1.16 

26.12 

61  J) 

.67 

26.64 

70.66 

2JJ7 

27.83 

56Je 

7.12 

29.5 

54.61 

3.98 

29.54 

59.9 

2.46 

29.86 

53.01 

1.26 

30.10 

69.61 

8.93 

30.14 

46.93 

2.16 

31.73 

65.8 

1.34 

32.21 

56.83 

2.15 

34.15 

54.85 

3.5 

34.37 

54.23 

7.55 

34.65 

42.86 

IJS 

34.7 

60.3 

3.96 

34.94 

57.92 

IJBO 

35.68 

66.62 

1.7 

36. 

66. 

2.25 

36.06 

61.96 

6.95 

36.15 

51.3 

5.43 

37.73 

49.40 

2. 

37.89 

56.01 

2. 

39.1 

54.4 

5.1 

39.15 

47.01 

3.01 

39.19 

48.81 

3.1 

30.7 

52.65 

1.25 

39.87 

^.89 

3.74 

37.02 

45.15 

.89 

39.96 

.54.9 

2.39 

41.18 

42.92 

1.8 

42.27 

62.11 

1.2 

42.47 

62.21 

2.5 

43.71 

49.27 

7.11 
6.13 
6.36 

5JBe 

44!5 

11.38 

4. 
13.96 

9.66 

10.77 

28.44 
a.68 
9.66 
8.36 
e.12 
9.15 

10:91 
.8 

16.26 

6.04 

10.69 
1.53 

13.39 
8.74 
6. 

14.74 
8.23 

15. 

10.31 

10.13 
8.85 
8. 

14.96 
4J» 
3.18 
6.11 
7.3 
9.76 
5JS6 
7.44 
4.1 
3.4 
7.77 
9JH 
4.55 
7.82 

14.00 
4.62 

13.21 
3.82 
4.12 
4.26 


M 
M 

.18 

S 


>  •  •  « 

IS 


OLIS 
£ 
.77 

l.ffi 
M 
M 
.7B 

S. 

.SI 
J3 

1.1 


.16 

3.S9 

.67 

•    •   •  « 

1.1 
SI 

JX 
Traceu 
1.3 
.7i 
J» 
.3 
Trace, 
raee 
.36 
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yroxiii»to  JLAalysts  of  Co«l—  OonUnmd. 


Designation  of  Coal. 


Newcastle,  King  County,  Washington   . 
Black  Diamond,  KineCounty.Wasnington 
Black  Diamond,  Mt.  Diablo,  Califomia . 

LIGNITSS. 

Oiago  (Kaitangata  Cr.),  New  Zealand    . 

Oilman,  Washington 

Croos  Bay  (Newport  Mine),  Oregon     .    . 

Alaska 

Huron.  Fresno  County,  Califomia     .    . 
lone,  Amador  County,  California .    .    . 


Per  Cent 
Moisture 

Volatile 
Matter. 

Fixed 
Carbon. 

2.12 

46.7 

43.9 

7.15 

3.11 

47.19 

46.11 

458 

14.69 

33.89 

4654 

458 

,19.61 

37.26 

89.41 

3.73 

4.8 

47.07 

37.19 

10.06 

15.46 

4156 

3456 

8.06 

14.6 

44.85 

31.2 

9.86 

11.7 

61.73 

19.68 

1654 

42.68    34581 

17.42 

6.12 

I 

CO 


.18 
.01 


.88 

253 

1.16 

2.73 

Trace. 


ilyim  of  Goko. 

(From  report  of  John  B.  Procter,  Kentucky  Geological  Surrey.) 


Where  Made. 

Fixed 
Carbon 

Ash. 

Sul- 
phur. 

OonnellsTiUe,  Pa.    (Average  of  3  samples)    .    .    . 
Ghattanocga,  Tenn.      "         u  4       i<           ... 
Birmingham.  Ala.        "         *•  4       44           ... 
Pocahontas.  Va.           "         '•  8       "           ... 
New  BlTer.W.Va.      "         "  8       •'           ... 
Big  Stone  Gap,  Ky.     •*         ••  7      44           ... 

88.96 
8051 
87.29 
9253 
92.38 
93.23 

9.74 
16.34 
1054 
6.74 
7.21 
6.69 

0510 
1586 
1.196 
0597 
0603 
0.748 

4t 

4t 

44 

4t 

44 

44 

44 

44 

•paco  lteq«lr«>d  to  fttow  a  Ton  (9»ftO  11m.)  of  Varlona 

Kinds  of  Goal. 

▲NTHBACITK. 

Welsh,  Wales 39    cubic  feet. 

Peach  Mountain,  Penn 41.6 

Bearer  Meadow,  Penn 40.2 

Lehigh,  Penn 405 

Lackawanna,  Penn 46.8 

SEMI-AKT  KBACITE. 

Cardiff,  Wales 38.3  cubic  feet. 

Natural  Coke,  Virginia 60.2       "     " 

sxMi-BiTuicnrons. 

Cumberland/Virginla 41.7  cubic  feet. 

Blossbursh.  Penn 42.2 

Mt.  Kembla,  Australia 37.7 

Mexican 36.7 

BITUMINOUS. 

New  RiTcr,  Virginia 46    c 

Wellington,  VancouTer  Island,  B.C 41.8 

Midlothian,  Virginia 41.4 

Newcastle,  England 44 

Picton,  NoTa  Scotia 46 

Scotch  Splint,  Fordel 40.7 

Pleasant  Valley,  Utah 42.3 

Sydney,  N.  S.  W.,  Australia 47.2 

Takasima,  Japan 46.4 

Pittsbureh.  Penn 47.8 

Lirerpool,  Ensland 46.7 

Scotcn,  Dalkcath 48.8 

Carbon  HUl,  Washington 36.9 

Clover  Hill,  Virginia 49.2 

Bocky  Mountain 41.2 

LIGKITX. 

Alaska 41.8  cubic  feet. 

WOOD. 

Dry  pine  wood 107  cubic  feet. 

Coke.  —  Coke  from  orens,  preferred  to  gas  coke  as  fuel,  weighs  with 
few  exceptions  about  40  lbs.  per  bushel.  Light  coke  will  weigh  33  to  38  lbs- 
Heavy  coke,  42  to  60  lU. 


(4 

44 

44 

44 

44 

44 

»ic 

4( 

fee 

41 

44 

44 

44 

44 

44 

44 

.4 

44 

44 

44 

14 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

44 

41 
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STEAM. 


WeirlitB  •f  VarlowA  Mimmm  of  CmU. 


Lehicfa  buelndieat . 

"      broken    .    . 

"      cupola     .    . 

"      dust     .    .    . 

"      egg  ...    . 

"      lump    .    .    . 

"      nut  ...    . 

'•      pea  ...    . 

"      stove    .    .    . 

Free  burning  egg    . 

•*      nut  . 

'•      stove 

Pittsburgh  .... 

Illinois 

Hooking 

Indiana  Block     .    . 

Erie 

Ohio  Cannd  .  .  . 
Gonnellsville  coke  . 


Lbs.  per 

Ca.fooC 

ottbic 
foot. 

per  ton 

54.04 

37.01 

56.85 

35.18 

55.52 

36.02 

67.25 

34.03 

57.74 

34.63 

55.26 

36.10 

58.26 

34.33 

53.18 

37.60 

58.15 

34.39 

56.07 

35.67 

56.88 

35.16 

56.33 

35.50 

46.48 

43.03 

47.22 

42.35 

49.30 

40.56 

43.85 

46.51 

48.07 

41.61 

49.18 

40.68 

26.30 

76.04 

WolrlitB  per  C«Mc  W—t,  Cmrnl 


Cok«t. 


Anth.  coal  market  sises,  loose      

Anth.  coal  market  sises,  moderately  shaken  .   .    . 
Anth.  coal  nuurket  sises,  heaped  bushels 

loose  77-83  lbs.  .    .    . 

Bit.  coals,  broken  —  loose 

Bit.  coals,  broken  —  moderately  shaken    .    .    .    . 
Bit.  coals,  broken  —  heaped  bushels  70->78  lbs.    . 

Dry  coke      

Dry  coke,  heaped  bushel,  (av.  38  lbs.)  35-42  lbs. 

m  I     ■       I 


Storage  for 

long  ton, 

cu.  ft. 


40-43 

•   •  » 

43-48 

•  •  • 

80^7 


52-56 
56-^0 


47-52 
51*<66 

23^ 


MslMgr  Testa— Aathraclto. 

Through  round  holes,  punched  in  plates. 

Chestnut through  li  over 

Pea 

Buckwheat 

Rice 

Barley "  A     " 

Culm "  S 
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telatiTe  Valves  of  GoaU  and  fltow  to   Si 

(By  Jay  M.  Whitham.) 


TlieBi. 


Giyen  boilen  and  chimney  operating  under  natural  draft  and  having 
eertaln  Blaes  and  dimenslouB,  the  capacities  measured  in  steam  output, 
which  can  be  produced  therewith,  when  using  good  grades  of  these  coals, 
arenas  follows : 


Beml-bltuminous  coal  (8  to  10  per  cent  ash)  .  .  . 
No.  1  buckwheat  anthracite  (18  to  22  per  cent  ash 

in  use) 

No.  2  buckwheat  anthracite,  or  rice  (18  to  22  per 

cent  ash  in  use) 


Per  cent. 


100 
80 
68 


It  is  more  than  likely  that  the  percentage  of  ash  and  refuse  obtained  in 
serviee  with  Nos.  1  and  2  buckwheat  will  exceed  the  18  to  22  per  cent  above 
noted,  while  it  is  equally  probable  that  with  soft  coal  the  percentage  will 
not  exceed  from  8  to  10  per  cent. 

It  is,  of  course,  a  simple  matter  to  increase  the  combustion  of  the  small 
sises  of  anthracite  by  the  use  of  a  fan  or  a  steam  blast.  A  fan  blast  uses 
f^om  2^  to  3  per  cent  of  the  steam  produced  in  the  boUers,  while  the  steam 
blast,  used  for  injecting  air  into  a  closed  ash-pit,  consumes  from  7^  to  12 
per  cent  of  the  steam  produced  by  the  boilers,  and  seldom  operates  under 
leas  than  10  per  cent.  Hence,  in  making  any  estimates  as  to  the  relative 
costs  of  operating  with  these  fuels,  these  deductions  must  be  made  if  an 
artifloial  draft  must  be  used,  in  order  to  get  net  comparative  results. 

Given  semi-bituminous  and  small-fiized  anthracite  coals  of  the  ash  com- 
positions noted  above,  my  experience  has  shown  that  the  relation  between 
the  costs  of  operating  the  plant  with  these  coals,  under  natural  draft,  to 
produce  a  given  output,  are : 


Semi-bituminous  coal  .  . 
No.  1  buckwheat  coal  .  . 
No.  2  buckwheat  (rice)  coal 


Per  Ton. 


•1.83 

1.00 

.83 


Paying  these  prices,  the  costs  for  power  under  natural  draft  are  the 
same,  no  matter  whicn  coal  is  used,  provided  the  cost  of  removing  ashes 
is  ignored. 

If  the  anthracite  grades  have  to  be  burned  with  blasts,  the  relative  prices 
which  one  can  afford  to  pay  for  producing  a  given  quantity  of  steam  are 
as  follows : 


Draft. 

Natural. 

Fan  Blast. 

Steam  Blast. 

Semi-bituminous       .... 

No.  1  buckwheat 

No.  2  buckwheat  (rice) .    .    . 

tl.33 

a    •    t 
•    •    • 

... 
10.97 
.82* 

»  •   • 

•0.90 
.76} 

Semi-bituminous  coals  are  burned  to  advantage  only  by  exercising  great 
care  in  the  handling  of  fires,  and  by  the  firemen  exerting  themselves 
beyond  what  is  necessary  when  burning  buckwheat  and  rice  anthracite 
grades. 
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8TBAM. 


Green  wood  contains  from  90  to  50  per  cent  of  molBtore.  After  aboiiil  a 
year  In  open  air  tbe  moisture  is  20  to  25  per  cent. 

The  woods  of  yarlons  trees  are  nearlv  identical  in  chemical  oompositkB, 
which  is  practically  as  follows,  sbowlnf  the  composition  of  perf eetly  dzy 
wood,  and  of  ordinary  firewood  holding  hygroscopic  moisture  : 


Ordinairy  Ftrmrood. 

37.5  peroemt 
4  A  pereant 

30.76  per  cant 
0.75  per  cent 
lA  pereent 

76.0  percent 


Desiccated  Wood. 

Carbon 60  per  cent 

Hydrogen 6  per  cent 

Oxygen 41  per  cent 

Nitrogen 1  per  cent 

Ash _2  per  cent 

100  per  cent 
Hygrometric  water 26j0  per  cent 

IOOjO 

Some  of  the  pines  and  others  of  the  coniferous  family  contain  hydrocar- 
bons (turpentine).  Aah  yaries  in  American  woods  from  .03  per  ceat  to  IM 
percent. 

In  steam  boiler  tests  wood  is  assumed  as  0.4  the  yalue  of  the  same  weight  of 
coal. 

The  fuel  yalue  of  the  same  weights  of  wood  of  all  kinds  is  praetlcAlty  the 
same ;  and  it  is  important  that  the  wood  be  dry. 


Welrh*  of  "W 

rood  per  Cord. 

Weighs  per 
Coi^,  Lbs. 

Equal  in  yalue  to  Goal, 
in  Lbs. 

Ayeragepine 

Poplar,  cnestnut,  elm 

Beech,  red  and  black  oak  .... 
White  oak 

2000 

2350 
8250 
3ft60 
4600 

800  to  «26 

MO  toiono 

1300  to  1460 
1640  to  1716 

Hickory  and  hard  maple  .... 

laootoaoQO 

A  cord  of  wood  =  4x4x8=  128  cubic  feet.  About  66  per  cent  is  solid 
wood,  and  44  per  cent  spaces. 

Iiiil«id  Vsols. 

Petroleum  is  a  hydrocarbon  liquid  which  is  found  In  abundance  In  Amer- 
ica and  Europe.  According  to  tne  analysis  of  M.  Sainte-Claire  Deyille,  the 
composition  of  16petroleums  from  different  sources  was  found  to  be  practi- 
cally the  same.  Tne  ayerage  specific  grayity  was  .870.  The  extreme  and  tte 
ayerage  elementary  compositions  were  as  follows : 

GliOBBlcal  GoBsposltioii  of  Petroloaas. 

Carbon 82.0  to  87.1  per  cent.    Ayerage,  84.7  per  eent. 

Hydrogen 11.2  to  14.8  per  cent.    Ayerage,  13.1  per  cent. 

Oxygen 0JSto5.7  percent.    Ayerage,  2.2peroent, 

100.0 

The  total  heating  and  eyaporatiye  powers  of  one  pound  of  petroleum  bar- 
ing this  ayerage  composition  are  as  follows  : 

Total  heating  power  =  146  [84.7  +  (4.28  x  13.1)]  =  20411  unite. 
Byaporatiye  power :  eyaporatlng  at  212^,  water  supplied  at  e2<>  =  18.29  lbs. 
Eyaporatiye  power :  eyaporatlng  at212<',  water  supplied  at212o  =  XI J3  Iba 

Petroleum  oils  are  obtained  in  neat  rariety  by  distillation  from  petro> 
leum.  They  are  compounds  of  carbon  and  hyoiogen,  ranging  from  cL  Hm 
to  Cg,  Hm  ;  or,  in  weight ; 
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C!littBilc«l  CoBipiMliloii  of  P«trele«Bi  OlU. 

Mean. 
«^„  f  71.42  Carbon  )  »^  (73.77  Carbon  .  .  .  72.60 
*^^®™  {28.68 Hydrogen}  ^  ( 28.23 Hydrogen    .    .    27.40 


100.00 


100.00 


100.00 


The  Bpeciflo  gravity  ranges  from  .628  to  .792.  The  boiling  point  ranges 
from  86^  to  496<^F.  The  total  heating  pover  ranges  from  28067  to  26076  uniU 
of  heat ;  equivalent  to  the  evaporation,  at  212°,  of  from  26.17  to  24.17  lbs. 
of  water  supplied  at  62°,  or  from  29.08  lbs.  to  27.92  lbs.  of  water  supplied 
at  212°. 

Vvnaaces  for  the  combustion  of  oil  fuel  need  not  be  as  large  as  when 
buminff  coal,  as  the  latter,  being  solid  matter,  requires  more  ume  for  de- 
composition, and  the  elhnlnation  of  the  products  and  supporters  of  co0i- 
bustlon.  Coal  fuel  requires  a  large  Are  chamber  and  the  means  for  the, 
introduction  of  air  beneath  the  erate-bars  to  aid  combustion.  Compared 
with  oil,  the  combustion  of  coal  is  tardy,  and  requires  some  aid  by  way  of 
a  strong  draft.  Oil  having  no  ash  or  refuse,  when  properly  burned,  requires 
much  less  space  for  combustion,  for  the  reason  that,  being  a  liquid,  and  the 
compound  of  gases  that  are  hignly  inflammable  when  united  in  proper  pro- 
portiohs,  it  gives  off  heat  with  the  utmost  rapidity,  and  at  the  point  of  igni- 
tion is  all  ready  for  consumption. 

Prof.  J.  E.  Denton  has  made  a  number  of  boiler  evaporative  tests,  using 
oil  for  fuel.  In  the  following  table  the  results  of  tests  where  various  fuels 
were  used  are  brought  togemer,  and  interesting  comparisons  are  made  be- 
tween the  cost  of  coal  and  cost  of  oil.    See  '*  Power,"  Feb.,  1902. 

Canoowi  I^els.— Mr.  Emerson  McMillin  (Am.  Gas.  Lt.  Asso.,  1887) 
made  an  exhaustive  investigation  of  the  subject  of  fuel  gas ;  he  states  that 
the  relative  values  of  these  gases,  considering  that  of  natural  gas  as  of  unit 
value,  are: 


Natural  gas  . 
Coal  gas  .  . 
Watwgas  . 
Producer  gas 


By  Weight. 


1000 
940 
292 
76JS 


By  Yolume. 


1000 
066 
292 
130 


The  water  gas  rated  in  the  above  table  is  the  gas  obtained  in  the  decom- 
position of  steam  by  incandescent  carbon,  and  does  not  attempt  to  fix  the 
calorific  value  of  illuminating  water  gas,  which  may  be  carbureted  so  as  to 
exceed,  when  compared  by  v<Mume,  the  value  of  coal  gas. 


Composition  of  Qases. 


Hydrogen .  .  . 
Marsh  gas  .  . 
Carbonic  oxide 
defiant  gas  .  . 
Carbonic  add  . 
Nitrogen  .  .  . 
Oxygen  .  .  . 
Water  vapor 
Sulphydrlc  acid 


Yolume. 


Natural 

Coal 

Water 

Producer 

Gas. 

Gas. 

Gas. 

Gas. 

2.18 

46.00 

45.00 

6.00 

92.60 

40.00 

2.00 

3.00 

0.60 

6.00 

45.00 

23.60 

0.31 

4.00 

0.00 

0.00 

0.26 

0.60 

4.00 

1.60 

3.61 

1.60 

2.00 

66.00 

0.34 

0.60 

0.60 

0.00 

0.00 

1J)0 

IJBO 

1.00 

0.20 

•     •     • 

.  .  . 

•    «    • 

100.00 

lOU.OO 

100.00 

100.00 
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In  boiler  InstallAtlona  that  can  be  conveniently  handled  by  one  man  It  ia 
doubtful  if  we  can  improre  on  the  best  hand  firing;  but  where  good  firemen 
are  scarce,  or  the  installation  is  of  considerable  size,  it  is  probable  that 
the  nae  oi  some  form  of  mechanical  stoker  will  result  in  economy,  and 
especially  in  the  prevention  of  large  quantities  of  smoke,  as  the  combustion 
is  sradual  and  more  nearlv  perfect. 

The  types  may  perhaps  be  limited  to  three  :  the  straight  feed,  as  the  Mur- 
phy, Boney.  Wilkinson,  and  Brightman ;  the  under-feed  oi  which  tibe 
**  American  ^'  is  a  good  representative ;  and  the  chain  stoker,  by  Coxe  and 
the  B.  ft  W.  Ck>. 

Mechanical  drausht  is  generally  used  with  the  two  last-mentioned  types, 
and  sometimes  with  the  first. 

Mr.  Eckley  B.  €!oxe  developed  the  chain  stoker  in  the  most  scientiflo  man- 
ner for  the  use  of  the  cheap  coals  of  the  anthracite  region. 

The  advantages  and  disadvantages  of  mechanical  stokers  are  stated 
br  Mr.  J.  M.  Whitham  (Trans.  A.S.mTE.,  vol.  xvii.  p.  568)  to  be  as  follows : 
Advantctgei.  1.  Adaptability  to  the  burning  of  the  cheapest  grades  of  fuel. 
2.  A  40per  cent  labor  saving  in  plants  of  600or  more  h.  p.,  when  provided  with 
coal-handling  machinery.  3.  JEoonomy  in  combustion,  even  under  forced 
flrins,  with  proper  management.  4.  Constancy  and  uniformity  of  furnace 
conditions,  the  fires  being  clean  at  all  times,  and  responding  to  sudden  de- 
mands made  for  power.  This  should  result  in  prolonged  life  of  boilers. 
6.  Smokelessness.  IHs<tdvantage$.  1.  High  first  cost,  varying  from  $26  to 
•40  per  square  foot  of  grate  area.  2.  High  cost  of  repairs  per  year,  which, 
with  some  stokers,  is  as  much  as  $6  per  square  foot.  3.  The  dependence  of 
the  power-plant  upon  the  stoker  engine's  working.  4.  Steam  cost  of  run- 
ning the  stoker  engine, which  is  from  f  to  |  of  1  per  cent  of  the  steam  generated. 
This  is  about  fflO  a  year  on  a  10-hour  basis  for  1000  h.  p.,  where  fuel  is  $2  per 
ton.  6.  Cost  of  steam  used  for  a  steam  blast,  or  for  driving  a  fan  blast, 
whenever  either  is  used.  This,  for  a  steam  blast,  is  from  5  per  cent  to  11 
per  cent  of  the  steam  ffeneratea  by  the  boilers,  and  from  3  per  cent  to  6  per 
cent  for  a  fan  blast.  This  amounts  to  about  flOOO  per  year  for  a  steam  blast, 
and  $600  a  year  in  fuel  for  a  fan  blast,  for  a  1000  h.  p.  plant  on  a  10-hour 
basis,  when  fuel  is  92  per  ton.  6.  Skill  required  to  operate  the  stoker. 
Careless  management  causes  either  loss  of  fuel  in  the  ash,  or  loss  due  to 
poor  combustion  when  the  coal  is  too  soon  burned  out  on  the  grate,  thus  per- 
mitting cold  air  to  freely  pass  through  the  ash.  7.  The  stoker  is  a  machine 
subject  to  a  severe  service,  and,  like  any  other  machine,  wears  out  and 
requires  constant  attention. 

W.  W.  Christie,  in  article  in  the  Engineering  Magazine  on  the  **  Eeonomy 
of  Mechanical  Stoking,"  says  in  part :  The  Influence  of  the  meohanlcal 
stoker  upon  boiler  efilciency  has  been  discussed,  but  definite  Information 
is  not  readily  obtained,  although  general  opinions  as  to  the  advantage 
of  mechanical  stoking  are  numerous. 

The  efficiency  of  a  boiler,  and  consequently  of  a  group  of  boilers,  depends 
upon  several  independent  and  distinct  factors. 

Thus  we  have  tne  furnace  efficiency,  a  measure  of  the  completeness  of 
the  combustion  in  the  furnace ;  this  is  measured  by  the  ratio  of  the  tem- 
perature in  the  furnace  to  the  temperature  of  the  escaping  gases.  We 
nave  also  the  efficiency  of  the  boiler  proper,  measured  by  the  quantity  of 
heat  transmitted  to  the  water  compared  with  that  generated  in  the  fur- 
nace. 

There  are  also  two  other  kinds  of  efficiencies  —  one  the  bent  efficienoy,  per 

{>ound  of  fuel,  the  other  the  so-called  "  investment  efficiency,"  which  takes 
nto  account  the  cost  of  building,  apparatus,  boilers,  chimneys,  wages,  and 
fuel. 

It  has  been  maintained  that  the  most  economical  rate  for  steam-making 
is  that  of  an  evaporation  of  4  lbs.  of  steam  per  hour  per  square  foot  of 
heating  surface,  which  some  tests  will  show  is  the  case^  Other  tests, 
however,  show  that  it  may  vary,  while  the  steam  economy  referred  to  1  lb. 
of  coal  may  remain  constant. 

The  completeness  of  combustion  can  be  told  best  by  the  temperature  of 
the  escaping  gases,  and  by  an  analysis  of  their  chemical  composition. 
Thus,  for  an  excellent  combustion,  tne  temperature  of  discharge  gases 
■honld  not  be  higher  than  400-^!00°  F.    If  the  percentage  of  oxygen  Is  1.6 


If  tha  oiygen  eiaeeda  Siwr  cent,  the  Area  are  loo  tbln,  the  dnft  t« 

U  tt«re  1b  an  euw  of  CO  imd  oTO,  the  boiler  le  faulty  1u  dssizn,  u 
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fTelirkt  «f  IT a<w — QmUimed. 


ti 

Weight,  lU. 
per  Cubic 
Foot. 

S 

1 

III 

Weight,  lbs. 
per  Cubic 
Foot. 

• 

S 

1 

i 

(unpera- 

ture, 

deg.F. 

height,  lbs. 
per  Cubic 
Foot. 

• 

i 

1 

height,  lbs. 
per  Cubic 
Foot. 

• 

S 

1 
1 

S 

H 

^ 

H 

^ 

S5 

H 

6 

? 

m 

es 

62.33 

36.02 

105 

61.96 

73.10 

141 

61.36 

109.26 

177 

60.62 

146.62 

m 

62.32 

dijoa 

106 

61.95 

74.10 

142 

61.34 

110.26 

178 

60.69 

146J» 

70 

62.31 

38.02 

107 

61.98 

76.10 

143 

61.32 

111.26 

179 

60.67 

147.63 

71 

62.31 

30.02 

108 

61.92 

76.10 

144 

61.30 

112.27 

180 

60JS6 

148  JM 

72 

6230 

40.02 

109 

61.91 

77.11 

146 

61.28 

113.28 

181 

60.63 

149.66 

73 

62.29 

41.02 

110 

61.89 

78.11 

146 

61.26 

114.28 

182 

60  JM) 

160.56 

74 

62.28 

42.03 

111 

61.88 

79.11 

147 

61.24 

116.29 

183 

60.48 

161.67 

76 

62.28 

43.03 

112 

61.86 

80.12 

148 

61.22 

116.29 

184 

60.46 

162.68 

76     e2.27 

44.03 

113 

61.85 

81.12 

140 

61.20 

117.30 

186 

60.44 

1K).69 

77 

62.26 

46.03 

114 

61.83 

82.13 

160 

61.18 

118.31 

186 

60.41 

164.60 

78 

62.25 

46.03 

116 

61.82 

83.13 

161 

61.16 

119.31 

187 

60.39 

166.61 

79 

62.24 

47.03 

116 

61.80 

84.13 

152 

61.14 

120.32 

188 

60.37 

166.62 

80 

62.23 

4S.04 

117 

61.78 

86.14 

163 

61.12 

121.33 

189 

60.34 

167.63 

81 

62.22 

49.04 

118 

61.77 

86.14 

164 

61.10 

122.83 

190 

60.32 

168.64 

82 

62.21 

60.04 

119 

61.76 

87.16 

166 

61.08 

123JM 

191 

60.29 

160.65 

83 

62.20 

61.04 

120 

61.74 

88.16 

166 

61.06 

124.36 

192 

60.27 

160.67 

84 

62.19 

62.01 

121 

61.72 

80.16 

167 

61.04 

126.35 

193 

60.25 

161.68 

85 

62.18 

63.05 

123 

61.70 

90.16 

168 

61.02 

126.36 

194 

60.22 

162.60 

88 

62.17 

64.05 

123 

61.68 

91.16 

160 

61.00 

127.37 

195 

60.20 

168.70 

87 

62.16 

66.05 

124 

61.67 

92.17 

160 

60.96 

128.37 

196 

60.17 

164.71 

88 

62.15 

66.06 

126 

61.66 

93.17 

161 

60.96 

129.38 

197 

60.16 

166.?^ 

89 

62.14 

67.06 

126 

61.63 

94.17 

162 

60.94 

130.39 

198 

60.12 

166.73 

90 

62.13 

68.06 

127 

61.61 

96.18 

163 

60.92 

131.40 

199 

60.10 

167.74 

91 

62.12 

60.06 

128 

61.60 

96.18 

164 

60.90 

132.41 

200 

60.07 

168.76 

92 

62.11 

60.06 

129 

61  J» 

97.19 

165 

60.87 

133.41 

201 

60.06 

160.77 

93 

62.10 

61.06 

130 

aijse 

98.19 

166 

60.86 

134.42 

202 

60.02 

170.78 

94 

62.09 

62.06 

131 

61.54 

99.20 

167 

60.83 

136.43 

203 

60.00 

171.79 

96 

62.08 

63.07 

132 

61.62 

100.20 

168 

60.81 

136.44 

204 

69.97 

172.80 

96 

62.07 

64.07 

133 

61.61 

101.21 

169 

60.79 

137.46 

205 

50.96 

173.81 

97 

62.06 

66j07 

134 

61.49 

102.21 

170 

60.77 

138.46 

206 

69.92 

174.83 

98  ;  62.06 

66.07 

135 

61.47 

103.22 

171 

60.76 

139.46 

207 

59.89 

176.84 

90 

62.03 

67.08 

136 

61.46 

101.22 

172 

60.73 

140.47 

208 

69.87 

176.86 

100 

62.02 

68.08 

137 

61.43 

106.23 

173 

60.70 

141.48 

209 

69.84 

177.86 

101 

62.01 

69.08 

138 

61.41 

106.23 

174 

60.68 

142.48 

210 

69.82 

178.87 

102 

62.00 

70.09 

139 

61.39 

107  M 

176 

60.66 

143JS0 

211 

69.79 

179.89 

103 

61.99 

71.09 

140 

61.37 

106.25 

176 

60.64 

144.61 

212 

69.76 

180  JO 

104 

61.97 

72.09 

fTeirlit  of  irat«r  at  Temperatarea   Abore  9199  F. 

(Dr.  B.  H.  Thurston,  "  Engine  and  Boiler  Trials,"  p.  648.) 
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O       1 

1 

o 

1 

O       1 

1 

O       1 

1 

o 

Tempera- 
ture. 
Deg.F. 

Weight, 
pounds 
per  Cubi 
Foot. 

Temperar 

ture, 
Deg.  F. 

Weight, 
pounds 
per  Cubi 
Foot. 

Tempera- 
ture, 
Deg.F. 

Weight, 
pounds 
per  Cubi 
Foot. 

Tempera- 
ture, 
Deg.F. 

Weight, 
pounds 
per  Cubi 
Foot. 

Tempera- 
ture, 
Deg.F. 

Weight, 
pounds 
per  Cubi 
Foot. 

212 

69.71 

280 

67.90 

8R0 

66.62 

490 

62.86 

480 

60.03 

S20 

60.64 

290 

67.60 

360 

55.16 

480 

62.47 

600 

49.61 

280 

59.37 

300 

67.26 

370 

54.79 

440 

62.07 

610 

49.20 

240 

69.10 

310 

66.93 

380 

64.41 

460 

61.66 

620 

48.78 

950 

68.81 

320 

66.68 

390 

64.03 

460 

61.26 

630 

48.36 

260 

68.62 

330 

66.24 

400 

63.64 

470 

60.85 

540 

47.94 

370 

68.21 

340 

66.88 

410 

63.26 

480 

60.44 

660 

47.62 
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KxpMMtoa  of  fr»te«i 

(Kopp:  oorr«ot6d  by  Porter.) 


Cent. 

Fahr. 

Volume. 

Cent. 

Fahr. 

Volame. 

Gent. 

Fahr. 

yoliiin«. 

40 

30.20 

1.00000 

36° 

9fP 

1.00686 

TOO 

I680 

ijoaati 

6 

41 

1.00001 

40 

104 

1.00767 

76 

167 

1.08518 

10 

60 

1.00025 

46 

113 

1.00967 

80 

176 

LOSHfTS 

15 

69 

1.00063 

60 

122 

1.01186 

86 

186 

1X8213 

90 

08 

1.00171 

66 

131 

1.01423 

90 

194 

1.08670 

26 

77 

1.00286 

60 

140 

1.01678 

06 

203 

1.09943 

30 

86 

1.00426 

66 

149 

1.01961 

100 

212 

1.04S33 

fF»t«r  for  BoUor  Vood** 

(Hunt  and  Clapp,  A.  I.  M.  E.,  1888.) 


Water  containing  more  than  6  parts  per  100,000  of  free  tnlphnrlc  or  nltria 
aold  is  liable  to  oauae  aerious  corrosion,  not  only  of  the  metal  of  the  boiler 
itself,  but  of  the  pipes,  cylinders,  pistons,  and  ralves  vith  nrhioh  the  steam 
comes  in  contact. 

The  total  residue  in  water  used  for  making  steam  causes  the  interior  lin> 
inss  of  boilers  to  become  coated,  and  often  produces  a  dangerous  hard  aeal^ 
which  prereuts  the  cooling  action  of  the  water  from  protecting  the  nketal 
against  burning. 

Liime  and  magnesia  bicarbonatea  in  water  lose  their  excess  of  carbonic 
acid  on  boiling,  and  often,  especially  when  the  water  contains  sulphnnc 
acid,  produce,  with  the  other  solid  residues  constantly  being  formed  oy  the 
evaporation,  a  very  hard  and  insoluble  scale.  A  larser  amount  than  100 
parts  per  100,000  of  total  solid  residue  will  ordinarily  cause  troublesome 
scale,  and  should  condemn  the  water  for  use  in  steam  boilers,  unless  a  bet* 
ter  Ma  not  be  obtained. 

The  following  is  a  tabulated  form  of  the  causes  of  trouble  with  water  for 
steam  purposes,  and  the  proposed  remedies,  given  by  Prof.  L.  M.  Norton. 


CAU8KS  OF  INCBUSTATIO:?. 


1.  Deposition  of  suspended  matter. 

2.  Deposition  of  deposed  salts  from  concentration. 

3.  Deposition  of  carbonates  of  lime  and  magnesia  by  boiling  off  oarbonie 
Afiid, which  holds  them  in  solution. 

4.  Deposition  of  sulphates  of  lime,  because  sulphate  of  /ime  Is  but  sli^tly 
soluble  in  cold  water,  less  soluble  in  hot  water,  insoluble  above  270o  F. 

6  Deposition  of  magnesia,  because  magnesium  salts  decompose  at  high 
temperature. 

6.  Deposition  of  lime  soap,  iron  soap,  etc.,  formed  by  saponUoation  of 
grease. 

KXAXB   FOB  PBXVSirmrO   nrCBUSTATIOH. 

1.  Filtration. 

2.  Blowing  off. 

3.  Use  of  internal  collecting  apparatus  or  devices  for  directing  the  olrev- 
lation. 

4.  Heating  feed-water. 

•  Sec  also  '*  Boiler  Waters ;  Scifle,  Corrosion,  Foaming  *'  by  W.  Wallaee 
Christie. 
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8.    Ghemieal  or  other  treatment  of  water  in  boiler. 

€.    Introduction  of  sine  into  boiler. 

7.    Chemical  treatment  of  water  outside  of  boiler. 


TYoubletome  8ub$tanee, 

Sediment,  mud,  clay,  etc. 
Beadlly  eolnble  salts. 


TABUItAB  YIEW. 

Trouble. 
Inornstation. 


Bicarbonates  of  lime,  magnesia, 
iron. 


} 


i« 


M 


Snlphate  of  lime. 

CU^«uid.alph»t.<>fim«n..|  omoOan. 

Carbonate    of    soda   in    large)  i>^»««« 

amounts.  }  I*rin»*^- 

Acid  (in  mine  waters).  Corrosion. 

}      " 


JMsflolyed  carbonic  acid  and  oxy- 
gen. 


Grease  (from  condensed  water). 

Organic  matter  (sewage). 
Organio  matter. 


•I 


Priming. 
Corrosion. 


Jtemedy  or  PcUliaiUm. 

Filtration,  Blowing  olT. 

Blowing  off. 

fHeatiuff  feed.  Addition  of 
<     oaustlo    Boda,    lime,  or 
t    magnesia,  etc. 

r  Addition    of  carb.  soda, 
I    barium  chloride,  etc. 

{Addition  of  carbonate  of 
soda,  etc. 

{Addition  of  barium  chlo- 
ride, etc. 

AlkaU. 

{Heating  feed.  Addition 
of  caustio  soda,  slacked 
lime,  etc. 

{Slacked  lime  and  filtering. 
Carbonate  of  soda. 
Substitute  mineral  olL 

(Precipitate  with  alum  or 
(     ferric  chloride  and  filter- 
Ditto. 


••lobUitiM  of  Sccae-niAkliir  Materlala. 

("  Boiler  Incrustation,"  F.  J.  Bowan.) 

The  salts  of  lime  and  magnesia  are  the  most  common  of  the  impnrlttsf 
found  in  water.  Carbonate  of  lime  is  held  in  solution  in  frerii  water  by  an 
excess  of  carbonic  acid.  By  heating  the  water  the  excess  of  carbonie  add 
is  drfyen  off  and  the  greater  part  of  the  carbonate  precipitated.  At  ordi- 
nary temperatures  carbonate  of  lime  is  soluble  in  from  16,000  to  24.000  times 
its  Tolume  ot  water ;  at  212^  F.  it  is  but  slightly  soluble,  and  at  290°  F.  (43 
lbs.  pressure)  it  is  insoluble. 

The  solubility  of  sulphate  of  lime  is  also  affected  by  the  temperature ; 
according  to  Kegnault,  its  greatest  solubility  is  at  96°  F.,  where  it  dlssolyes 
in  a03  times  its  weight  of  water ;  at  212^  F.  it  is  only  soluble  in  460  times  its 
weight  of  water,  and  according  to  M.  Ck>ut^,  it  is  insoluble  at  290°  F. 

Carbonate  of  magnesia  usually  exists  in  much  smaller  quantitr  than  the 
salts  of  lime.  The  effect  of  temperature  on  its  solubility  Is  similar  to  that 
of  carbonate  of  lime. 

Prof.  B.  H.  Thurston,  in  his  **  Manual  of  Steam  Boilers,"  p.  261,  states 
that: 

The  temperatures  at  which  calcareous  matters  are  precipitated  are : 
Carbonate  of  lime  between  176°  and  248°  F. 
Sulphate  of  lime  between  284°  and  424°  F. 
Chloride  of  magnesium  between  212°  and  267^  F. 
Chloride  of  sodium  between  824°  and  364°  F. 
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"  IKCBUBTATION  AJUD  BEDiMBNT,"  Prof.  Thm-aton  says,  **  are  deposited  is 
boilers,  the  one  by  the  precipitation  of  mineral  or  other  salts  preriomlj 
held  in  solution  in  the  feed-water,  the  other  by  the  deposition  of  iniiienl 
Insoluble  matters,  usually  earths,  carried  into  it  In  suspension  or  lae- 
ohanical  admixture.  Occasionally  also  vegetable  matter  of  a  glntiiKras 
nature  is  held  in  solution  in  the  feed- water,  and,  precipitated  by  heat  or 
concentration,  covers  the  heating-surfaces  witn  a  coating  ahnost  impermes^ 
ble  to  heat,  and  hence  liable  to  cause  an  over-heating  that  may  be  very  du- 
gerous  to  the  structure.  A  powdery  mineral  deposit  sometimes  met  vith  it 
equally  dangerous,  and  for  the  same  reason.  The  animal  and  Tegetable  oib 
and  ffreases  carried  over  from  the  condenser  or  feed-water  heater  are  also 
very  lilEely  to  cause  trouble.  Onlv  mineral  oils  should  be  permitted  to  te 
thus  introduced,  and  that  in  minimum  quantity.  Both  the  effioieney  s&d 
the  safety  of  the  boiler  are  endangered  by  any  of  these  deposits. 

**The  only  positive  and  certain  remedy  for  inemstation  and  eedimest 
once  deposited  is  periodical  removal  by  mechanical  means,  at  stii&eientij 
frequent  intervals  to  insure  a|rainst  infnry  by  too  great  accumulation.  Be- 
tween times,  some  good  may  oe  done  by  special  expedients  suited  to  tke 
individual  case.  No  one  process  and  no  one  antidote  will  suAoe  for  ah 
oases. 

"  Where  carbonate  of  lime  exists,  sal-ammoniao  may  be  used  as  a  pre- 
ventive of  incrustation,  a  double  decomposition  occurring,  resoltlmr  in  ^ 
production  of  ammonium  carbonate  ana  calcium  chloride — both  iMwUeli 
are  soluble,  and  the  first  of  which  is  volatile.  The  bicarbonate  mmv  be  in 
nart  precipitated  before  use  by  heating  to  the  boiling-point,  and  thus  break- 
ing up  the  salt  and  preoipitatinf  the  insoluble  carbonate.  Solntions  of 
caustic  lime  and  metallic  zinc  act  In  the  same  manner.  Waters  oontainiag 
tannic  acid  and  the  acid  Juices  of  oak,  sumach,  logwood,  hemlock,  aiod  tMhs 
woods,  are  sometimes  employed,  but  are  apt  to  i^ure  the  iron  of  tiie  bciilBr« 
as  may  acetic  or  other  acia  contained  in  the  various  saccharine  matt^v 
often  introduced  into  the  boiler  to  prevent  scale,  and  which  also  make  the 
lime-sulphate  scale  more  troublesome  than  when  clean.  Organic  "****»■— 
should  never  be  used. 

**  The  sulphate  scale  is  sometimes  attacked  by  the  carbonate  of  soda,  tk« 
products  being  a  soluble  sodium  sulphate  and  a  pulverulent  insoluble  cal- 
cium carbonate,  which  settles  to  the  bottom  like  other  sediments  and  is 
easily  washed  off  the  heating-surfaces.  Barium  chloride  acts  similaily. 
producing  barium  sulphate  and  calcium  chloride.  All  the  alkalies  are  used 
at  times  to  reduce  incrustations  of  calcium  sulphate,  as  is  pure  crude  petro- 
leum, the  tannate  of  soda,  and  other  chemicalfl. 

"  The  eifect  of  incrustation  and  of  deposits  of  varioas  kinds  is  to  enor- 
mously reduce  the  conducting  power  of  heating-surfaces ;  so  much  so,  thai 
the  power,  as  well  as  the  economic  efficiency  of  a  boiler,  may  become  very 
greatly  reduced  below  that  for  which  it  is  rated,  and  the  supply  of  steam 
f  umlMied  by  it  may  become  wholly  inadequate  to  the  requirements  of  the 
case. 

■**  It  is  estimated  that  a  sixteenth  of  an  inch  thickness  of  hard  '  scale*  on 
the  heating-surface  of  a  boiler  will  cause  a  waste  of  nearly  one-<»iffhth  its 
efficiency,  and  the  waste  increases  as  the  square  of  its  thickness.  Infie  boil- 
ers of  steam  vessels  are  peculiarly  liable  to  injury  from  this  cause  where 
using  salt  water,  and  the  introduction  of  the  surface-condenser  has  been 
thus  broueht  about  as  a  remedy.  Land  boilers  are  subject  to  incrustation 
by  the  carbonate  and  other  salts  of  lime,  and  by  the  deposit  of  sand  or  mnd 
mechanically  suspended  in  the  feed-water." 

Kerosene  oil  ("Boiler  Incrustation,"  Bowan)has  been  used  to  advantage  in 
removing  and  preventing  incrustation.  From  extended  experiments  made 
on  a  100  h.  p.  water  tube  boiler,  fed  with  water  containing  6J(  grains  ol 
solid  matter  per  gallon,  it  was  found  that  one  quart  kerosene  oil  pw  daf 
was  sufficient  to  keep  the  boiler  entirely  free  from  scale.  Prior  to  the  ia- 
troduction  of  the  kerosene  oil,  the  water  had  a  corrosive  action  upon  some 
of  the  flttings  attached  to  the  boiler ;  but  after  the  oil  had  been  used  for  a 
few  months  it  was  found  that  the  corrosive  action  had  ceased. 

It  should  be  stated,  however,  that  oblection  has  been  made  to  the  intro- 
duction of  kerosene  oil  into  a  boiler  for  the  purpose  of  preventing  incmsta- 
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tion,  on  account  of  the  possibility  of  some  of  the  oil  pasBlng  with  the  Bteam 
into  thecvUnder  of  the  engine,  and  neutralizing  the  effect  of  the  lubricant 
in  the  cylinder. 

When  oil  is  used  to  remoTe  scale  from  steam-boilers,  too  much  care  can* 
not  be  exercised  to  make  sure  that  it  is  free  from  jgrease  or  animal  oil. 
Nothing  but  pure  mineral  oil  should  be  used.  Crude  petroleum  is  one 
thing :  black  oil,  which  may  mean  almost  anything,  is  very  likely  to  be 
something  quite  different. 

The  acuon  of  grease  in  a  boiler  is  peculiar.  It  does  not  dissolve  In  the 
water,  nor  does  it  decompose,  neither  aoes  It  remain  on  top  of  the  water ; 
but  it  seems  to  form  Itself  into  **  slugs,"  which  at  first  seem  to  be  slightly 
lighter  than  the  water,  so  that  the  circulation  of  the  water  carries  them 
about  at  will.  After  a  short  season  of  boiling,  these  "  slugs,'*  or  suspended 
drops,  acauire  a  certain  degree  of  **  stickiness,"  so  that  when  they  come  in 
contact  with  shell  and  flues  of  the  boiler,  they  begin  to  adhere  thereto. 
Then  under  the  action  of  heat  they  begin  the  process  of  **  varnishing  "  the 
interior  of  the  boiler.  The  thinnest  possible  coating  of  this  varnish  is  suf- 
ficient to  bring  about  over-heatins  of  vxe  plates. 

The  time  when  damage  is  most  likely  to  occur  is  after  the  fires  are  banked, 
for  then,  the  formation  of  steam  being  checked,  the  circulation  of  water 
stone,  and  the  grease  thus  has  an  opportunity  to  settle  on  the  bottom  of  the 
boiler  and  prevent  contact  of  the  water  witn  the  fire-sheets.  Under  these 
oiroumstances,  a  very  low  degree  of  heat  in  the  furnace  is  sufficient  to  over- 
heat the  plates  to  such  an  extent  that  bulging  is  sure  to  occur. 

Zinc  cu  a  Scale  J^verUive.  —  Dr.  Corbignv  gives  the  following  hypoth- 
esis :  he  says  that  **  the  two  metals,  iron  and  zinc,  surrounded  by  water  at  a 
high  temperature,  form  a  voltaic  pile  with  a  single  liquid,  which  slowly 
decomposes  the  water.  The  liberated  oxygen  combines  with  the  most  oxy- 
dlzable  metiJ,  the  zinc,  and  Its  hydrogen  equivalent  is  disengaged  at  the 
surface  of  the  iron.  There  Is  thus  generated  over  the  whole  extent  of  the 
iron  influenced  a  very  feeble  but  continuous  current  of  hydrogen,  and 
the  bubbles  of  this  gas  isolate  at  each  Instant  the  metallic  surface  n-om  the 
scale-forminff  substance.  If  there  is  but  little  of  the  latter,  it  is  penetrated 
by  these  bubbles  and  reduced  to  mud ;  if  there  is  more,  coherent  scale  is 
produced,  which,  beins  kept  off  by  the  intervening  stratum  of  hydrogen, 
takes  the  form  of  the  u*on  surface  without  adhering  to  it.** 

Zinc,  in  the  shape  of  blocks,  slabs,  or  as  shavings  Inclosed  in  a  perforated 
vessel,  should  be  suspended  throughout  the  water  space  of  a  boiler,  care 
being  used  in  eetting  perfect  meti^llc  contact  between  the  zinc  and  the 
boiler.  It  should  not  1>e  suspended  directly  over  the  furnace,  as  the  oxide 
might  fall  upon  the  surface  and  be  the  cause  of  the  plate  being  over-heated. 
The  quantity  placed  in  a  holler  should  vary  with  the  hardness  of  the  water, 
and  the  amount  used,  and  should  be  measured  by  the  surface  presented. 
Generally  one  souare  inch  of  surface  for  everv  60  Ids.  water  in  the  boiler  is 
sufficient.  The  British  Admiralty  recommends  the  renewing  of  the  blocks 
whenever  the  decay  of  the  zinc  has  penetrated  the  slab  to  a  depth  of  ^  inch 
below  the  surftee. 

Parlflcation  of  Fci«d«ir»«er  by  Bollliir. 

Sulphates  can  be  largely  removed  from  feed-water  by  heatins  it  to  the  tem- 

Serature  due  to  boiler  pressure  la  a  feed-water  heater,  or  **  live  steam  purl- 
er **  before  introduction  to  boiler.  This  precipitates  those  salts  in  the  heater 
and  the  water  can  then  if  necessary  be  pumped  throush  a  filter  into  the  boiler. 
The  feed-water  is  first  heated  as  hot  as  possible  In  the  ordinary  exhaust 
feed-water  heater  in  which  the  carbonates  are  precipitated,  and  then  run 
through  the  purifier,  which  is  most  generally  a  receptacle  containing  a 
number  of  shallow  pans,  that  can  be  removed  for  cleaning,  over  which  the 
feed- water  is  allowed  to  flow  from  one  to  the  other  in  a  thin  sheet.  Live 
steam  at  boiler-pressure  is  introduced  into  the  purifier,  heating  the  water 
to  a  temperature  high  enough  to  precipitate  the  salts  which  form  scale  on 
the  pans.  This  method  of  treating  feed-water  is  said  to  largely  increase  the 
efficieucv  of  a  boiler  plant  bv  we  almost  complete  avoidance  of  scale, 
purification  of  feed-water  by  filtration  before  introduction  to  the  system  is 
often  practised  with  good  results. 
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These  shoold  be  at  least  double  the  capacity  found  by  oaloulation  from 
the  amount  of  water  required  for  the  engines,  to  allow  for  blowing  off,  leak- 
age,  slip  in  the  pumps  themselves,  etc.,  and  to  enable  the  pump  to  keep 
down  steam  in  case  of  sudden  stoppage  of  the  engines  when  the  fires  hap- 
pen to  be  brisk,  and  in  fact  shoula  be  large  enough  to  supply  the  boilers 
when  run  at  their  full  capacity.  In  addition,  for  all  important  plants,  there 
should  be  either  a  duplicate  feed-pump  or  an  injector  to  act  as  stand-by  in 
case  of  accident.  Tne  speed  of  the  plunger  or  piston  may  be  60  feet  per 
minute  and  should  never  exceed  100  feet  per  minute,  else  undue  wear  and 
tear  of  the  valves  results,  and  the  efficiency  is  reduced.  If  the  pump  be  re- 
quired to  stand  idle  without  continually  working,  the  plunger  or  piston  and 
rod  should  be  of  brass. 

If 

D  =  diameter  of  barrel  in  inches,. 

8  =  stroke  in  inches, 

n  r=  number  of  useful  strokes  per  minute, 

w  =  cubic  feet  of  water  pumped  per  houTi 

W=.  lbs.  of  water  pumped  per  hour ; 

to  =  1.7  2>*5n. 

If  8n=z6Q, 

r=1.362)», 
and  

1.96 

Bnbber  valves  may  be  used  for  cold  water,  but  brass,  rubber  oomposition, 
or  other  suitable  material  is  required  for  hot  water  or  oil. 

If  a  new  pump  will  not  start,  ft  may  be  due  to  its  imperfect  connections  or 
temporary  stiffness  of  pump. 

Unless  the  suetion  lift  and  length  of  supplv  pipe  be  moderate,  afoot-valve, 
a  charging  connection,  and  a  vacuum  chamber  are  desirable.  The  suction- 
pipe  must  be  entirely  free  from  air  leakage.  If  the  pump  refuses  to  start 
mting  water  with  full  pressure  on,  on  account  of  the  air  in  the  pump-cham- 
ber not  being  dislodged,  but  only  compressed  each  stroke,  arrange  for  run- 
ning without  pressure  until  the  air  is  expelled  and  water  flows.  This  is 
done  with  a  check- valve  in  the  delivery-pipe,  and  a  waste  delivery  which 
may  be  closed  when  water  flows. 

PninplBir  Hot  IVater.  — With  a  free  suction-pipe,  any  good  pump 
fitted  with  metal  valves  and  with  hot-water  packing  will  pump  water  hav- 
ing a  temperature  of  212°,  or  higher,  if  so  placed  that  the  water  will  flow 
into  it. 

Robert  D,  Klnnev,  in  "  Power,"  gives  the  following  formula  for  deter- 
mining to  what  height  water  of  temperatures  below  the  boiling  point  can 
be  lifted  by  suction. 

D  r=  lift  in  feet, 

A  r=  absolute  pressure  on  surface  of  water ;  if  open  to  air  =r  14.7  lbs. 
B  and  W=.  constants.    See  table. 

^  __  144  {A--B)      0.8=  115.2  ^  -  ^. 
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Water  Temp. 
Degrees  ¥. 

B. 

W. 

Water  Temp. 
Degrees  F. 

B. 

W. 

40 

0.122 

02.42 

130 

2.215 

61ii6 

60 

0.178 

82.41 

140 

2.879 

61.30 

eo 

0.2M 

62.37 

160 

3.706 

61.30 

70 

0.300 

62.31 

160 

4.731 

6Ij01 

80 

ojm 

62.22 

170 

5.985  . 

60.80 

90 

0.003 

62.12 

180 

7Jttl 

eOLSO 

100 

0.942 

e2M 

190 

9.336 

60^ 

110 

1J267 

61.87 

200 

11.626 

00.1S 

120 

1.686 

61.72 

210 

14.127 

60.88 

Speed  of  IVater  tluronrk 

The  speed  of  water  'flowing  through  pipes  and  passages  in  pumps  rartos 
from  100  to  200  feet  per  minute.  The  loss  from  friction  will  be  oonuderable 
if  the  higher  speed  is  exceeded. 

The  area  of  yalyes  shonld  be  sufRoient  to  permit  the  water  to  pass  at  a 
speed  not  exceeding  260  feet  per  minute. 

The  amount  of  steam  which  an  arerage  ensine  will  require  per  indicated 
horse-power  is  usufJly  taken  at  30  pounds.  It  varies  widely,  howeTer,  from 
about  12  pounds  in  the  best  class  of  triple  expansion  condensing  «Dginea  up 
to  considerably  over  90  pounds  in  many  direct-acting  pumps,  where  an 
engine  is  overloaded  or  underloaded  more  water  per  horse-power  will  be  re- 
quired than  when  operated  at  rated  capacity.  Horizontal  tubular  boiler* 
will  evaporate  on  an  average  from  2  to  3  pounds  of  water  per  square  foot 
heating-surface  per  hour,  but  may  be  forced  up  to  6  pounds  if  the  grate  sur- 
face is  too  large  or  the  draught  too  great  for  economical  working. 


Slxea  of  Dlrect-acCiBc  Pnaips. 

The  two  following  tables  are  selected  as  representing  the  two  conunon 
types  of  direct-actii^  pump,  viz.,  the  single-cylinder  and  the  duplex. 


BAeloney  of  •■tall  mroct-actlagr 


Tn  "Reports  of  Judges  of  Philadelphia  Exhibition,"  1876,  Group 
Ghas.  E.  Emery  says :  "Experiments  made  with  steam-pumpe  at  the  Amer- 
ican Institute  Exhibition  of  1867  showed  that  average  size  steam-pamp«  do 
not,  on  the  average,  utilize  more  than  60  per  cent  of  the  indicated  power  in 
the  steam  cylinders,  the  remainder  being  absorbed  in  the  friction  of  the  en- 
gine, but  more  particularly  in  the  passage  of  the  water  through  the  pump. 
Again,  all  ordinary  steam-pumps  for  miscellaneous  use,  require  that  the 
steam-cylinder  shall  have  three  to  four  times  the  area  of  the  water-cylinder 
to  give  sufficient  power  when  the  steam  is  accidentally  low ;  hence,  as  such 
pumps  usually  work  acrainst  the  atmospheric  pressure,  the  net  or  effectfye 
pressure  forms  a  small  percentage  of  the  total  pressure,  which,  with  the 
large  extent  of  radiating  surface  exposed  and  the  total  absence  of  expansion, 
makes  the  expenditure  of  steam  very  large.  One  pump  tested  required  120 
pounds  weight  of  steam  per  Indicated  horsepower  per  hour,  and  it  is  be- 
lieved that  the  cost  will  rarely  fall  below  60  pounds ;  and  as  only  50  per 
cent  of  the  indicated  power  is  utilized,  it  may  be  safely  stated  that  ordlnair 
steam  pumps  rarely  require  less  than  120  pounds  of  steam  per  hour  for  eaen 
horse-power  utilized  in  raising  water,  equivalent  to  a  duty  of  only  15,000,( 


foot  pounds  per  100  pounds  of  coal.  With  laiiger  steam-pumpe,  particularly 
when  they  are  proportioned  for  the  work  to  be  done,  the  duty  will  be  mate- 
rially increased. 
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Then 


ir=:1280  2)»Vp 
=  1.98d«Vjp 


The  mle  glyen  by  Bankine.  **  Steam  Engine/*  p.  477,  for  finding  the  proper 
■eetional  area  in  square  incnes  for  the  narrowest  part  of  the  noule  is  as 
follows : 

cubic  feet  per  hour  gross  feed-water 

area  = . 

800  Vpressure  in  atmospheres 

The  expenditure  of  steam  is  about  one-fourteenth  the  Tolume  of  water 
Inieeted. 

The  following  table  gives  the  water  deliyered  for  diiferent  sizes  of  injeo- 
tors  at  different  pressures ;  but  when  the  injector  has  to  lift  its  water  a  de- 
duoiion  must  be  made  yarying  from  10  to  30  per  cent  according  to  the  lift. 

DcllTcrlee  for  I^lre  Ste»iii  lajectova. 


k 

Pressure  of  Steam. 

\ 

k 

30  lbs. 

60  lbs. 

80  lbs. 

100  lbs. 

130  lbs. 

140  lbs. 

"sl 

^1 

^i 

Delivery  in  Gallons  per  Hour. 
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666 

640 

718 

783 

848 

JA 

7 

683 

766 

871 

973 

1067 

1182 

|I 

8 

8B6 

986 

1137 

1272 

1393 

-  1606 

JX 

9 

882 

1347 

1440 

1610 

1763 

1906 

jl 

10 

1088 

1840 

1777 

1987 

3177 

2362 

2 

11 

1317 

1863 

2160 

2406 

3633 

2846 

2 

12 

1667 

2217 

2660 

2861 

3136 

3887 

3] 

13 

1840 

2802 

3006 

1368 

3680 

3075 

2 

, 

14 

2183 

3018 

8486 

3885 

4267 

4610 

18 

3460 

3466 

4000 

4471 

4900 

6292 

, 

16 

2787 

8942 

4661 

6087 

6676 

6022 

17 

3146 

4460 

6138 

6743 

6291 

6796 

18 

3627 

4990 

6760 

6438 

7066 

7633 

. 

19 

3090 

6660 

6418 

7176 

7861 

8492 

. 

90 

4366 

6160 

• 

7110 

7960 

8710 

9410 

3 

1  millimeter  =:  ^  inch,  nearly. 


As  the  vertical  distance  the  injector  lifts  is  increased,  a  greater  steam 
pressure  is  required  to  start  the  injector,  and  the  highest  steam  pressure  at 
which  it  will  work  is  gradually  decreased. 

If  the  feed-water  is  heated  a  greater  steam  pressure  is  required  to  start 
the  injector,  and  it  will  not  work  with  as  high  steam  pressure. 

The  capacity  of  an  Injector  is  decreased  as  the  lift  Is  increased  or  the  f eed- 
iroter  heated. 

P«rfonBaac«  of  I^|«ctov«.  —  W.  Sellers  ft  Go.  state  that  one  of 
their  injectors  delivered  26J}  lbs.  water  to  a  boiler  per  pound  of  steam  ; 
steam  pressure  66  lbs.:  temperature  of  feed,  64^  F. 

Schaeffer  ft  Budenberg  state  that  their  injectors  will  deliver  1  gallon 
water  to  a  boiler  for  from  0.4  to  0.8  lbs.  steam.  They  also  state  that  the 
temperatures  of  feed-water  taken  by  their  injector,  if  non-lifting  or  at  s 
low  lift,  can  be  as  follows : 
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PreMure,lb«.     .     35  to  46,    60  to  8S,     90,106,      1»,  136  ihl 

TemperAture,  op.,  144  to  136, 133  to  l3),  129',  122*,  118  to  113, 109  to  106, 104  to  Mft 

— ??fi?*?*^®^  &  I>6rby  Mfg.  Co.  state  that  the  reeolts  riven  below  axe  troB 
actual  testa  of  Metropolitan  Double-Tube  Injectors-     *    *"  "«»ow  axe  itob 

irttk  Gold  Food-lTator. 


On  a  2-foot  lift : 
On  an  S-f oot  lift : 
On  a  14-foot  lift  : 
On  a  20-foot  lift  : 
When  not  lifting : 

On  a  S^f oot  lift : 
On  an  8-foot  lift : 
On  a  14-foot  lift : 
On  a  20-foot  lift  : 
When  not  lifting  : 

Wltli 

On  a  2-foot  lift: 
On  an  8-foot  lift : 
On  a  14-foot  lift : 
When  not  lifting : 


( Starto  with  14  lbs.  steam  presaare. 
(  Works  up  to  260  lbs.  steani  preesnro. 

I  ?L^^  ^*'^  23  lbs.  steam  presaare. 
\  Works  up  to  220  lbs.  steam  preeanre. 
(  Starts  with  27  lbs.  steam  presauro. 
(  Works  up  to  176  lbs.  steam  preeaure. 

i  ^^  ^'^^  ^  ^^-  Bteam  pressure. 
)  Works  up  to  136  lbs.  steam  prenore. 

i  Starts  with  14  lbs.  steam  presaare. 
i  Works  up  to  260  lbs.  steam  preaaure. 

rood-ir»tor  at  lOO^  F. 

i  Starts  with  16  lbs.  steam  pressure. 
\  Works  up  to  210 lbs.  steam  preaaureu 

I SJ*^  ^^^^  26  lbs.  steam  preseare. 
\  Works  up  to  160  lbs.  steam  presaare. 

( Starts  with  37  lbs.  steam  pressure. 
(  Works  up  to  120  lbs.  steam  presaare. 
J  Starts  with  46  lbs.  steam  pressure. 
( Works  up  to  70  lbs.  steam  preesare. 
f  Starts  with  16  lbs.  steam  pressure. 
I  Works  up  to  210  lbs.  steam  preesore. 

Food- Water  at  190o  JP. 

( Starts  with  20  lbs.  steam  pressure. 
1  Works  up  to  186  lbs.  steam  pressure. 
( Starts  with  30  lbs.  steam  pressure. 
I  Works  up  to  120  lbs.  steam  pressure 
I  Starts  with  42  lbs.  steam  pressure. 
(  Works  up  to  76  lbs.  steam  preesure. 
I  Starts  with  20  lbs.  steam  pressure. 
\  Works  up  to  186  lbs.  steam  pressure. 


iritb  Food-lTator  at  14<»o  JP. 

On  a  short  lift,  or  when  not  lifting,  this  Injector  will  work  with  aleam 

ftressuren  from  20  lbs.  to  120  lbs.,  and  on  an  8-foot  lift  with  steam  Dreesima 
rom  36  lbs.  to  70  lbs.  *^  «wurw 

Sxliaiiat  f  iHrctora  working  with  exhaust  steam  from  an  engine,  at 
aDout  atmospheric  pressure  will  dplirer  water  against  boiler  presaare  not 
exceedingSO  lbs.  per  square  inch.  The  temperature  of  the  water  may  be  as 
high  as  19po  F.,  while  12  per  cent  of  the  water  delivered  will  be  oondeoaed 
steam.  For  pressures  over  80  lbs.  it  is  necessary  to  supplement  the  exhaust 
steam  with  a  jet  of  live  steam.  j  *'*-  «• 


Mnjector  va. 


for  F««dlngr  Rollrra. 


The  relative  value  of  injectors,  direct-acting  steam  pumps,  and  pumps 
driven  from  the  engine,  is  a  question  of  importance  to  all  steam-usersT  The 
following  table  ("  Stevens  Indicator,"  1888)  has  been  calculated  by  D.  S. 
Jacobs,  M.  E.,  from  data  obtained  by  experiment.  It  will  be  noticed  thai 
when  feeding  cold  water  direct  to  boilers,  the  injector  has  a  slight  econoraT. 
but  when  feeding  through  a  heater  a  pump  is  much  the  most  eoonomical  ' 
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Method  of  Supplying  Feed- Water 
to  Boiler. 

Temperature  of  Feed- Water  as 
deuTered  to  the  Pump  or  to  the 
Injector,  GOP  F.  Rate  of  Evap- 
oration of  Boiler,  10  Ibe.  of 
Water  per  pound  of  Coal  from 
and  at  212P  F. 


Direct-acting  pump  feeding  water 
at  60^,  without  a  heater  .... 

Injector  feeding  water  at  160°, 
without  a  heater 

Injector  feeding  through  a  heater 
in  which  the  water  is  heated 
f  rom  150»  to  200O 

Direct-acting  pump  feeding  water 
through  a  heater,  in  which  It  is 
heatedfrom  eOP  to  200°  .... 

Gtearedpump,  run  from  the  engine, 
feeding  water  through  a  heater, 
in  which  it  is  heatedf rom  00°  to 
200° 


Relative  Amount 
of  Coal  Required 
per  Unit  of  Time, 
the  Amount  for  a 
Direct-Acting 
Pump,  Feeding 
Water  at  00^,  with- 
out a  Heater ,beijig 
taken  as  Unity. 


Saving  of  Fuel 

over  the 

Amount 

Required 

when  the 

Boiler  is  Fed  by 
a  Direct- 
Acting  Pump 

without  Heater. 


.0 
1.5  per  cent. 

6.2       " 

12.1       «• 


13.2 


tt 


Sixes  for  Veed-lVater 

Three  and  six-tenths  gallons  of  feed-water  are  required  for  each  h.  p.  per 
hour.  This  makes  6  gallons  per  minute  for  a  100  h.  p.  boiler.  In  proportion- 
ing pipes,  however,  it  is  well  to  remember  that  boiler-work  Is  seldom  per- 
fectly steuady,  and  that  as  the  engine  cuts  off  just  as  much  steam  as  the  work 
demands  at  each  stroke,  cUl  the  discrq^cmcies  of  demand  and  supply  fuive  to 
be  equalized  in  the  boiler.  Therefore  we  may  often  have  to  evaporate  dur- 
ing one-half  hour  60  to  75  per  cent  more  than  the  normal  requirements.  For 
this  reason  it  is  sound  policy  to  arrange  the  feed-pipes  so  that  10  gallons 
per  minute  may  flow  through  them,  without  undue  speed  or  friction,  for 
each  100  h.  p.  of  boiler  capacity.  The  following  tables  will  faollitate  this 
work. 

Vta»le  CMvlBf-  Rate  of  Flow  of  Heater,  in  Foot  per  Mlaaie, 

Tlirouirl>  Plp«a  of  Varlona  Alsos,  for  VaiTiniT 

^nantitloa  of  JPlow. 


Gallons 
per  Min. 

fin 

lin. 

l^in. 

l*in. 

2  in. 

2*  in. 

Sin. 

4  in. 

5 

218 

122^ 

78* 

64* 

30* 

1»* 

13* 

^f 

10 

436 

246 

167 

100 

61 

38 

27 

16* 

15 

663 

367i 

235} 

163* 

91* 

58* 

40* 

la 

20 

872 

490 

314 

218 

122 

78 

54 

30} 
38* 

*J6 

109G 

612^ 

392* 

272* 

152* 

97* 

67* 

30 

736 

451 

327 

183 

117 

81 

46 

35 

867^ 

549* 

381* 

213* 

136* 

94* 

n 

40 

960 

628 

436 

244 

156 

108 

45 

1102i 

706* 

490* 

274* 

175* 

121* 

69 

60 

786 

646 

305 

196 

136 

761 

75 

•  •  • 

1177* 

817* 

467* 

292* 

202* 

116 

100 

1       •  •  • 

1000 

610 

380 

270 

153* 

125 

V  •   • 

•  •  ■ 

762* 

467* 

337* 

191} 

150 

•  •  • 

916 

585 

405 

230 

175 
200 

»        •  •  • 
■        •  •  • 

•  •  • 

•  •  • 

1067* 
1220 

682* 
780 

472* 
510 

268* 
306} 

{ 
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Table  CMtIbt  IiOM 


1, 


ia  Pi«Mare  dae  to 
iBCli,  for  Pipe  lOO  Vooc 


.  ii 


(By  G. . 

fL,  RlIlK, 

C.E.) 

Gallons 

Dia- 
eharsed 
per  Min. 

}in. 

lin. 

Uln. 

4  in. 

2  in. 

2iin. 

Sin. 

4in. 

5 

3.3 

0.84 

0.31 

0.12 

... 

•     •    • 

•     •     • 

•    •    ■ 

10 

13.0 

3.16 

1.06 

0.47 

0.12 

•    ^    • 

•     •     • 

•    •    • 

Ifi 

28.7 

6.96 

2.38 

0.97 

•     •     • 

•     ■     • 

•     ■     ■ 

•    •    * 

20 

60.4 

12.3 

4.07 

1.06 

0.42 

•    •    • 

•     •     • 

•       •       V 

26 

78.0 

19.0 

6.40 

2.62 

•     •     • 

0.21 

0.10 

•     ft     • 

30 

•     •     • 

27.6 

9.15 

3.75 

0.91 

•     •     • 

•     •     • 

•     •     • 

36 

•     •     • 

37.0 

12.4 

6.06 

•     «     • 

•     •     ■ 

•     •     • 

•     ■     • 

40 

•     •     • 

48U> 

16.1 

6J» 

1.60 

•     •     • 

•    •     • 

•     ■     • 

46 

•     •     ■ 

•  •  • 

20.2 

8.16 

•     •     • 

•     •     • 

•     •     • 

•     •     • 

60 

•     •     • 

24.9 

10.0 

2.44 

0.81 

a36 

ojn 

75 

•     •     • 

66.1 

22.4  . 

5.32 

1.80 

0.74 

•  •  • 

100 

•     •     • 

f     •     • 

39.0 

9.46 

3.20 

1.31 

033 

126 

•     •     • 

•     •     • 

•     •     • 

14.9 

4.69 

14» 

•     •    • 

160 

•     •     • 

•     •     • 

•     •    • 

21.2 

7.0 

2.86 

0.63 

176 

•     •     • 

•     •     ■ 

•    •     • 

28.1 

9.46 

3.85 

•      •    a 

200 

•     •     • 

•     •     • 

•    •     • 

87.6 

12.47 

6.02 

1.22 

of 


dae  to 


WelsbMk 


Bends  produce  a  loes  of  head  in  the  flow  of  water  in  pipet. 
gives  the  following  formula  for  this  loss : 

H=f  ^  where  H=  loss  of  head  in  feet,/=eoeflioientof  fricUon,  v  =  Te- 
locity of  flow  in  feet  per  second,  a  r=  32.2. 
As  the  loss  of  heador  preesore  is  inmost  oases  more  oonyenlentiT stated ta 

£[>iinds  per  square  inch,  we  may  change  this  formula  by  mnlUplyiiig  bf 
433,  wmch  is  the  eqaivalent  in  pounds  per  square  inch  for  one  foot  Aead. 
If  P  =  loss  in  pressure  In  pounds  per  square  inch,  Fz=  ooeAcieat  of  frio- 
tion. 

Pz=  F  2j-^,  V  being  the  same  as  before. 

From  this  formula  has  been  calculated  the  following  table  of  Talues  for  F, 
corresponding  to  various  exterior  angles,  A» 


A=z 
F  = 


This  applies  to  such  short  bends  as  are  found  in  ordinary  flttlngB,  such  as 
90°  and  46o  Ells,  Tees,  etc. 

A  globe  valve  will  produce  a  loss  about  equal  to  two  90°  bends,  a  atrali^t* 
way  valve  about  equal  to  one  4BP  bend.  To  use  the  above  formula  JlmtTtit 
speed  p.  second,  betng  one-sixtieth  of  that  found  in  Table  p,  1373 ;  tomaarm  tku 
^eed,  and  divide  the  result  by  64.4;  multiply  the  quotient  by  the  fnfmi«r 
value  (tT  F  corresponding  to  the  angle  of  the  turn,  A. 

For  mstance,  a  400  h.p.  battery  of  boilers  Is  to  be  fed  through  a  Mneh  pipe. 
Allowing  for  fluctuations  we  flffure  40  gallons  per  minute,  making  MCHet 
per  minute  speed,  equal  to  a  veiocitY  of  4.6  per  second.  Suppose  out  pipe  is 
in  all  75  feet  long ;  we  have  from  I^ble  No.  36,  for  40  ffailons  per  minute, 
1.60  pounds  loss ;  for  76  feet  we  have  only  75  per  cent  of  this  =  1.20  poonds. 
Suppose  we  have  6  right-angled  ells,  each  giving  /"=  0.426.  We  have  then 
4.06  X  4.06  =  16.48 ;  divide  this  by  64.4  =  0,256.    Multiply  this  by  ^=r  0.4SC 


20° 
0.020 

4ff> 
0.060 

46» 
0.079 

60° 
0.168 

0.320 

90° 
0.426 

100° 
0JM6 

1100 
0.674 

190O 
03» 
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poands,  and  m  there  are  6 ella.  multiply  again  by  «,  •n^l^*!^*^* •>!  ®-*?oS 
SS?- o!(S.  The  total  frlctiin  in  the  pipe  is  therefore  1J»  +  CUB64=  1^ 
pounds  per  sqnare  inch.  If  the  boiler  preesure  la  100  pounda  and  tiie  water 
ferel  in  the  boiler  la  8  feet  higher  than  the  pmnp  auction  leveL  we  have  first 
8  X  0.433  =  3.464  pounds.  The  total  pressure  on  the  Dump  plunger  then  is 
100+3.464  +  1.864=  106.32  pounds  per  square  inch.  If  in  place  o' «  n«nt^ 
angled  ells  we  had  used  three  46«  ells,  they  would  have  cost  na  only  8  x 
0X79  =  0.237  pounds ;  0.237  X  0.266  =  0X61.  ^  ^^        ^  ^.     ^  ^  _ 

ThrtSS  friction  tead  would  have  been  1.20  +  0.061  =  1.261,  and  the  total 
pressure  on  the  plunger  100+  3.464  4- 1.261  =  lo4.73  pounds  per  square  inch, 
a  saving  over  the  other  plan  of  nearly  0.6  pounds. 

To  be  accurate,  we  ought  to  add  a  certain  head  in  either  ease,  •*  to  produce 
the  velocity."    But  thisls  very  small,  being  for  velocities  of : 

A.        Q.        4:        5;        6;        g;       10;       12  and  18  feet  per  sec. 
0.027  ;  0.061 ;'  0.108 ;  0.168 ;  0.244 ;  0.433 ;  0.672 ;  OJWO  and  2.18  lbs.  per  sq.  In. 
Our  resuIU  should  therefore  have  been  increased  by  about  0.11  pounds. 

It  is  iwukl,  however,  to  use  larger  pipes,  and  thus  to  materially  reduce  the 

f  rictlonal  losses.  _^ 

Feed  ITater  Heaien. 

(W.  W.  Christie.) 

Feed  Water  Heaters  may  be  classifled  in  this  way  : 

Closed  Heaters  (indirect) 


Open  Heaters  (direct) 


Steam  tube. 
Water  tube. 
Atmospfaerlo. 
Vacuum. 


The  open  heater  Is  usually  made  of  cast  iron,  as  this  material  will  witlk> 
stand  tne  corrosive  action  of  acids  found  in  feed-waters  better  than  anv 
other  metal.  In  this  type  of  heater  the  exhaust  steam  from  engines  ana 
pumps,  and  the  feed-water  broken  up  into  drops  by  suitable  means,  are 
Drought  into  immediate  contact,  and  the  steam  not  condensed  in  heating 
the  water  passes  off  to  the  atmosphere.  The  quantity  of  water  that  can  be 
heated  is  only  limited  by  the  amount  of  steam  and  water  that  can  be 
brought  together.  The  steam  condensed  in  heating  the  water  is  saved  and 
utilized  for  boiler  feed.  An  open  heater  should  be  provided  with  an  effi- 
eient  oU-separator,  a  large  settling-chamber  or  hot  well  in  wblch.  If  desired, 
a  filtering  bed  of  suitable  material  can  be  placed  to  insure  the  removal  from 
the  water,  of  all  the  impurities  held  in  suspension,  a  device  for  skim- 
ming the  surface  of  the  water  to  remove  the  Impurities  floatinff  on  the  water, 
and  a  large  blow-off  opening  placed  at  the  lowest  point  in  the  neater. 

2%€  cloied  heater  Is  made  with  a  wrought-iron  or  steel  cylindrical  shell 
and  cast- or  wrought-lron  heads,  having  Iron  or  braes  tubes  inside,  set  in 
tube  plates  so  as  to  make  steam-  and  water-tight  joints,  provision  being  made 
for  the  expansion  and  contraction  of  the  tubes.  According  to  the  particular 
deaign  of  the  heater,  ^e  exhaust  steam  paKses  through  or  around  the  tubea. 
the  water  being  on  the  opposite  of  the  walls  of  the  tubes.  The  steam  and 
water  are  separated  by  metal  through  which  the  heat  of  the  exhaust  steam 
is  transmitted  to  the  water.  As  an  oU-eeparator  Is  very  seldom  attached  to 
a  closed  heater,  the  steam  condensed  in  neating  the  water  Is  wasted.  The 
qnantl^  of  water  that  can  be  heated  Is  limited  ny  the  amount  of  heat  that 
ean  be  transmitted  through  the  tubes.  The  efficiency  of  heat  transmission 
is  deereased  by  the  coating  of  oil  that  covers  the  steam  side,  and  the  crust 
of  scale  that  coats  the  water  side  of  the  tubes.  Ko  provision  can  be  made 
for  purifymg  the  water  In  a  closed  heater,  as  the  constant  circulation  of  the 
water  prevents  the  impurities  from  settling.  The  impurities  that  are  in  the 
water  paas  on  into  the  boiler.  Purification  must  be  done  by  means  of  an 
auxiliary  apparatus. 

When  used  with  a  eondenser,  the  feed  water  heater  will  increase  ^e 
vacuum  1  to  2  Inches ;  when  used  with  cold  feed  water,  the  economy  is  in- 
creased from  7  to  14  per  cent ;  if  feed  water  Is  from  a  hot  well,  7  to  8  per  cent. 

Two  things  are  very  essential  to  the  successful  working  of  all  heaters,— 
they  must  be  kept  clean  from  scale  and  oil  deposits,  and  sufficient  exhaust 
steam  must  be  sent  through  them. 

The  probability  of  there  being  much  scale  ingredients  thrown  down  in  a 
closed  heater  where  temperature  never  exceeds  212°  F.,  and  In  an  open  heater 
where  temperature  approaches  more  nearly  to  steam  temperature,  la  shown 
^  this  table. 
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Temperatures  at  which  soale-formlng  ingredients  are  precipitated  : 

Carbonate  of  lime 176«>-24«'^  F. 

Chloride  of  magnesium 212«-26T**  K. 

Sulphate  of  lime 284°  F.-4240  F. 

Chloride  of  sodium 324°  F.-3S40  f. 

The  rating  of  a  feed-water  heater  of  the  closed  type  is  a  subject  aboot 
which  little  nas  been  written,  but  the  common  rule  is  to  giro  |  square  feel 
of  heating  surface  for  one  boiler  horse-power. 

In  designing,  however,  the  heating  surface  should  be  made  lar«e  enoq^ 
or  ample  to  transmit  the  maximum  number  of  heat  units  per  unit  of  tise. 
and  then  the  water  velocity  should  be  adjusted  to  suit  the  capacltj  required. 

For  heat  transmitted,  one  well-known  manufacturer  uses  360  6.  T.  Cnitt 

Eer  degree  F.  difference  of  temperature  per  square  foot  of  heat  ingsurf are  per 
our,  as  a  maximum ;  other  types  of  heaters  would  use  only  150  to  200  B.  T.  U.^i 
as  the  maximum. 

As  the  tubes  forming  the  heating  surface  In  closed  heaters  are  madeo< 
different  materials,  if  we  take 


Copper  as 100 

Brass  as 87 


Wrought  iron  as 
Cast  iron  as 


58 
48 


we  can  readily  see  that  if  one-third  square  foot  surface  area  is  right  for  a 
copper  pipe,  we  will  need  ^  of  i  or  |f|,  or  about  six-tentlis  for  iron  cotis. 
per  boiler  horse-power. 

The  power  to  transmit  heat  varies  not  only  with  the  material,  but  wHt>o  with 
the  design  of  the  heater,  the  velocity  of  the  water,  and  water  and  steaa 
capacity  of  the  heater. 

The  velocity  of  the  water  through  the  heater  should  be  from  100  to  3BI 
feet  per  minute. 

The  proportions  of  open  heaters  depend  largelv  upon  the  character  of  tb« 
water  used  in  the  heater,  for  it  should  have  sumcient  time  to  become  th<>f- 
oughly  heated  and  the  scale-forming  ingredients  settled  and  eliminated  froa 
the  feed  as  it  passes  out  of  the  heater. 
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OiNoioATi  fCAiN  Tulu         HEAT  ABSORPTION  CURVES 

•  XORRUSATtP  TVtU 


Fia.  6. 

(W.  W.  Christie.) 

In  converting  water  at  32°  F.  into  steam  at  atmospheric  pressure,  it  must 
be  niiaed  to  212^  F.,  the  boiling  point. 

The  specific  heat  of  water  varies  somewhat  with  its  temperature,  so  that  to 
raise  a  pound  of  water  from  32*'  to  212°  F.  or  180°  F.,  requires  180.8  heat  units. 

To  convert  it  into  steam,  after  it  has  reached  212°  F.,  requires  966.8  beat 
Onlts,  or  in  all  ]80.8-|- 965.8=  1146.6  units  of  heat,  thermal  units. 

The  saving  to  be  obtained  by  the  use  of  waste  heat,  as  exhaust  steam, 
heating  the  water  by  transfer  of  some  of  its  heat  thn>ugh  metal  walls,  is 
calculated  by  this  formula: 


GalD  Id  pet  ee 


MQi-*,) 


=  ii-l^fii  ""^^  <">"h. 


32°r.)in  B.  T.  U, 

*,  =  hM(  lu  (eed-walar  I. 

k,  =  haul  lu  feed-wsl«r>aboie 32°  F.)  before  ti< 

giTeu!T^lHe.»,t,^2Vl.l^^m,  or  a  dttTersDoe  of  100°:  and  ws  obUIn  bf 
oae  of  tbB  above  formula,  j^tii  In  put  datit  =  9.37,  or  for  10°  approxltiultelT 
.SOT  per  cent,  for  11°  l.K  per  cent,  to  we  may  mj  that  for  every  11"  F.added 
to  tbe  feed-water  temperature  by  lua  of  tba  eiliaust  ateam,  I  per  cent  of 
fuel  aavlQg  reflalCa, 

The  Uble  Ttalgb  foilowi  Ea  taken  from  ■'  Power." 

Waate  McaM,  atflBH  at  »0  B»Br-"-  " ~ 


11 

laa' 

130°    110° 

150° 

180ojlT0» 

ISDO 

-1-1- 

sao° 

- 

38- 

i 

56° 
TO" 

i 

90° 
SB" 
100" 

6,4- 

t% 

*.» 
4.31 

3A! 

i!si 

TJO    8.18 

eja   T.76 
4M  sin 

4.42    B.33 

4.W  4.»a 

3.6»    4.48 

T,S4 
4JJ3 

8.32 
T.U 

6:44 

10>8 

b!4o 

10.47 

7I20 

ii!m 

lOJiJ 
8,18 

b:m 

loier 

i4*.Ge 

14.22 

II 

S.B8 

1; 

16 

iflise 
isiso 

mnembered  tl 

■te»n.  Uklng 

bamt  steam  rr 

of  oold  water,  iroiD  dv  10  'zi 

ooDdenaer  pgmpg,  are  mora 

nasd  tor  heatlni  feed-water 

lug  englDea.    With  the  pui 


safried  away  In  the  condendng  water. 

While  the  aupply  of  eihamt  from  th«e  pnmpa 
Tal«e  the  tetopetature  to  the  hlgheil  point,  yet  the  ■ 


ip  Eikaaat. 

nefl  from  the  ateam 
1-lce,  boiler- feeding,  etc. ;  or  in  eondenalng  plants 
supply,  uid  boiler  feed-pumps.  It  ibouliTalio  be 
st-aetfng  Bleam    pnnips  are  large  eoEBUmera  of 


rs« 


tal  heat  la  the  al 


Theae  raanlCs  d 
"dpen**  heatera  01 
nlnlahlng  (he  arei 


ng  le  Ifti 

the  purifying   a 
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fteoompanyliig  the  lue  of  a  hot  feed  reduoes  tlie  repaln  and  lerngthiiM  Oe 
Ufe  of  all  boi^ra. 

If  the  quantity  of  water  passing  through  the  heater  is  only  what  is  n- 
auired  to  f arnish  steam  for  the  engine  from  which  the  exhaust  oomes,  man 
than  four-fifths  of  thiH  exhaust  steam  will  remain  unoondensed,  and  vifi 
thus  become  available  for  other  purposes,  such  as  heating  buildings,  drjer 
systems,  etc. ;  in  which  case  the  returns  can  be  sent  bacK  to  the  Soilerl^ 
suitable  means. 

JFUKl^    JBCOJlOlHfZCItS. 

Performance  of  a  Green  Eoonomizer  with  a  Smoky  Goal. 
(D.  K.  Clark,  S.  E.,  p,  286.) 

From  tests  by  M.  W.  Grosseteste,  covering  a  period  of  three  irnoki  on  s 
Green  economizer,  using  a  smoke-making  coal,  with  a  constant  rate  of  cob- 
bustion  under  the  boilers,  it  is  apparent  that  tnere  is  a  great  advantage  is 
cleaning  the  pipes  daily  —  the  elevation  of  temperatm  e  having  been  tat- 
creaeed  oy  it  from  SSP  to  153°.  In  the  third  week,  without  cleaning,  the  «le- 
yation  of  temperature  relapsed  in  three  davs  to  the  level  of  the  flnt  week; 
even  on  the  first  day  It  was  quickly  reduced  by  as  much  as  half  the  eztnt 
of  relapse.  By  cleaning  the  pipes  daily  an  increased  elevation  of  terapen- 
ture  of  66°  F.  was  obtained,  whilst  a  gain  of  6  %  was  effected  in  the  eTapon* 
tlve  efficiency. 

The  action  of  Green's  economizer  was  tested  by  M.  W.  Groeseteste  far  t 
period  of  three  weeks.  The  apparatus  consists  of  four  ranees  of  reitiesi 
pipes,  6^  feet  high,  3^  inches  in  diameter  outside,  nine  pipes  in  each  raan 
connected  at  top  and  bottom  by  horizontal  pipes.  The  water  enters  aUlM 
tubes  from  below,  and  leaves  them  from  above.  The  system  of  pipes  i> 
enveloped  in  a  brick  casing,  into  which  the  gaseous  products  of  oomSiKtka 
are  introduced  from  above,  and  which  they  leave  from  below.  The  pipei 
are  cleared  of  soot  externally  by  automatic  scrapers.  The  oapaoltylv 
water  is  24  cubic  feet,  and  the  total  external  heating-surfaoe  is  S90  aqosR 
feet.  The  apparatus  is  placed  in  connection  with  a  boiler  having  365  aqiiin 
feet  of  surface. 

Qreen*i  Economizer.  -—  JiestUti  of  ExpeHmenti  on  its  Efficiency  as  Jif^tiii 

by  the  State  of  the  Surface, 

(W.  Grosseteste.) 


Temperature  of  Feed- 

Temperature  of  Ga»- 

water. 

eous  Produeta. 

Tn». 

February  and  March. 

Enter- 

Leav- 

Enter- 

Leav- 

ing 
Feed- 

ing 
Feed- 

Differ- 
ence. 

ing 
Feed- 

ing 
Feed- 

IMffar- 

heater. 

heater. 

heater. 

heater. 

Fahr. 

Fahr. 

Fahr. 

Fahr. 

Fahr. 

Fsbr. 

1st  Week 

73.6° 

161  JS° 

88.0° 

849^ 

2610 

388° 

2d  Week 

77.0 

230.0 

163.0 

882 

297 

66B 

3d  Week  — Monday  .    . 

73.4 

196.0 

122.6 

831 

284 

547 

Tuesday  .    . 

73.4 

181.4 

106.0 

871 

309 

081 

Wednesday 

79.0 

178.0 

99.0 

Thursday    . 

80.6 

170.6 

90.0 

952 

329 

8B 

Friday     .    , 
Saturday     . 

80.6 

169.0 

88.4 

889 

338 

651 

79.0 

172.4 

98.4 

901 

361 

560 

1st  Week. 

Goal  consumed  per  hour 214  lbs. 

Water  evaporated  from  32^  F.  per  hour  1424 
Water  per  pound  of  coal 6j6B 


2d  Week. 

216  Iba. 
1525 
7j06 


3d  Week. 
213  Iba 


CIO 
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The  Fuel  Eeonomlser  Companyj^Hatteawan,  N.Y.,  describe  the  eonitme- 
tlon  of  Green's  eoonomlzer.  tniu:  The  economizer  oonalBts  of  a  series  of  sets 
of  cast-Iron  tubes  aboat  4  Inches  in  diameter  and  9  feet  in  length,  made  In 
sections  (of  various  widths)  and  connected  by  "  top"  and '*  bottom  headers," 
these  Main  being  conpled  by  '*  top  *'  and  **  bottom  branch  pipes  "  running 
lengthwise,  one  at  the  top  and  the  other  at  the  bottom,  on  opposite  sides 
ana  outside  the  brick  chamber  which  encloses  the  apparatus.  The  waste 
gases  are  led  to  the  eeonomlser  by  the  ordinary  flue  from  the  boilers  to  the 
ohlmney. 

The  feed-water  is  forced  into  the  economizer  by  the  boiler  pump  or  in- 
jector, at  the  lower  branch  pipe  nearest  the  point  of  exit  of  gases,  and 
emerges  from  the  economizer  at  the  upper  branch  pipe  nearest  the  point 
-where  the  gases  enter. 

Each  tube  is  provided  with  a  geared  scraper,  which  travels  continuously 
up  and  down  the  tubes  at  a  slow  rate  of  speed,  the  object  being  to  keep  the 
external  surface  clean  and  free  from  soot,  a  non-conductor  of  neat. 

The  mechanism  for  working  the  scrapers  is  placed  on  the  top  of  the  econ- 
omizer, outside  the  chsjuber,  and  the  motive  power  is  supplied  either  by  a 
l>elt  from  some  convenient  shaft  or  small  independent  engine  or  motor. 
The  power  required  for  operating  the  gearing,  however,  is  very  small. 

The  apparatus  is  fitted  with  blow-ofrand  safety  valves,  and  a  space  is  pro- 
vided at  the  bottom  of  the  chamber  for  the  collection  of  the  soot,  which  is 
removed  by  the  scrapers. 

One  boiler  plant  equipped  with  the  Green  economizer  gave,  under  test, 
these  results. 

The  total  area  of  heating  surface  in  the  plant  was  8,126  square  feet,  and 
the  number  of  tubes  in  the  economizer  100.    The  results  were  as  follows:  — 


Particulars  of  Test. 


1.  Duration  of  test hours 

2.  Weight  of  dry  coal  consumed lbs. 

3.  Percentage  of  ash  and  refuse  .    .    .    per  cent 

4.  Weight  ox  coal  consumed  per  hour  per  square 

foot  grate  surface lbs. 

6.  Weight  of  water  evaporated lbs. 

6w  Horse-power  developed  on  basis  of  90  lbs.  per 

h.p.  fed  at  100^  and  evaporated  at  70  lbs.,  n.p. 

7.  Average  boiler  pressure  (above  atmosphere), 

lbs. 

8.  Average  temperature  of  feed-water  entering 

economizer deg.  Fahr. 

9.  Average  temperature  of  feed-water  entering 

boilers deg.  Fahr. 

10.  Number  of  degrees  feed-water  was  heated  by 

economizer deg.  Fahr. 

11.  Average  temperature  of  flue  gases  entering 

economizer deg.  Fahr. 

12.  Average  temperature  of  flue  gases  entering 

chlnmey deg.  Fahr. 

18.  Number  degrees  flue  gases  were  cooled  by  econ- 
omizer   deg.  Fahr. 

14.  Lbs.  water  evaporated  per  lb.  of  coal,  as  ob- 
served     

16.  Equivalent  evaporation  per  lb.  of  coal  from 
andat212o 

10.  Percentage  gained  by  using  the  economizer 

per  cent 


Econo- 
mizer 
working, 
Dec.  15. 

Econo- 
mizer not 
working, 
Dec.  16. 

IIJ} 
8,743 
7Ji 

llJi 
9,604 
7.7 

16.2 
84,078 

16.8 
82,726 

247.0 

243JS 

68.2 

67.2 

84.2 

•    •    • 

196.2 

82.0 

112. 

•    •    • 

435. 

•    •    • 

279. 

468.0 

166. 

•    •    • 

9.617 

8JUS 

11.204 

9J66 

12Ji 

«    •    » 

The  steam  in  this  test  contained  1.3  per  cent  of  moisture. 
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W.  8.  Hutton  glyes  the  following  results  of  testa  of  a  steam  boiler  vitk 
and  without  an  economizer. 


With  Econ- 
omizer. 

Witbom 
Econo- 
mizer. 

Duration  of  test,  hoars 

7856 

68 

88 
225 
137 
618 
965 
253 

10.613 

28.9 

lOK 

Weiffht  of  coal,  pounds 

Steam  pressure,  pounds 

Temp,  water  entering  economizer,  degrees  .    .    . 

**          *•            *'        boiler,  degrees 

Degrees  feed-water  heated  by  economizer    .    .    . 
Temp,  gases  entering  economizer,  degrees  .    .    . 

**          **            **        chimney,  degrees   .... 

Degrees  gases  cooled  by  economizer 

Evaporation  per  lb.  coal,  from  and  at  212°,  pounds 
Saving  by  economizer,  per  cent 

57 

•  «     • 

85 

•  •     • 

•  •     • 

615 

•  •  • 
8.S35 

C^reea'a  I*ael  KcoaoBtlser. — Clark  gives  the  following  averagv  re- 
sults of  comparative  trials  of  three  boilers  at  Wigan  used  with  and  witbouk 
economizers : 


Without 
Economizers. 

Goal  per  square  foot  of  srate  per  hour  .    .    .    21.6 
Water  at  100^^  evaporated  per  hour     ....    73JS6 
Water  at  212<'  per  pound  ox  coal 9.60 


With 
Eoooomlaen. 

21.4 

79.32 

lOJMt 


Showing  that  in  burning  equal  quantities  of  coal  per  hour  the  rapidity  ci 
evaporation  is  increased  9.3%  and  the  efficiency  of  evaporation  10%  by  tbs 
addition  of  the  economizer. 

The  average  temperature  of  the  gases  and  of  the  feed-water  before  and 
after  passing  the  economizer  were  as  follows : 


With  6-f t.  grate. 

Before.     After. 
Average  temperature  of  gases  .     .    .    6tf  340 

Average  temperature  of  feed-water  .     47  157 


With  4-ft.  grate 
Before.     After. 
501  312 

41  137 


Taking  averages  of  the  two  grates,  to  raise  the  temperature  of  the  feed- 
water  1(XP,  the  gases  were  cooled  down  WP. 


STKAM    SKPARATORS. 


Oarefully  conducted  experiments  have  shown  that  water,  oil.  or  other 
liquids  passing  through  pmes  along  with  steam  do  not  remain  thoronghb 
mixed  with  the  steam  itself,  but  that  the  major  portion  of  these  liquids  M- 
lows  the  inner  contour  of  the  pipe,  especially  in  the  case  of  borizontal 
pipes. 

From  this  it  would  necessarily  follow  that  a  rightly  designed  separator  to 
meet  these  conditions  must  Interrupt  the  run  of  the  liquia  by  breakliw  the 
continuity  of  the  pipe,  and  offering  a  receptacle  into  which  the  liquid  will 
flow  freely,  or  fall  by  gravity  —  that  this  appliance  must  f urtber  offer  the 
opportunity  for  the  liquid  to  come  to  rest  out  of  the  current  of  steam,  torit 
is  not  enough  to  simply  provide  a  well  or  a  tee  In  the  pipe,  since  the  current 
would  Jump  or  draw  ihe  liquid  over  this  opening,  especially  if  the  rekwity 
was  high. 

It  is  also  evident  that  means  must  be  provided  in  this  appliance  for  intci^ 
rnpting  the  progress  of  those  particles  of  the  liquid  which  are  trareling  ia 
the  current  of  the  steam,  and  do  this  In  such  a  way  that  these  parUelea  will 
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also  be  detained  and  allowed  to  fall  into  the  reoeptaole  proTlded,  which 
receptacle  must  be  fully  protected  from  the  action  of  the  current  of  the 
steam :  otherwiee,  the  separated  partioles  of  water  or  oil  will  be  picked 
upand  carried  on  past  the  separator. 

To  prerent  the  current  from  jumping  the  liquid  over  the  well,  and  to 
Interrupt  the  forward  movement  of  tnose  particles  travelins  in  or  with  the 
enrrent,  It  follows  that  some  obstruction  must  be  interposed  in  the  path  of 
the  current.  * 

Steam  separators  should  always  be  placed  as  near  as  possible  to  the  steam 
Inlet  to  the  cylinder  of  the  engine.  Oil  separators  are  placed  in  the  run  of 
the  exhaust  pipe  from  engines  and  pumps,  for  the  purpose  of  removing  the 
oil  from  the  steam  before  it  ia  used  in  any  way  where  the  presence  of  oil 
would  cause  trouble. 

Prof.  B.  G.  Carpenter  conducted  a  series  of  tests  on  separators  of  several 
makes  in  1891.  Gnie  following  table  shows  results  under  various  oonditioni 
of  moisture : 


1. 

%4S 

Test  with  Steam  of  about  10% 
of  Moisture. 

Testa  with  Varying  Moiatnre. 

3 

Quality  of 

Steam 

Before. 

Quality  of 
Steam 
After. 

Efficiency 
per  cent. 

Quality  of 

Steam 

Before. 

Quality  of 
Steam 
After. 

Average 
Sffloienoy. 

B 
A 

D 
C 
E 

F 

87.0% 

90.1 

89.6 

90.6 

88.4 

88.9 

98.8% 

98.0 

95.8 

93.7 

90.2 

92.1 

90.8 
80.0 
60.6 
33.0 
15JS 
28.8 

66.1  to  07.5% 
51.9  ••  98 

72.2  •«  96.1 
67.1  "  96.8 
68.6  **  98.1 
70.4  "  97.7 

97.8  to  99  % 

97.9  "99.1 
95JS  "  98.2 
93.7  "  98.4 
79.3  "  9&Ji 
84.1 "  97.9 

87.6 
76.4 
71.7 
63.4 
86.9 
28.4 

Gonolusions  from  the  tests  were :  1.  That  no  relation  existed  between  the 
Tolume  of  the  several  separators  and  their  efficiency. 

2.  No  marked  decrease  in  pressxure  was  shown  by  any  of  the  separators, 
the  most  being  1.7  lbs.  in  E. 

3.  Although  chanced  direction,  reduced  velocity,  and  perhaps  centrifugal 
force  are  necessary  for  sood  separation,  still  some  meana  must  be  provided 
to  lead  the  water  out  or  the  current  of  the  steam. 

A  test  on  a  diiferent  separator  from  those  given  above  was  made  by  Mr. 
Charles  H.  Parker,  at  the  Boston  Edison  Company's  plant,  In  November, 
1897,  and  the  following  results  obtained  : 

liength  of  run 3-4  hrs. 

Average  pressure  of  steam 158  lbs.  per  sq.  in. 

Temperature  of  uppor  thermometer  in  calorimeter  on 

outlet  of  separator 368J^°  F. 

Temperature  of  lower  thermometer  in  calorimeter  on 

outlet  of  separator 291.7^  F. 

Normal  temperature  of  lower  thermometer,  when  steam 

is  at  rest 292.9<'  F. 

Degrees  oooling  as  shown  by  lower  thermometer    .    .    .  1.2^  F. 

Moisture  in  steam  deliversd  by  separator  as  shown  by 

cooling  of  lower  thermometer .06  per  cent. 

Water  discharged  from  separator  per  hour 62  lbs. 

Steam  and  entrained  water  passing  through  engine,  as 
shown  by  discharge  from  air  pump  of  surface  con- 
denser      f    .    .    .    .  7389  lbs. 

Steam  and  entrained  water  entering  separator    ....  7411  lbs. 

Moisture  taken  out  by  separator 72 

Total  moisture  in  steam  (.06  plus  .72)     .    • 78  per  oent. 

KAclency  of  separator 92.3  per  oent. 
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CalcolatioM  of  Wvlg-lit,  •!».•  for  liovor  ftafoty-ValTe. 

Let  W=  weight  of  ball  at  end  of  lever,  in  ponnda ; 
w  =  weight  of  lever  itself,  in  pounds ; 
•  r=weiihtof  valve  and  spindle,  in  pounds;      „  ,    ,     , 
L  =  distance  between  fulcrum  and  center  of  ball,  in  Lnches  ; 
I  =  distance  between  fulcrum  and  center  of  valve,  in  inches  \ 
g  =  distance  between  fulcrum  and  center  of  gravity  of  lever,  in  inelifli; 

A  rr  area  of  valve,  in  square  Inches ;  .  .vi^w  ^.i--^  .in 

P  =  pressure  of  steam,  in  pounds  per  square  inch  at  whicli  TUve  will 

open. 

ThenP^Xi=  W X  L  +  «  X  g-\- VX  li 


whence  P  = -j^ — 


VI 


_      PAl—u>g--Vl 


ExAMPiiB. — Diameter  of  valve,  4  inches ;  distance  from  f  alcrnm  to  oentcr 
of  ball,  36  inches ;  to  center  of  valve,  4  inches  ;  to  center  of  gravi^  <«  l«wr, 
16  inches  :  weight  of  valve  and  spindle,  6  lbs. ;  weight  of  lever,  10  Iba. ;  «► 
quired  the  weSit  of  ball  to  make  the  blowing-o»  pressure  100  lbs.  per 
square  inch ;  area  of  4-inoh  valve  =  12.668  square  inches.    Then 

„     PAl^wg—  r<  _  100  X  12.566  X4  —  10X16-6X4  —  ^3m|^. 


Aaloft  Ch»Toniiar  Safety- ValT4 

(Rule  of  U.  8.  Supervising  Inspectors  of  Steam-vessels  as  amended  18M.) 

The  distance  from  the  fulcrum  to  the  valve-stem  must  in  no  case  be  less 
than  the  diameter  of  the  valve-opening ;  the  length  of  the  lever  mnst  not  be 
more  than  ten  times  the  distance  from  the  fulcrum  to  the  valve^tem ;  the 
width  of  the  bearings  of  the  fulcrum  must  not  be  less  than  three-quarten 
of  an  Inch  ;  the  length  of  the  fulcrum-link  must  not  be  less  than  four  Inches; 
the  lever  and  fulcrum-link  must  be  made  of  wrought  iron  or  steel,  and  the 
knife-edged  fulcrum  points  and  the  bearings  for  these  points  must  be  made 
of  steel  and  hardenea :  the  valve  must  be  guided  by  its  spindle,  both  above 
and  below  the  ground  seat  and  above  the  lever,  throueh  supports  either 
made  of  composition  (gun-metal)  or  bushed  with  it ;  ana  the  spindle  most 
fit  loosely  in  the  bearings  or  supports. 

liever  safety-valves  to  be  attached  to  marine  boilers  shall  hare  an  area  of 
not  less  than  1  square  inch  to  2  square  feet  of  the  grate  surface  in  the 
boiler,  and  the  seats  of  all  such  saf ety-^Al^es  shall  have  an  angle  of  Inellna- 
tion  of  ASP  to  the  center  line  of  their  axes. 

Spring-loaded  safety-valves  shall  be  required  to  have  an  area  of  not  less 
than  1  square  inch  to  3  square  feet  of  srate  surface  of  the  boiler,  except  as 
hereinafter  otherwise  provided  for  water-tube  or  coil  and  sectional  bouers, 
and  each  spring-loaded  valve  shall  be  supplied  with  a  lever  that  will  ralee  the 
valve  from  its  seat  a  distance  of  not  less  than  that  equal  to  one-elghtb  the 
diameter  of  the  valve-opening,  and  the  seats  of  all  such  safety-valves  shaD 
have  an  angle  of  inclination  to  the  center  line  of  their  axes  af  4B^.  All 
spring-loadM  safety-valves  for  water-tube  or  coil  and  sectional  boilen 
required  to  carry  a  steam-pressure  exceeding  175  lbs.  per  square  ineb  shall 
be  required  to  liave  an  area  of  not  less  than  1  square  inch  to  6  sqoare  feel 
of  the  srate  surface  of  the  boiler.  Itothlng  herein  shall  be  oonstrued  so  as  to 
prohibit  the  use  of  two  safety-values  on  one  water-tube  or  coil  and  aeetloiial 
Doiler,  provided  the  combined  area  of  such  valves  is  equal  to  that  required 
by  rule  for  one  such  valve. 
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ETery  boiler  when  fired  eeparately,  and  erery  set  or  series  of  boilers  when 
placed  over  one  fire,  shall  have  attached  thereto,  without  the  interposition 
of  any  other  valve,  two  or  more  safety-valves,  the  aggregate  area  ot  which 
shall  have  such  relations  to  the  area  of  the  grate  and  the  pressure  within 
the  boiler  aa  is  expressed  in  sohedule  A. 

ScHiSDDLB  A.— Least  aggregate  area  of  safety-valve  (being  the  least  sec- 
tional area  for  the  dificharge  of  steam)  to  be  placed  upon  all  stationary 
boilers  with  natural  or  chimney  draught  (see  note  a). 

22.6(7 

P  +  8.62» 

in  which  A  is  area  of  combined  safety-valves  in  inches ;  G  is  area  of  grate  In 
square  feet ;  P  is  pressure  of  steam  in  pounds  per  square  inch  to  be  carried 
in  the  boiler  above  the  atmosphere. 

The  following  table  gives  the  results  of  the  formula  for  one  square  foot  of 
grate,  as  applied  to  bouers  used  at  different  pressures  : 

Pressures  per  square  inch : 

10     20     30     40     60     eO     70     80     90      100      110     120     160     176 
Valve  area  in  square  Inches  corresponding  to  one  square  foot  of  grate : 
1.2     .70     .68     .46     .38      .33     .29     .25     .23     .21     .19     .17     .14     .12 
[NOTB  a.]  —  Where  boilers  have  a  forced  or  artificial  draught,  the  inspec- 
tor must  estimate  the  area  of  grate  at  the  rate  of  one  square  foot  of  grate 
surface  for  each  16  lbs.  of  f  ueiburned  on  the  average  per  hour. 

The  various  rules  given  to  determine  the  proper  area  of  a  safety-valve  do 
not  take  into  account  the  efTectivo  discharge  area  of  the  valve.  A  correct 
rule  should  make  the  product  of  the  diameter  and  lift  proportional  to  the 
weight  of  steam  to  be  discharged. 

Ifc.  A.  G.  Brown  {The  Indicator  and  its  Practical  Working)  gives  the  fol- 
lowing as  the  lift  of  the  lever  safety-valve  for  100  lbs.  gauge  pressure.  Tak- 
ing the  effective  area  of  opening  at  70  per  cent  of  the  product  of  the  rise  and 
the  circumference 


Diameter  of  valve,  inches     2 
Rise  of  valve,  inches    .    .  .0683 


.0623 


3  3(         4  41         5  6 

.0607      .0482    .0478     .0M2    .0446    .043 

For "  pop "  safety-valves,  Mr.  Brown  gives  the  following  table  for  the 
rise,  effective  area,  and  quantity  of  steam  discharged  per  hour,  taking  the 
effective  area  at  60  per  cent  of  the  actual  on  account  of  the  obstruction 
which  the  lip  of  the  valve  offers  to  the  escape  of  the  steam. 


DL  valve  in. 

1 

H 

2 

^ 

3 

3i 

4 

4| 

6 

6 

Li  ft  inches. 

.126 

.150 

.176 

.200 

.225 

.260 

.276 

.300 

.825 

.375 

Area,Bq.  In. 

.196 

.354 

JS60 

.785 

1.061 

1.375 

1.728 

2.121 

2Ji53 

3J»5 

Gauge- 
press. 

* 

Steam  discharged  per  hour,  lbs. 

30  lbs. 

474 

856 

1330 

1897 

2563 

3325 

4178 

5128 

6173 

8578 

60 

669 

1209 

1878 

26B0 

3620 

4695 

5901 

7242 

8718 

12070 

70 

861 

1566 

2417 

3450 

4660 

6144 

7506 

9324 

11220 

15635 

90 

1060 

1897 

2947 

4207 

5680 

7370 

9*^00 

11365 

13685 

18946 

100 

1144 

2065 

3206 

4580 

6185 

8322 

10080 

12375 

14896 

20625 

120 

1332 

2406 

3736 

5332 

7202 

9342 

11735 

14410 

17340 

24015 

140 

1616 

2738 

4254 

6070 

8200 

10635 

13365 

16405 

19745 

27340 

leo 

1696 

3064 

4760 

6794 

9175 

11900 

14955 

18366 

22095 

30606 

180 

1883 

3400 

5283 

7540 

10180 

13250 

16695 

20370 

24520 

33960 

200 

2062 

3724 

5786 

8258 

11150 

14465 

18175 

22310 

26855 

37185 

If  we  also  take  30  Ibe.  of  steam  per  hour,  at 
h.  p.,  we  have  from  the  above  table  : 

Diameter  inches    .1      Ji       2      .^      3 


100  lbs.  gauge-pressure  =  1 


Horse-power 


38 


107  153  206 


3* 
277 


4 

336 


412 


6 
496 
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A  boiler  baring  ample  grate  stuf aoe  and  strong  draft  may  geoMnte 
double  tbe  quantity  of  steam  its  rating  calls  for ;  tberefore  In  det^miaicc 
the  proper  size  of  safety-valve  for  a  boiler  this  fact  shoold  be  taken  iato 
consideration  and  the  effective  discharge  of  the  valve  be  doable  the  rated 
steam-producing  capacity  of  the  boiler. 

The  Consolidated  Safety-valve  Co.'s  olroular  gives  the  following  nttd 
capacity  of  its  nickel-seat  **  pop  "  safety-valves : 


Size,  in    .    . 
Boiler  (from 
HJ».     (      to 


1 

8 

10 

a 

2 

35 

n 

3 
76 

1% 

/» 

& 

5 
175 

10 

15 

90 

60 

76 

100 

126 

160 

179 

200 

Si 


The  Committee  of  the  A.  S.  M.  E.  on  Boiler-tests  recommended  the  fol> 
lo-wins  revised  code  of  rules  for  conducting  boiler  trials.  (Trans.  voL  a. 
See  also  p.  34,  vol.  xxi,  A.  S.  M.  £.,  for  latest  code. 

CODB  OP  1897. 
Preliminaries  to  a  Triai, 

K,  Determine  at  the  outeet  the  specific  object  of  the  proposed  trial,  whetha 
it  be  to  ascertain  the  capacity  of  the  boiler,  its  efficiency  as  a  steam  geoer- 
ak>r,  its  efficiency  and  its  defects  under  usual  working  conditions,  the  eeo» 
ouiy  of  some  particular  kind  of  fuel,  or  the  effect  of  changes  of  deaifE^ 
proportion,  or  operation  ;  and  prepare  for  the  trial  accordingly. 

II.  Excunine  the  bailer,  both  outside  and  inside ;  ascertain  the  dimensiofli 
of  grates,  heating  surfaces,  and  all  Important  parts;  and  make  a  foil 
record,  describing  the  same,  and  illustrating  special  features  br  Bketeho. 
The  area  of  heating  surfaces  is  to  be  computed  from  the  outside  diameter  of 
water-tubes  and  the  inside  diameter  of  flre-tubes.  All  surfaces  below  tbe 
mean  water  level  which  have  water  on  one  side  and  products  of  conabastiaB 
on  the  other  are  to  be  considered  water-heating  suxfaoe.  and  all  amfacst 
above  the  mean  water  level  which  have  steam  on  one  side  and  products  of 
combustion  on  the  other  are  to  be  considered  as  superheating  surface. 

III.  Notice  the  general  condition  of  the  boiler  and  its  equipment,  asi 
record  such  facts  in  relation  thereto  as  bear  upon  the  objects  In  view. 

If  the  object  of  the  trial  is  to  ascertain  the  maximum  economy  or  eaps> 
city  of  the  boiler  as  a  steam  generator,  the  boiler  and  all  its  appurtenanea 
should  be  put  in  first-class  condition.  Clean  the  heating  surface  inside  and 
outside,  remove  clinkers  from  grates  and  from  sides  of  the  fnmaee.  Be- 
move  ail  dust,  soot,  and  ashes  from  the  chambers,  smoke  oonneetians,  ani 
flues.  Close  air  leaks  in  the  masonry  and  poorly-fitted  cleaning-doors.  See 
that  the  damper  will  open  wide  and  close  tight.  Test  for  air  leaks  by  flrisf 
a  few  shovels  of  smoky  fuel  and  immediately  closing  the  damper,  obsei  " ' 
the  escape  of  smoke  tnrough  the  crevices,  or  by  passing  the  flame  of  a 
die  over  cracks  in  the  brickwork. 

IV.  Determine  the  chofocter  of  the  eoal  to  be  used.   For  tests  of  the 
olency  or  capacity  of  the  boiler  for  comparison  with  other  boilers  the  eosl 
should,  if  possible,  be  of  some  kind  which  is  commercially  regarded  as 


dard.  For  N  ew  England  and  that  portion  of  the  country  east  of  the  Ane^iesy 
Mountains,  good  anthracite  egg  coal,  containing  not  over  10  per  cent  <nask. 
and  semi-bituminous  Clearfleld  (Pa.),  Cumberland  (Md.),  and  Pocahontai 
(Va.)  coals  are  thus  regarded,  west  of  the  Allegheny  Mountains,  Poca> 
hontas  (Va.),  and  New  iuver  (W.  Ya.)  semi-bituminous,  and  TontdiioghflsiT 
or  PlttsDore  bituminous  coals  are  recognized  as  standards.*  Aere  Is  ao 
special  grade  of  coal  mined  in  the  Western  States  which  is  widely  reeoih 
mzed  as  of  superior  quality  or  considered  as  a  standard  eoal  for  boiler  tesi^ 
ing.    Big  Muddy  Lump,  an  Illinois  coal  mined  in  Jackson  Coonty,  m.,  is 


*  These  coals  are  selected  because  they  are  about  the  only  coats  wkiek 
tain  the  essentials  of  excellence  qf  gtuuity,  cidaptaHHty  to  vaHouit  kinS*  fff 
fanMces,  grates,  boilers,  and  methods  qr  Jlring,  and  wide  distrtbmHem  amd 
general  euxessibility  in  the  markets. 
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snggMted  as  being  of  snflleittBtly  high  grade  to  answer  the  requirements  in 
districto  where  it  ib  more  couyeniently  obtainable  than  the  other  coals  men- 
tioned above. 

For  teats  made  to  determine  the  jperformance  of  a  boiler  with  a  particular 
kind  of  coal,  sttoh  as  may  be  specified  in  a  contract  for  the  sale  of  a  boiler, 
the  coal  used  should  not  be  hieher  in  ash  and  in  moisture  than  that  speoi- 
fled,  since  increase  in  ash  and  moisture  above  a  stated  amount  is  apt  to 
cause  a  falling  olf  of  both  capacity  and  economy  in  greater  proportion  than 
the  proportion  of  such  increase. 

V.  MitabUah  the  corrtetness  of  all  apparaiua  used  in  the  test  for  weighing 
and  measuring.    These  are : 

1.  Scales  for  weighing  coal,  ashes,  and  water. 

2.  Tanks,  or  water  meters  for  measuring  water.  Water  meters,  as  a  rnle, 
should  only  be  used  as  a  check  on  other  measurements.  For  accurate  work, 
the  water  should  be  weighed  or  measured  in  a  tank. 

3.  Thermometers  and  pyrometers  for  taking  temperatures  of  air,  steami 
feed-water,  waste  gases,  etc. 

4.  Pressure  ffauges.  draft  flanges,  etc. 

The  kind  and  location  of  the  various  pieces  of  testing  apparatus  must  be 
left  to  the  Judgment  of  the  person  conducting  the  test;  always  keeping  in 
mind  the  main  object^  i.e.,  to  obtain  authentic  data. 

VI.  See  that  the  botler  is  thoroughly  heated  before  the  trial  to  its  usual 
working  temperature.  If  the  boiler  in  new  and  uf  a  form  provided  with  a 
brick  setting,  it  should  be  in  regular  use  at  least  a  week  oefore  the  trial, 
so  as  to  dry  and  heat  the  walls,  if  it  has  been  laid  off  and  become  cold,  it 
should  be  worked  before  the  trial  until  the  walls  are  well  heated. 

VII.  The  boiler  and  connections  should  be  proved  to  be  free  from  leaks 
before  beginning  a  test,  and  all  water  connections.including  blow  and  extra 
feed  pipes,  should  be  disconnected,  stopped  witn  blank  flanges,  or  bled 
through  special  openings  beyond  tne  valves,  except  the  particular  pipe 
through  wnlch  water  is  to  be  fed  to  the  boiler  during  the  trial.  During  the 
test  the  blow-off  and  feed-pipes  should  remain  exposed. 

If  an  injector  is  used,  it  should  receive  steam  directly  through  a  felted 
pipe  from  the  boiler  being  tested.* 

If  the  water  is  metered  after  it  passes  the  Injector,  its  temperature  should 
be  taken  At  the  point  at  which  it  enters  the  boiler.  If  the  quantity  is  deter- 
mined before  it  goes  to  the  injector,  the  temperature  should  be  determined 
on  the  suction  side  of  the  injector,  and  If  no  change  of  temperature  occurs 
other  than  that  due  to  the  injector,  the  temperature  thus  determined  is 
properly  that  of  the  feed-water.  When  the  temperature  changes  between 
the  injector  and  the  boiler,  as  by  the  use  of  a  heater  or  by  radiation,  the 
tempemture  at  which  the  water  enters  and  leaves  the  injector  and  that  at 
which  it  enters  the  boiler  should  all  be  taken.  The  final  temperature  cor- 
rected for  the  heat  received  from  the  Injector  will  be  the  true  feed-water 
temperature.  Thus  if  the  injector  receives  water  at  50°  and  delivers  it  at 
120°  into  a  heater  which  raises  it  to  210°,  the  corrected  temperature  is  210  ^ 
(120  — 50)  =140°. 

See  that  the  steam  main  is  so  arranged  that  water  of  condensation  can- 
not run  back  into  the  boiler. 

VIII.  Starting  and  Stopping  a  Test,  —  A  test  should  last  at  least  ten  hours 
of  continuous  running,  but,  if  the  rate  of  combustion  exceeds  26  pounds  of 
coal  per  square  foot  of  grate  per  hour  it  may  be  stopped  when  a  total  of  250 
pounds  of  coal  has  been  burned  per  square  root  of  grate  surface.  A  longer 
test  may  be  made  when  it  is  desired  to  ascertain  the  effect  of  widely  vary- 
ing conditions,  or  theperformance  of  a  boiler  under  the  working  conditionB 
ofa  prolonged  run.  The  conditions  of  the  boiler  and  furnace  in  all  respects 
should  be,  as  nearly  sta  possible,  the  same  at  the  end  as  at  the  beginning  of 
the  test.    The  steam  pressure  should  be  the  same;  the  water  level  the 

•  In  feeding  a  boiler  undergoing  test  with  an  ir^ector  taking  steam  from 
another  boiler^  or  the  main  steam  pipe  from  several  boilers^  the  evaporati99 
results  may  be  modified  by  a  difference  in  the  quality  qf  the  steam  from  sueh 
source  compared  u^th  that  supplied  by  the  boiler  being  tested,  ana  in  some 


asses  the  connection  to  the  injector  may  act  as  a  drip  for  the  main  steam  pipe. 
If  %t  is  known  that  the  steam  from  the  main  pipe  is  of  the  same  quality 

pimished^    '^    '^  "  *        -    .  .       - 

mainptpe. 


If  tt  is  known  that  the  steam  from  the  main  pipe  is  of  the  same  quality  as  that 
famished  by  the  boiler  undergoing  the  test^  the  steam  may  be  taken  from  sueh 
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■ame ;  the  fire  upon  the  grates  should  be  the  same  in  quantity  and 
tioD  ;  and  the  walls,  flues,  etc.,  should  be  of  the  same  temperatnreu 
tnethodB  of  obtaining  the  desired  equality  of  conditions  of  tne  lire  mas  to 
used,  viz. :  those  which  were  called  in  the  Code  of  1885  **  the  ataadaid 
method  "  and  **  the  alternate  method,"  the  latter  being  employed  wlwcc  ft 
is  inconvenient  to  make  use  of  the  standard  method. 

IX.  Standard  Method.-- ^teaan  being  raised  to  the  working  immimij. 
remove  rapidly  all  the  fire  from  the  grate,  dose  the  damper,  clean  tbe  sib- 
pit,  and  as  quickly  as  possible  start  a  new  fire  with  weighed  wood  and  eoA 
noting  the  time  and  the  water  level  while  the  water  is  m  a  qnieacent  itsft, 
just  before  lighting  the  lire. 

At  the  end  of  the  test  remove  the  whole  fire,  which  has  been  bnmed  lev, 
clean  the  grates  and  ash-pit,  and  note  the  water  level  when  the  water  ii  k 
a  quiescent  state,  and  record  the  time  of  hauling  the  fire.  The  iratcr  Itvii 
sbuuldbeas  nearly  as  possible  tbe  same  as  ai  the  beginning  <^  tbetol 
If  it  is  not  the  same,  a  correction  should  be  made  by  oompvtanon,  and  sat 
by  ov)erating  the  pump  after  the  test  is  completed. 

Z.  ifllsmatoimJkfNi.— TheboUer  being  tbocoojilily  heiMI  bva 
aaiyrnn,  the  fires  are  to  be  burned  low  and  well  cleanML   Koto  tlie 
Of  ooal  left  on  the  grate  as  nearly  as  it  can  be  estimated ;  noCe  the 
of  steam  and  the  water  leveL  and  note  this  time  as  the  time  of  atactiiigiki 
task    Fresh  ooal  which  has  been  weighed  should  now  be  fired.    T^  m^ 

gts  should  be  thoroughly  cleaned  at  onoe  after  starting.  Before  tlie  end  d 
e  test  the  fires  should  be  burned  low.  Just  as  before  the  start,  and  ttt 
fires  oleaned  In  such  a  manner  as  to  leave  the  bed  of  ooal  of^the  ssne 
depth,  and  in  the  same  eondition,  on  the  grates,  as  at  the  start.  Ite 
water  level  and  steam  pressures  should  previously  be  brought  sw  nearly  a 
possible  to  the  same  point  as  at  the  startt  and  the  time  of  ending  of  the  ton 
should  be  noted  Just  oefore  fresh  coal  is  fired.  If  the  water  level  Is  not  tfa 
same  as  at  the  start,  a  correction  should  be  made  by  eompatatloo,  and  boc 
by  operating  the  pump  after  the  test  is  completed. 

XL  Uniformity  of  OonditUmt.  —  In  all  trials  made  to  ascertain  «»^*fi«— 
economy  or  capacity,  the  conditions  should  be  maintained  nnlfonnly  eos^ 
stant.  Arrangements  should  be  made  to  dispose  of  the  steam  so  that  tte 
rate  of  evaporation  may  be  kept  the  same  from  beginning  to  end.  Hia 
may  be  accomplished  in  a  single  boiler  bv  carrying  the  steam  throwdb  t 
waste  steam  pipe,  the  discharge  from  which  can  be  regulated  as  desra. 
In  a  battery  of  ooilers.  In  which  only  one  is  tested,  the  draft  ean  be  rsgs- 
lated  on  the  remaining  boilers,  leaving  the  test  boiler  to  work  nnder  a  cob- 
stant  rate  of  production. 

Uniformity  of  conditions  should  prevail  as  to  the  pressors  of  steam,  Iks 
height  of  water,  the  rate  of  evaporation,  the  thickness  of  fire,  the  ttmsscf 
firing  and  quantity  of  coal  fired  at  one  time,  and  as  to  the  Inteirals  betwees 
the  nmes  of  cleaning  the  fires. 

XIL  Kerning  the  Rteordt,  —  Take  note  of  every  event  comieoted  with  Oe 

{irogress  of  the  trial,  however  unimportant  It  may  appear,    fieoocd  tte 
ime  of  every  ocourreuoe  and  the  time  of  taking  every  weight  mod  emq 
observation. 

The  ooal  should  be  weighed  and  delivered  to  the  fireman  in  eqnal  prooo^ 
tlons.  each  suiflcient  for  not  more  than  one  hour's  run,  and  a  freshportiflB 
should  not  be  delivered  until  the  previous  one  has  all  been  fired.  Tne  tlas 
tequired  to  consume  each  portion  should  be  noted,  the  time  being  reoordsA 
at  the  instant  of  firing  the  last  of  each  portion.  It  is  desirable  that  at  the 
same  time  the  amount  of  water  fed  into  the  boiler  should  be  aceoratelj 
noted  and  recorded.  Including  the  height  of  the  water  in  the  boiler,  and  the 
average  pressure  of  steam  and  temperature  of  feed  during  the  tme.  By 
thus  recording  the  amount  of  water  evaporated  by  successive  portloiis  ol 
coal,  the  test  may  be  divided  into  several  periods  if  desired,  ana  the  degrts 
of  uniformity  of  combustion,  evaporation,  and  economy  analysed  for  cask 
period.  In  addition  to  these  records  of  the  coal  and  the  feed-water,  hsU 
hourly  observations  should  be  made  of  the  temperature  of  the  feed-wataTt 
of  the  flue  gases,  of  the  external  air  in  the  boiler-room,  of  the  tempwatsrs 
of  the  furnace  when  a  furnace  pyrometer  is  used,  also  of  the  prassnrs  of 
steam,  and  of  the  readings  of  the  instruments  for  determining  the  moistuw 
lu  the  steam.  A  log  should  be  kept  on  properly  prepared  blanks  eontatniag 
columns  for  record  of  the  varioug  observations. 
When  the  ** standard  method"  of  starting  and  stopping  the  test  Is  Med, 
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the  hourly  rate  of  oombiution  and  of  evaporation  and  the  horve-power  may 
be  curoputed  from  the  recorda  taken  during  the  time  when  the  fires  are  in 
active  condition.  This  time  is  somewhat  less  than  the  actual  time  which 
elapses  between  the  beginning  and  end  of  the  run.  This  method  of 
computation  is  necessary,  owing  to  the  loss  of  time  due  to  kindling  the  fire 
at  the  besinning  and  burning  it  out  at  the  end. 

XIII.  QucUitv  qf  Steam.  —The  percentage  of  moisture  in  the  steam  should 
be  determined  by  the  use  of  either  a  throttling  or  a  separating  steam  calor- 
imeter. The  sampling  nozzle  should  be  placed  in  the  vertical  steam  pipe 
rising  from  the  boiler.  It  should  be  made  of  |-ineh  pipe,  and  should  extend 
across  the  diameter  of  the  steam  pipe  to  wlthm  half  an  Inch  of  the  opposite 
Bide,  being  closed  at  the  end  and  p^forated  with  not  less  than  twenty  {-inch 
holes  equally  distributed  along  and  around  its  cylindrical  surface,  but  none 
of  these  holes  should  be  nearer  than  ^  inch  to  the  Inner  side  of  the  steam 
pipe.  The  calorimeter  and  the  pipe  leading  to  it  should  be  well  covered 
with  felting.  Whenever  the  indications  o?  the  throttling  or  separating 
calorimeter  show  that  the  percentage  of  moisture  is  irregular,  or  occasion- 
ally in  excess  of  three  per  cent,  the  results  should  be  checked  by  a  steam 
separator  placed  in  the  steam  pipe  as  close  to  Uie  boiler  as  convenient,  with 
a  calorimeter  In  the  steam  pipe  Just  beyond  the  outlet  from  the  separator. 
The  drip  from  the  Separator  should  be  caught  and  weighed,  and  the  per- 
centage of  moisture  computed  therefrom  added  to  that  shown  by  the 
caloruneter. 

Saperheatlnff  should  be  determined  by  means  of  a  thermometer  placed  in 
A  mercury  well  inserted  in  the  steam  pipe.  The  degree  of  superheating 
should  be  taken  as  the  difference  between  the  reading  of  the  thermometer 
for  superheated  steam  and  the  readings  of  the  same  thermometer  for  satu- 
rated steam  at  the  same  pressure  as  determined  by  a  special  experiment, 
and  not  by  reference  to  steam  tables. 

Xiy.  Sampling  the  Coal  and  Determining  its  Moiiture.—AB  each  barrow 
load  or  fresh  portion  of  coal  is  taken  from  the  coal  pile,  a  representative 
shovelful  is  selected  from  it  and  placed  In  a  barrel  or  box  in  a  cool  place 
and  kept  until  the  end  of  the  trial.  The  samples  are  then  mixed  and 
broken  into  pieces  not  exceeding  one  inch  In  diameter,  and  reduced  by  the 
process  of  repeated  quartering  and  crushing  until  a  mial  sample  weighing 
abont  five  pounds  is  obtained,  and  the  size  of  tbe  larger  pieces  Is  such  that 
they  will  pass  through  a  sieve  with  ^inch  meshes.  From  this  sample  two 
one-quart,  air-tight  glass  preserving  jars,  or  other  air-tight  vessels  which 
will  prevent  the  escape  oi  moisture  from  the  sample,  are  to  be  promptly 
filled,  and  these  samples  are  to  be  k^t  for  subsequent  determinations  of 
moisture  and  of  heating  value,  and  for  chemical  analvses.  During  the 
process  of  quartering,  when  tne  sample  has  been  reduced  to  about  100 
pounds,  a  quarter  to  a  half  of  it  may  be  taken  for  an  approximate  determi- 
nation of  moisture.  This  may  be  made  by  placing  It  in  a  shallow  iron  pan,  not 
over  three  Inohes  deep,  carefully  weighing  it,  and  setting  the  pan  in  the 
hottest  place  that  can  be  found  on  the  brickwork  of  the  boiler  setting  or 
flues,  keeping  it  there  for  at  least  twelve  hours,  and  then  weighing  it. 
The  determination  of  moisture  thus  made  is  believed  to  be  approximately 
acourate  for  anthracite  and  semi-bituminous  coals,  and  also  for  Pittsburs 
or  Toughiogheny  coal ;  but  it  cannot  be  relied  upon  for  coals  mined  west  of 
Pittsburg,  or  for  other  coals  containing  inherent  moisture.  For  these  latter 
coals  it  is  Important  that  a  more  accurate  method  be  adopted.  The  method 
recommended  bv  the  Committee  for  all  accurate  tests,  whatever  the  char^ 
acter  of  the  coal,  is  described  as  follows : 

Take  one  of  the  samples  contained  in  the  glass  jars,  and  subject  it  to  a 
thorough  air-drying  in  a  warm  room,  weighing  it  bcaore  and  after,  thereby 
determming  the  quantity  of  surface  moisture  it  contains.  Then  crush  the 
whole  of  It  by  running  it  through  an  ordinary  coffee  mill,  adjusted  so  as  to 
produce  somewhat  coarse  grains  (less  than  ^inch),  thoroughly  mix  the 
crushed  sample,  select  from  it  a  portion  of  from  10  to  50  grams,  weigh  it  In 
a  balance  whloh  will  easily  show  a  variation  as  small  as  1  part  in  1,000,  and 
dry  it  In  an  air  or  sand  bath  at  a  temperature  between  2«)  and  280  degrees 
Ftihr.  for  one  hour.  Weigh  it  and  record  the  loss,  then  heat  and  weigh  it 
again  repeatedly,  at  intervals  of  an  hour  or  less,  until  the  minimum  weight 
has  been  reached  and  the  weight  begins  to  increase  by  oxidation  of  a  por- 
tion of  the  coal.  The  difference  between  the  original  and  the  minimum 
weight  is  taken  as  the  moisture  in  the  air-dried  coiQ.    This  moisture  shoukL 
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preferably  be  made  on  duplicate  samples,  and  the  results  should 
within  0.3  to  0.4  of  one  per  cent,  the  mean  of  the  two  determinations  beiaf 
taken  as  the  correct  result.  Tue  sum  of  the  percentjwe  of  moisture  Xim 
found  and  the  percentage  of  surface  moisture  previously  determined  is  ths 
total  moisture. 

Xy.  Treatment  qf  Ashea  and  H^/iue, —The  ashes  and  refuse  are  to  be 
weighed  in  a  dry  state.  For  elaborate  trials  a  sample  of  the  same  sbouU 
be  procured  and  analyzed. 

XVI.  Calorific  Teita  and  AntUyHi  of  Cba/.— The  qnaUty  of  tbe  fvi 
should  be  determined  either  by  heat  test  or  by  analysis,  or  by  both. 

The  rational  method  of  determining  the  total  heat  of  oombuaticw  is  to 
bum  the  sample  of  coal  In  an  atmosphere  of  oxygen  gas,  the  coal  to  te 
sampled  as  directed  in  Article  XIV.  of  this  code. 

The  chemical  analysis  of  the  coal  should  be  made  only  by  an  enert 
chemist.  The  total  neat  of  combustion  computed  from  the  results  <»  the 
ultimate  analysis  may  be  obtained  by  the  use  of  Dulong's  formula  (witk 
constants    modified   by   recent    determinations),  viz. :   U,600  C  -f-  eSjOQO 

(^—§)   +  4>000  S,  in  which  C,  H^  O,  and  .S  refer  to  the  proportions  of 

carbon,  hydrogen,  oxygen,  and  sulphur  req>ectiyely,  as  determined  by  thi 
ultimate  analysis.* 

It  is  recommended  that  the  analysis  and  the  heat  test  be  each  made  br 
two  independent  laboratories,  and  the  mean  of  the  two  resulta,  if  there » 
any  difference,  be  adopted  as  the  correct  flsures. 

It  is  desirable  that  a  proximate  analysis  should  also  be  made  to  determiBt 
the  relative  proportions  of  volatile  matter  and  fixed  carbon  in  the  ooaL 

XVil.  AnalyHi  of  Flue  Oases. -^The  analysis  of  the  fluegaaea  is  an  espe- 
cially valuable  method  of  determining  the  relative  value  ofdifferent  mcih- 
ods  of  firing,  or  of  different  kinds  of  furnaces.  In  making  these  analysei, 
great  care  should  be  taken  to  procure  average  samples  —  since  the  eoaino> 
sition  is  apt  to  vary  at  different  points  of  the  flue.  The  composition  is  abo 
apt  to  vary  from  minute  to  minute,  and  for  this  reason  the  drawingp  of  gai 
should  last  a  considerable  period  of  time.  Where  complete  detemiinatioM 
are  desired,  the  analyses  should  be  Intrusted  to  an  e3q>ert  chemist.  For 
approximate  determinations  the  Orsat  or  the  Hempel  apparatus  may  be 
used  by  the  engineer. 

XVIII.  StnoBe  Observations.  —  It  is  desirable  to  have  a  uniform  system  of 
determining  and  recording  the  quantity  of  smoke  produced  where  hituni- 
nous  coal  is  used.  The  system  commonly  employedi^is  to  express  the  degres 
of  smokiness  by  means  of  percentages  dependent  upon  the  Judgment  of  tks 
observer.  The  Committee  does  not  plaoe  much  value  upon  a  pereentags 
method,  because  it  depends  so  largely  upon  the  personal  element,  but  n 
this  method  is  used,  it  is  desirable  that,  so  far  as  possible,  a  definition  be 
given  in  explicit  terms  as  to  the  basis  and  method  employed  in  anlTing  at 
tne  percentage. 

XLX.  Afiscelkmeous.—ln  tests  for  purposes  of  scientific  research.  Is 
which  the  determination  of  all  the  vanabtes  entering  into  the  test  is  de- 
sired, certain  observations  should  be  made  which  are  in  general  unneeos- 
sary  for  ordinary  tests.  These  are  the  measurement  of  the  air  Biq;>ply,  the 
determination  of  its  contained  moisture,  the  determination  of  the  amouat 
of  heat  lost  by  radiation,  of  the  amount  of  infiltration  of  air  through  the 
settinff,  and  (by  condensMion  of  all  the  steam  made  by  the  boiler)  of  th« 
total  heat  imparted  to  the  water. 

As  these  determinations  are  not  likely  to  be  undertaken  except  by  es^i- 
neers  of  high  scientific  attainments,  it  is  not  deemed  advisable  to  give 
directions  for  making  them. 

XX.  Calculations  qf  Efficiency.— Two  methods  of  defining  and  ealcvltt- 
ing  the  efficiency  of  a  boQer  are  recommended.    They  are : 

.    ^jM»  ,  «  .^    «.  i«         Heat  absorbed  per  lb.  combustible 

1.  Efficiency  of  the  DoUer = geatlng  T.lae  of  1  lb.  eombartlM.- 

«   ^^  .  M^^   ^  .,         J       A       Heat  absorbed  vn  lb.  eoal 

2.  Efficiency  of  the  boiler  and  grate  =  Heating  value  of  1  tb.  cori' 

•  Favre  and  Silberman  give  24,544  B.  T.  U.  per  pound  carbon :  Bertkeist 
74,64 7  B.  T.  U.  Favre  and  Silberman  give  62,032  B.  T.  U.  perpomnd  Afdre- 
gen;  Thomson  61,816  B.T.U. 
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The  flrat  of  these  U  lometimes  called  the  efficiency  based  on  combustible, 
and  the  second  the  efficiency  based  on  coal.  The  first  ie  recommended  as  a 
standard  of  comparison  for  all  tests,  and  this  is  the  one  which  is  understood 
to  be  referred  to  when  the  word  "  efficiency  *'  alone  is  used  without  qualill- 
cation.  The  second,  however,  should  be  included  in  a  report  of  a  test, 
ioffether  with  the  first,  whenever  the  object  of  the  test  is  to  determine  the 
emoienoy  of  the  boiler  and  furnace  together  with  the  grate  (or  mechanical 
■toker),  or  to  compare  different  furnaces,  grates,  fuels,  or  meUiods  of  firing. 

The  heat  absoroed  per  pound  of  combustible  (or  per  pound  coal)  is  to  be 
calculated  by  multiplying  the  equivalent  evaporation  from  and  at  212° 
per  pound  combustible  (or  coal)  by  965.7.    (Appendix  XXI.) 

XXI.  The  Heat  BcUance.— An  approximate  **  heat  balance,"  or  statement 
of  the  distribution  of  the  heating  value  of  the  eoal  among  the  sereral  items 
of  beat  utilized  and  heat  lost,  may  be  included  in  the  report  of  a  test  when 
suialyses  of  the  fuel  and  of  the  chimney  gases  have  been  made.  It  should 
1m  reported  in  the  following  form : 

Meat  Balance^  or  DUtrilmtion  of  the  HeaHng  ValvM  of  the  Omlmetible, 
Total  Heat  Value  of  1  lb.  of  Ck>mbu8tlble B.  T.  U. 


^■. 


Heat  absorbed  by  the  boiler  =  eraporation  from  and  at 

212P  per  pound  of  combustible  x  965.7. 
Loss  due  to  moisture  ii.  coal  =  per  cent  of  moisture  re- 
ferred to  combustible  -r  100  x  [(212  —  f)  -f  966  +  0.48 
T—  212)]  (t  =  temperature  of  air  in  the  boiler-room, 
r=  that  oi  the  flue  gases). 
8.    Loss  due  to  moisture  formed  by  the  burning  of  hydro- 
gen =  per  cent  of  hydrogen  to  combustible  -7- 100  X  9 
X  [(212  —  0  +  966  4-  0.48  (3r  —  212)]. 
4.*  Loss  due  to  heat  carried  away  in  the  dry  chimney  gases 
=  weight  of  gas  per  pound  of  combustible  x  0.24  x 

CO 
5.t  Loss  due  to  incomplete  combustion  of  carbon=  r^ni^Q 

j^  per  cent  Cin  combustible     ^  _^ 
i  JQQ  X  lO.lBO. 

8.  Loss  due  to  uficonsumed  hydrogen  and  hydrocarbons,  to 
heatinff  the  moisture  in  the  air,  to  radiation,  and  un- 
accounled  for.  ^Some  of  these  losses  may  be  sepa- 
rately itemized  if  data  are  obtained  from  which  they 
may  be  calculated.) 

Totals 


Per 
Cent. 


100.00 


•  7%«  weight  of  geu  per  pound  of  earbon  hwnMd  may  be  calculated  f)rom 
the  goM  analyaie  aefollowe: 

Dry  gat  per  pound  carbon  = 3  (CO  ^-  CO)       —         wh%ch  CO^t 

COt  O,  and  Nare  the  percentagee  by  volume  qf  the  several  gases.  As  the 
sampltna  and  analyses  of  the  gases  %n  t/ie  present  state  of  the  art  are  liable 
to  consiaerable  errors,  the  result  of  this  calculation  is  usually  only  an  approx- 
imate one.  The  heat  balance  itsHf  is  also  only  approximate  for  this  reason^ 
cu  well  as  for  the  fact  that  it  is  not  possible  to  determine  accwraUly  the  per- 
eentage  qfunbumed  hydrogen  or  hydrocarbons  in  the  flue  gases. 

The  weight  of  dry  aaa  per  pound  qf  combustible  is  found  by  multiplyina 
the  dry  gas  per  pound  of  carbon  by  the  percentage  of  carbon  in  the  combustir 
Me,  and  dividing  by  100. 

t  COt  ^"^  CO  are  respectively  the  percentage  by  volume  qf  carbonic  aeid 
amd  carbonic  oxide  in  the  flue  gases.  The  quantity  10^50  =  No.  heat  units 
generated  by  burning  to  carbon%c  aeid  one  pound  of  carbon  contained  in  oa/t' 
oanic- oxide. 
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XXII.  BqKTt  qf  the  Trial,— -The  data  and  rwnltf  ihonld  be  reported  fa 
tlie  manner  given  in  either  cne  of  the  two  following  tablet,  omitu^UBB 
where  the  tests  have  not  been  made  as  elaborately  as  proTlded  for  ia  Mck 
tables.  Additional  lines  may  be  added  for  data  relating  to  the  spedk 
object  of  the  test.  The  extra  lines  should  be  classified  under  the  headfaip 
provided  in  the  tables,  and  numbered,  as  per  preceding  line,  with  sub  ki- 
ters,  a,  6,  etc.  The  Short  Form  of  Report,  Table  No.  8,  Is  reoonrnMndal 
for  commercial  tests  and  as  a  convenient  form  of  abridging  theloogcrfona 
for  publication  when  saving  of  space  is  desirable. 

Table  Ko.  1. 

Daia  and  Betulis  qf  Evaporative  Tegt. 

Arranged  in  accordance  with  the  complete  form  advised  by  the  B«l« 
Test  Committee  of  the  American  Society  of  Mechanical  Engineers. 

Madebv of    . boiler  at ib 

determine 

Principal  conditions|goveming  the  trial 


Kind  of  fuel  .  .  . 
Kind  of  furnace  .  . 
State  of  the  weather 

1.  Date  of  trial 

2.  Duration  of  trial 


Dimeneions  and  Proportions, 
(A  complete  description  of  the  boiler  should  be  given  on  an  annexed  shttt) 

5.  Grate  surface   .    .    .  width  .    .    .  length  .    .    .  area    .    .  aq.  ft. 
4.  Water-heating  surface ** 

6.  Superheating  surface ■* 

6.  Ratio  of  water-heating  surface  to  grate  suriEaoe 

7.  Ratio  of  minimum  draft  area  to  grate  surface 

Average  Freenuree. 

8.  Steam  pressure  bv  gauge lbs. 

9.  Force  of  draft  between  damper  and  boiler ine.  ai  wat« 

10.  Force  of  draft  in  furnace **  " 

11.  Force  of  draft  or  blast  in  ash-pit *•  ^ 

Average  Tetnperatures. 

12.  Of  external  air deg. 

13.  Offlreroom ** 

14.  Of  steam «• 

16.  Of  feed-water  entering  heater •    .  ** 

16.  Of  feed-water  entering  economizer  ..........  ** 

17.  Of  feed-water  entering  boiler " 

18.  Of  escaping  gases  from  boiler ** 

19.  Of  escaping  gases  from  economizer     . ** 

Fuel. 

20.  Size  and  condition •    • 

21.  Weight  of  wood  used  in  lighting  fire Ibe. 

22.  Weight  of  coal  as  fired  • ** 

« Including  equivalen*  qf  wood  need  in  lighHng  tk€  Jkne.  nd  imelmdimg  fm^ 
burnt  coal  wUhdravmJhimAirnaee  at timetqfeUamimgamd^  Om 

pound  of  wood  i$  taken  to  oe  equal  to  0.4  pound  qfooal^  or,  in  case  greater 
accuracy  is  deeired.  ae  having  a  heat  value  ^uivaUni  to  tkie  ove^toratiom  ef 
6 pountfs  qfwaUrfrom  and  cU  212^perpouma(6  X  966.7  s:  5,7M  B,T,Uj» 
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28.  Percentage  of  moistare  in  ooal  * percent. 

24.  Total  weight  of  dry  coal  oouBumed llw. 

26.  Total  Mh  and  refuse .  lbs. 

26.  Total  combustible  consomed 

27.  Percentage  of  asb  and  refuse  in  dry  coal per  cent 

Proximate  AnalyHs  of  Coal, 

Of  Coal.  Of  Combustible. 

28.  Fixed  carbon per  cent.         per  cent. 

29.  Volatile  matter "  •* 

30.  Moisture "  

31.  Ash "  


100  per  cent      100  per  cent. 

32.  Sulphur,  separately  determined '*  " 

Vltimate  Analysis  of  Dry  Coal. 

33.  Carbon (O percent. 

34.  Hydrogen  (A) " 

85.  Oxygen  (O) •' 

36.  Nitrogen  (X) »» 

37.  Sulphur  (A) •' 


100  per  cent. 
38.  Moisture  in  sample  of  coal  as  reeeired ** 

Analysis  of  Ash  and  Rtfuss. . 

38.  Carbon percent 

40.  Earthy  matter » 

Fuel  per  Hour. 

41.  Dry  coal  consumed  per  hour      . lbs. 

42.  Combustible  consumed  per  hour •< 

43.  Dry  coal  per  square  foot  of  grate  surface  per  hour     ...  " 

44.  Combustible  per  square  foot  of  water-heating  surface  per 

hour «« 

Calorific  Value  qf  Fuel. 

46.  Calorific  value  by  oxygen  calorimeter,  per  lb.  of  dry  coal   .  B.  T.  U. 

46.  Calorific  value  by  oxygen  calorimeter,  per  lb.  of  combustible  " 

47.  Calorific  value  by  analysis,  per  lb.  of  dry  coalt *• 

48.  Calorific  value  by  analysis,  per  lb.  of  combustible  ....  " 

Quality  qf  Steam, 

40.  Percentage  of  moisture  in  steam per  cent. 

60.  Number  of  degrees  of  superheating deg. 

61.  Quality  of  steam  (dry  steam  =  unity) 

Water. 

62.  Total  weight  of  water  fed  to  boiler  t lbs. 

63.  ;^uivalent  water  fed  to  boiler  from  and  at  212^^      .... 
54.  water  actually  evaporated,  corrected  for  quality  of  steam 

66.   Factor  of  evaporations .•    • 

56.  Equivalent  water  evaporated  into  dry  steam  from  and  at 
2139.    (Item  64  X  Item  66) 

•  This  is  the  total  moisture  in  the  coal  as  found  by  drying  it  artificially. 
t  See  formula  for  calorific  value  under  Article  XVI.  of  Code. 
X  Onrrectedfor  inequality  of  water  level  and  qf  steam  pressure  at  begin 
ging  and  end' of  test. 

%  Factor  of  evaporation  =  wTg-s  in  which  IT  and  h  are  respectively  the 

total  heat  in  steam  of  the  average  observed  pressure,  and  in  water  of  the  aver- 
age  observed  temperature  qf  the  feed. 
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Water  per  Hour 

67.  Water  evaporated  per  hoar,  corrected  for  quality  of  iteam  llw. 

68.  Eqaivalent  evaporation  per  hour  from  and  at  212''  ....  ** 

69.  Equivalent  evaporation  per  hour  from  and  at  212°  per 

square  foot  of  water-heating  surface ** 

Bdr»e-Power. 

00.   Horse-power  developed.    (94  iiM*  of  water  evaporated  per 
hoar  into  dry  steam  from  and  at  212°  equals  one  horse- 

Sower)* H^. 

lers'  rated  horse-power ** 

62.  Percentage  of  builders'  rated  horse-power  developed .    .    .     per  cent. 

Economic  BetulU, 

63.  Water  apparently  evaporated  per  lb.  of  coal  under  actual 

conditions.    (Item  63 -^  Item  22) Ite. 

64.  Equivalent  evaporation   from  and  at  212°  per  lb.  of  coal 

(including  moisture).    (Item  66  -~  Item  SB) *>■ 

66.  Equivalent  evaporation    from  and  at  212^'  per  lb.  of  dry 

coal.    (Item  66  -r  Item  24) «• 

66.  Equivalent  evaporation  from  and  at  212*^  per  lb.  of  combus- 

tible.   (Item  56 -r  Item  26) •« 

(If  the  equivalent  evaporation,  Items  64,  66,  and  66,  la 
not  corrected  for  the  quality  of  steam,  the  fact  should 
be  stated.) 

B^fflciency, 

67.  Efficiencv  of  the  boiler  ;  heat  absorbed  by  the  boiler  per 

lb.  of  combustible  divided  by  the  heat  value  of  one  lb. 

of  combustible  t pv  oenk. 

68.  EfBdency  of  boiler,  including  the  grate ;  heat  absorbed  by 

the  boiler,  per  lb.  of  dry  coal  fired,  divided  by  tiie  heat 
value  of  one  lb.  of  dry  coal  t 

Cost  qf  EvaporcttUm. 

6B.  Cost  of  coal  per  ton  of  2,240  lbs.  delivered  in  boiler  room    .       $ 

70.  Ckwtof  fuel  for  evaporating  1,000  lbs.  of  water  under  ob- 

served conditions    $ 

71.  Cost  of  fuel  used  for  evaporating  1,000  lbs.  of  water  from 

andat217> $ 

Smoke  ObsenxUiont, 


72.  Percentage  of  smoke  as  observed 

73.  Weight  ox  soot  per  hour  obtain^  from  smoke  meter  .    .    . 

74.  Volume  of  soot  obtained  from  smoke  meter  per  hour     .    . 

Data  and  Eesults  of  Evaporative  Teat. 

Arranged  In  accordance  with  the  Short  Form  advised  bv  the  Boiler  Test 
Ck}mmittee  of  the  American  Society  of  Mechanical  Engineers. 

Madebv on boiler,  at to 

determme 

•  Held  to  be  the  equivalent  of  30  lbs.  of  toater  per  hour  evaporated  from 
100^  Fahr.  into  dry  steam  at  7b  lbs,  gauge  pretewre, 

t  In  all  eases  where  the  toord  "  combusHble  "  is  used,  it  means  theeoal  with- 
out moisture  and  ash,  but  including  all  other  conttituenta.  It  is  tkemxmeas 
what  is  called  in  Europe  "  i*oal  dry  and  free  from  ash." 

X  The  heat  value  of  the  coal  is  to  be  determined  either  by  an  oxygen  ealorim' 
etrr  or  by  calculation  from  ultimate  anaiysis.  When  both  methods  are 
used  the  mean  va/tie  is  to  be  taken. 
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Grate  lurf aoe tq.  ft. 

Water-heating  Burfaoe ** 

Snperbeatins  Burfaoe ** 

Kind  of  fael 

Kind  of  furnace 

Total  Quantities, 

1.  Date  of  trial 

2.  Duration  of  trial hours. 

3.  Weight  of  coal  as  flred lbs. 

4.  Percentage  of  moisture  in  coal per  cent. 

6.  Total  we^;ht  of  dry  coal  consumed lbs. 

6.  Total  ash  and  refuse ■.  *' 

7.  Percentage  of  ash  and  refuse  in  dry  coal per  cent. 

8.  Total  weight  of  water  fed  to  the  boiler lbs. 

9.  Water  actually  evaporated,  corrected  for  moisture  or  super- 

heat in  steam     ** 

Hourly  QuanHHes. 

10.  Dry  coal  consumed  per  hour lbs. 

11.  Dry  coal  per  hour  per  square  foot  of  grate  surface     ...  " 

12.  Water  fed  per  hour *' 

13.  Equivalent  water  eraporated  per  hour  from  and  at  212° 

corrected  for  quality  of  steam " 

14.  Equivalent  water  evaporated  per  square  foot  of   water- 

heating  hour  ** 

Average  Pregsurett  Temperatures,  etc. 

16.  Average  boiler  pressure lbs.  per  sq.  in 

16.  Average  temperature  of  feed-water deg. 

17.  Average  temperature  of  escaping  gases " 

18.  Average  force  of  draft  between  damper  and  boiler     .    .    .  ins.  of  watei 

19.  Percentftf  e  of  moisture  in  steam,  or  number  of  degrees  of 

superheating 

Horse-Power, 

20.  Horse-power  developed  (Item  13  -=-  34^) H.P. 

21.  Builders*  rated  horse-power ** 

22.  Percentage  of  builders'  rated  horse-power per  cent. 

Economic  Results, 

23.  Water  apparently  evaporated  per  pound  of  coal  under 

actual  conditions.    (Item  8  -r  Item  3) lbs. 

24.  Equivalent  water  actually  evaporated  from  and  at  212<'  per 

pound  of  coal  as  fired.    (Item  9  --  Item  3) " 

26.  Eqmvalent  evaporation  from  and  at  212^  per  pound  of  dry 

coal.    (Item  9  -p  Item  5) •• 

26.  Equivalent  evaporation  from  and  at  212°  per  pound  of 

combustible.    [Item  9  4-  (Item  6  —  Item  o)] 

(If  Items  23. 24,  and  26  are  not  corrected  for  quality  of 
steam,  the  fact  should  be  stated.) 

ligMeney. 

27.  Heating  Talue  of  the  coal  per  pound B.T.U. 

28.  Effloienoy  of  boiler  (based  on  combustible) «  ^ 

29.  Bffloienoyof  boiler.  Including  grate  (based  on  coal)    ...  '^ 


Cost  qf  Evaporation, 

30.  Costofcoalpertonof  2,240  pounds  delivered  in  boiler-room         f 

31.  Cost  of  coal  required  for  evaporation  of  1,000  pounds  of 

water  from  and  at  212P • 


:    ( 


a.  If  ths  ilAam  li  HMnifed,  I.e.,  ecntalas  (hs  qoautitr  of  heat  dna  to  Uk 

(.  Ii  tba  ■leun  ii  tsei,  Im.,  oonbUiu  leu  Uun  tba  MUoaiit  of  hsat  dne  to  Uh 

e.  irUiB  ■(eun  is  anperlieMed,  l.e.,  oonUlas  mora  Ihaa  the  unannt  <d  heat 
dae  to  the  preann. 

There  >re  Mveral  method*  of  dotennlnliii:  the  qnaJlty  of  aleun  :  ana  belai 
to  ooodeiue  all  the  ateam  eratwrated  bjr  a  boiler  m  aBiirfBceoondeiu«r,aiid 
weigh  the  ooodenalng  water,  taking  the  temperatDre  at  Ita  entnuioa  to  and 
•lit  from  the  eondenier.  Another  la  bf  (ue  of  a  barrel  calorlnieter.  In 
whleh  ■  aample  of  the  gteam  la  condeiwod  dlreatl;  Id  a  barrel  partlr  SIM 
with  oold  water,  the  added  weight  and  temMratiire  taken,  and  l>7  naa  et  a 
^nanla  Uie  goallly  of  ateam  can  Iiu  detennlned. 

Both  tbe  BboTe-named  methods  are  dow  prBctlcaU;  obiolete,  aa  i 


^teiS?^' 

iowprBDtlCBl];obaolete,HtlieirtiIaa 

by  the  throtillt^  calorimeter,  mod  for  ateam  in  whl^  tbe 


moletore  doee  not  exceed  3  per  cent,  and  the  Bfparatinff  aalorlnieterp  fl 

TbrattllBf  CalaifKeter. 

In  Ita  almplsat  form  tUa  isetmneiil  cad  be  made  np  from  pipe  flttioB. 
the  onlj  apeotal  porta  necesHuy  being  thethiotCUngDoule,  which  la  readUT 
made  bj  boring  out  a  piece  of  braoa  roil  tbat  Is  the  same  diameter  «s  a  half- 
inch  ateam  pipe,  leaving  a  inmll  holelii  one  end,  but  A  Inoh  dUmetei.  The 
Inilde  end  ol  the  email  Cule  sbonid  be  tapered  wllh  iba  end  of  a  diill  k>  ai 
not  to  eanae  eddies  ;  and  the  thermometer  well,  which  ia  a  small  pleoo  nf 

braaa  pipe,  plugged  at  one  end,  and  fitted  Into  a  lialf-laoh  bmahl 

inloplaee.   TheToUowins  cut  ehowa  the  Inatmment  aamada  up  from 
Xhe  whole  mnat  be  carrfoUy  ( '  — '•' — ■* — •--  —  "- 


for  more  aomrate  work  the  Inatrnmenta  deatgnsd  by  George  B.  Bama, 
H.E.,andProf.R.C.O>rpenlw,  are  to  be  preferred.  ProfesaorOarpwIei'a 
Inatnuneut  la  ahown  In  Oie  fallowing  onl.  nnd  dilTera  from  the  nriDlttre 
tutnuDMit  prerlooily  daaerlbed  only  by  the  aiMltloD  of  (be  nrinrtrtM-. 
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Cmwpmm*»w't  TkrsMUar  C»l*rlBetor. 


, id  idM  tor  obUdniDg  a 

pnfenbiT  be  iDurM  Ir  -  — "-'  ■ 
Its  dtuaater. 


Qlob«  tiIt«  for  t«ii  minatflA  or  more  Id  order  to  bring  the  temperA- 
(be  lutniDMQt  to  roll  but,  uTMr  vblohnoletbereHdriigof  tha  tbar- 
grlntbaeBlorimetsTjiDdofUieiiltuhadinuiDmeterororabarnineta'. 


.  -, pound*.    I^Minre 

mrj  eoloma  ot  tha  buromatai 

*~  •  "»,  or  UIclDg  om  paDDd  for  e»ob  two  ! 

for  datanninJiis  tha  quality  ol 


^=  bit^ Iia4t  In  a  tMond  of  tteam  Bt  ttia preMnreln  Oie pipe. 


tCFtdhMtlD*ponnd<rf>teain  at  the  praHnni  In  tbeuforlmeter. 

latent  baa*  In  a  poimd  of  itaam  -*  **■ *-  **■-  "'"■ 

(  =  temparatnre  In  tbe  ealorlmeter. 


eatorlmeter  prewnra  (taken  at 

„-     InetrnDMnt). 

_, aaperbeated  at — 

quUtrofUmi* 


i  =  temptratEra  of  bolUnC  point  at 
Sl^  with  the  "  flttlDiia^  Inetnn 
IMC  =  apaaUlB  heat  of  aDparbeated  ateai 
a  =  quUtrofllmit«an 

_  g—  *  —M  (t  —  b) 
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If  A  be  taken  u  2129,  aa  H  oaa  be  with  bat  slight  error,  then 

H  —  1146.6  —  .48  («  —  212)       ,^ 
p  = 2; ^^ X  100. 

Following  are  tables  calculated  from  the  Abore  formula. 

Moiat«i«  lA  Meant. 

Z>efonnifia«on«  6y  T%ro<f/in^  Caiorimeter, 


Qauge-pressures. 

1 

6 

10 

20 

30 

40 

60 

60 

70 

75 

80 

86 

» 

Per  Gent  of  Moisture  in  Steam. 

00 

10° 

20° 
30° 
40° 

0.61 
0.01 

0.90 
0.38 

1.64 

1.02 

.61 

.00 

2.06 

1.64 

1.02 

.60 

2.60 

1.97 

1.46 

.92 

.38 

2.90 
2.36 
1.83 
1.30 
.77 
.24 

3.24 
2.71 
2.17 
1.64 
1.10 
J57 
.03 

BM 
3.02 
2.48 
1.94 
1.40 
.87 

3.n 

3.17 
2.63 
2.09 
1J» 
1.01 
.47 

3.86 
3.32 
2.77 
2.23 
1.69 
1.15 
.60 

joe 

3.99I4JS 
3.451  Ul 
2.90  3JS 
2.35)  2.« 
1.8n  IM 

50° 

1.361  L« 

.75;    Jt 

60° 

70° 

.17     Jl 

■ 

Oauge-pressure. 

1 

100 

110 

120 

130 

140 

160 

160 

170 

180 

190 

900 

» 

Per  Cent  of  Hoifttnre  in  Steam. 

0° 

4.39 

4.63 

4.86 

6.06 

6.29 

6.49 

6.68 

5.87 

6.06 

6u2a 

aiaolTJC 

10° 

3.84 

4.06 

4.29 

4.62 

4.73 

4.93 

6.12 

6.30 

5.48 

64B6 

6.8X 

6Ji 

20° 

3.29 

3.62 

3.74 

3.96 

4.17 

4.37 

4.66 

4.74 

4.01 

5j06 

6.9B 

6J» 

30^ 

2.74 

2.97 

3.18 

3.41 

3.61 

3.80 

3.99 

4.17 

4.34 

4JU 

4.87 

6.41 

40° 

2.19 

2.42 

2.63 

2.86 

3.06 

3.24 

8.43 

3.61 

8.78 

3.94 

4.10 

4.83 

60° 

1.64 

1.87 

2.08 

2.29 

2.48 

2.68 

2.67 

3i>4 

8.21 

3.87 

3.63 

4J5 

60° 

1.09 

1.32 

1.62 

1.74 

1.93 

2.12 

2J0 

2.48 

2.64 

2.80 

•2^6 

3.61 

70° 

.66 

.77 

.97 

1.18 

1.38 

1J$6 

1.74 

1.91 

2.07 

2.23 

2J» 

SJI 

80° 

.00 

.22 

.42 

.63 

.82 

1.00 

1.18 

IM 

1.60 

1.86 

1.81 

251 

90^ 

■     •     • 

•     •     • 

•     •     • 

.07 

.26 

.44 

.61 

.78 

M 

IM 

l.dt 

IM 

100° 

M 

... 

.21 

... 

... 

.87 

.10 

IJM 

110" 

•     •     • 

■     •     • 

•     •     • 

•     •     • 

... 

... 

.TS 

The  easiest  method  of  malting  the  detertfiinations  from  the  obaerratiaiii 
is  br  use  of  the  following  diagram,  prepared  by  Profeseor  Carpenter. 

Find  in  the  rertlcal  column  at  the  left  the  pressure  obeerred  in  the 
main  pipe  +  atmospheric  pressure  (the  absolute  pressure),  then  moTe  bori- 
Eon tally  to  the  right  until  over  the  line  giving  the  degree  of  superheat 
(t  —  b)f  and  the  quality  of  steam  will  be  found  in  a  curve  corresiK>ndlng  to 
one  of  those  shown,  and  which  may  be  interpolated  where  results  do  not 
some  on  one  of  the  lines  laid  down. 
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DJMRAM  QIVINQ  RESULTS  FROM  THROTTUNO  CALORIMITElt  WITHOUT  COMPUTATMMl 
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1398  STEAM* 

By  putting  a  Talve  In  the  dlBoharge  pipe  of  the  calorimeter,  beins  eaitfU 
that  when  open  it  offers  no  obstruction  to  a  free  passage  of  the  aceaai,  de- 
terminations may  be  made  from  temperatures  without  reference  to  a  itmm 
table,  and  by  using  the  following  diagram  by  Professor  Carpenter  no  caka- 
lation  is  necessary. 

a.  Determine  the  boiling-point  of  the  instrument  by  openinir  siiddIv  ai^ 

discharge  valves,  and  showering  the  Instrument  with  obld  w^  ta 

^^??K®®J^***"£®  ^J'^^  calorimeter,  in  which  case  the  l>oilin»Mtet 
will  be  212°  or  thereabouts.  *««-«-|n-» 

b.  Determine  temperature  due  to  the  boiler  pressure  by  ctoeing  the 

charge-valve,  leaving  the  supply-valve  open,  and  obtain  the  Udl 
pressure  in  the  calonmeter. 

c.  Open  the  discharge-valve  and  let  the  thermometer  settle  to  tbe 

ture  due  to  the  superheat. 

Deduct  the  temperature  of  the  boiling-point  from  this  last  tempermtuxe  ts 
obtain  the  degrees  superheat. 

Suppose  the  boiling-point  of  the  calorimeter  to  be  213°,  the  followli«  di- 
gram will  give  the  result  directly  from  the  temperatures. 

To  use  the  diagram  when  the  boiling-point  differs  from  2IS9,  add  to  tlis 
temperature  of  superheat  the  difference  between  the  true  boUingHDoInt  aad 
2120,  if  less  than  212o ;  and  subtract  the  difference  if  the  true  bollinrpote 
be  greater  than  212 ;  use  the  result  as  before. 


Ttiis  instrument  separates  the  moisture  from  the  sample  of  ateam,  and  As 
percentage  is  then  found  by  the  ordinary  formula. 

amount  of  moisture  x  100  ^       .  ^_ 

.  .  i   ■ 31 — c 5 ' — T-  =  por  cent  moisture. 

total  steam  discharged  as  sample      '^ 

One  of  the  most  convenient  forms  of  this  type  of  calorimeter  la  the  oae 
designed  by  Professor  Carpenter,  and  shown  in  Fig.  11. 

The  sample  of  steam  is  let  into  the  instrument  through  the  angle  vaha 
6,  the  moisture  gathers  in  the  inner  chamber,  its  weight  in  pounds  aad 
hundredths  being  shown  on  the  scale  12,  and  the  dry  steam  fiowa  out  thn^i^ 
the  small  calibrated  orifice  8. 

By  Napier's  law  the  flow  of  steam  through  an  orifice  is  proportional  to 
the  absolute  pressure,  until  the  back  pressure  equals  .68  that  ox  the  supply- 

l%e  gauge  9  at  the  right  shows  in  the  outer  scale  the  flow  of  neant 
through  the  orifice  8  in  a  period  of  10  minutes'  time. 

After  attaching  the  instrument  to  the  pipe  from  whfoh  sample  Is  taken 
through  a  perforated  pipe  as  with  the  throttline  or  other  ina&unient,  it 
must  be  thoroughly  wrapped  with  hair,  felt,  or  other  insulator.  Steam  Is 
then  turned  on  through  the  angle  valve,  and  time  enough  allowed  to  thor^ 
onghly  heat  the  instrument. 

Hi  taking  an  observation,  first  observe  and  record  height  of  water  on 
scale  12,  then  let  the  steam  flow  for  10  minutes,  observing  the  average  posi- 
tion of  the  pointer  on  the  flow-gauge ;  at  the  end  of  10  minutes  onerve 
the  height  of  water  in  gauge  12,  and  the  difference  between  this  and  Um 
first  observation  will  be  the  amount  of  moisture  in  the  sample ;  the  peroeBt> 
age  of  moisture  will  then  be  found  as  follows : 

difference  in  scale  12  x  100 

difference  on  scale  12  -h  average  for  10  minutes  on  the  flow-gange 

=%  moisture. 

For  tests  and  data  on  "  Calorimeters,"  see  papers  in  Trans.  A.S.MJB.,  by 
Messrs  O.  H.  Barrns,  A.  A.  Qoubert,  and  Professors  Carpenter,  DsBtoa, 
Jacobus,  and  Peabody. 
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1.0390 

1.0396 

1.0464 

1.0423 

1.0435 

1.0446 

1J0460 

1X>471 

iJOttS 

200 

1.0416 

1.0421 

1.0427 

1.0441 

1.0464 

1.0466 

1.0479 

1.0491 

ljQG02 

ima 

197 

1.0447 

1.0463'  1.0468 

1.0477 

1.0486 

1.0498 

1.0611 

1.0622 

ixmaa 

IJODM 

194 

1.0478 

1.0484 

1.0490 

1.0604 

1.0617 

IM29 

1.0642 

IJ0658 

1J05G!>\1J0S!9 

191 

1.0610 

1.0616 

1.0621 

1.0636 

1.0649 

1.0661 

1.0673 

1.0686 

1J0S96  1.0607 

188 

1.0641 

1.0647 

1.0663 

1.0666 

1.0580 

1.0692 

1.0606 

1.0616 

1.0G28, 1.0639 

186 

1X»72 

1.0678 

1.0684 

IJ069S 

1.0611 

1.062S 

1.0636 

1.0648 

IJOGBS:  l.ttSO 

182 

1.0604 

1.0610 

1.0616 

1.0629 

1.0643 

IJOBK 

1.066ft,  1.0679 

ijog9o,  ixnm 

179 

1.0635 

1.0641 

1.0647 

1.0660 

1.0674 

1.0686 

1.0699 

IJOTIO 

1J0722  IJ073S 

176 

1.0066 

1.0672;  1.0678 

1.0692 

1.0706 

1.0717 

1.0730 

1.0742 

1.0768  ijonek 

173 

1.0608 

1.0704 

LOTOO 

1.0723 

1.0737 

1.0746 

1.0762 

1.0778 

1.0784  1.0796 

170 

1.0729 

1.0736 

1.0741 

1.0754 

1.0768 

1.0780 

1.0793 

1.0604 

1.0616  ijoes: 

167 

ijmeo 

1.0768 

ixrm 

1.0786 

1.0799 

1.0811 

1.0824 

1.0636 

1jOM7,  IjOSS 

164 

1.0792 

1.0798 

1.0603 

1.0817 

1.0831 

1.0643 

1.0666 

1.0667 

1X1678 

IJOM 

161 

1.0623 

1.082» 

1.0836 

1.0648 

1.0862 

1.0874 

1.0887 

1J0898 

1j0910 

1X»21 

168 

1.0864 

1.0860 

1.0866 

1.0680 

1.0803 

1.0906 

1.0018 

1.0629 

1.0941 

IXKCS 

166 

1.0686 

1.0892 

1.0697 

1.0911 

1.0926 

1.0937 

1.0949 

1.0961 

1.0072 

1j096> 

162 

1.0017 

1.0923 

1.0929 

1.0942 

1.0066 

1.0068 

1.0981 

1.0692 

1.1004 

1J015 

149 

1.0948 

1.0954 

1.0960 

1.0974 

1.0987 

1.0999 

1.1012 

1.1023 

1.1035, 1.1016 

146 

1.U979 

1.0986 

1.0991 

1.1006 

1.1018 

1.103G 

1.1043 

1.1066 

1.1086 

1.1077 

143 

1.1011 

1.1017 

1.1022 

1.1036 

1.1060 

1.106S 

1.1074 

1.1086 

1.1097 

l.llOS 

140 

1.1042 

1.1048 

1.1064 

1.1067 

1.1081 

1.1003 

1.1106 

1.1117 

1.1129 

1.1140 

137 

1.1073 

1.1079 

1.1066 

1.1099 

1.1112 

1.1124 

1.1137 

1.1148 

i.iieo'i.iin 

134 

1.1104 

1.1110 

1.1116 

1.1130 

1.1148 

1.116C 

1.1168 

1.1180 

1.1191  1.120B 

131 

1.1136 

1.1142 

1.1147 

1.1161 

1.1176 

1.1187 

1.1199 

1.1210 

1.1222  1.12SS 

128 

1.1167 

1.1173 

1.1179 

1.1192 

1.1206 

1.121S 

1.1231 

1.1242 

1.1263  1.1264 

126 

1.1198 

1.1204 

1.1210 

1.1223 

1.1237 

1.1248 

1.1262 

1.1278 

1.1285{  1.1296 

122 

1.1229 

1.1236 

1.1241 

1.1266 

1.1268 

1.128C 

1.1293 

1.1294 

1.1316  1.1327 

119 

1.1260 

1.1266 

1.1272 

1.1286 

1.1299 

1.1311 

1.1324 

1.1336 

1.1347,  1.1368 

116 

1.1292 

1.1298 

1.1303 

1.1317 

1.1331 

1.1943 

1.1366 

1.1866 

1.1378 

1.1389 

113 

1.1323 

1.1329 

1.1334 

1.1348 

1.1362 

1.1374 

1.1387 

1.1396 

1.1409 

1.1420 

110 

1.1364 

1.1360 

1.1366 

1.1374 

1.1393 

1.1405 

1.1418 

1.1429 

1.1441 

1.146S 

107 

1.1386 

1.1391 

11397 

1.1411 

1.1424 

1.1436 

1.1449 

1.1460 

1.1472,  ]  J483 

104 

1.1416 

1.1422 

1.1428 

1.1442 

1.1466 

1.14G7 

1.1480 

1.1481 

1.1603 

1J614 

101 

1.1447 

1.1463 

1.1469 

1.1473 

1.1486 

1.1496 

1.1511 

1.16S28 

1.1634 

1.1545 

96 

1.1479 

1.1486 

1.1490 

1.1504 

1.1618 

1.1530 

1.1642 

1.1664 

1.1666 

L1676 

96 

1.1610 

1.1616 

1.1621 

1.1536 

1.1549 

1.1561 

1.1674 

1.1683 

1.1696 

1.1607 

92 

1.1641 

1.1547 

1.1563 

1.1666 

1.1680 

1.1502 

1.1606 

1.1616 

1.162B 

1.1639 

89 

1.1672 

1.1678 

1.158} 

1.1598 

1.1611 

1.1623 

1.1636 

1.1647 

1.1669 

1.1670 

86 

1.1603 

1.1609 

1.1616 

1.1629 

1.1642 

1.1654 

1.1667 

1.1678 

1.1G90 

1.1701 

83 

1.1631 

1.1040 

1.1646 

1.1660 

1.1673 

1.1685 

1.1696 

1.1709 

1.1721 

1.1738 

80 

1.1666 

1.1671 

1.1677 

1.1091 

1.1704 

1.1716 

1.1729 

1.1741 

1.1758  1.1763 

77 

1.1696 

1.1702 

1.1708 

1.1722 

1.1736 

1.1747 

1.1760 

1.1772 

1.1783  1.1794 

74 

1.1728 

1.1734 

1.1739 

1.1763 

1.1767 

1.1779 

1.1791 

1.1803 

1.1814  1.1625 

71 

1.1759 

1.1766 

1.1770 

1.1784 

1.1798 

1.1810 

1.1823 

1.1834 

1.1846  1.1866 

68 

1.1790 

1.1796 

1.1802 

1.1816 

1.1829 

1.1841 

1.1864 

1.1866 

1.1877 

1.1888 

66 

1.1821  1.1827 

1.1833 

1.1846 

1.1860 

1.1872 

1.1886 

1.1896 

1.1908 

1.1919 

62 

1.1862 

1.1858 

1.1864 

1.1877 

1.1891 

1.1903 

1.1916 

ia927 

1.1939 

1J^60 

69 

1.1883 

1.1889 

1.1896 

1.1900 

1.1922 

1.1934 

1.1947 

1.1968 

1.1970 

1.S981 

66 

1.1914 

1.1920 

1.1926 

1.1940 

1.1963 

1.1965 

1.1978 

1.1989 

1.2001 

1.2012 

63 

1.1945  1.1961 

1.1967 

1.1971 

1.1984 

1.1996 

1.2009  1.2020 

1.2082 

1.2043 

60 

1.1976  1.1982 

1.1988 

1.2002 

1.2016 

1.2027 

1.2040  1.2062 

1.2063 

1S074 

47 

1.2007 

1.2013 

1.2019 

1.2033 

1.2046 

1.2068 

1.2071  1.2083 

1.2004 

1.2106 

44 

1.2039 

1.2044 

1.2050 

1.2064 

1.2078 

1.2090 

1.2102 

1.2114' 1.21261 

1J21M 

41 

1.2070 

1.2076 

1.2081 

1.2006 

1.2109 

1.2121 

1.2133 

1.2146  1.2166  lSi€f 

38 

1.2101 

1.2107 

1.2112 

1.2126 

1.2140 

1.2162 

1.2164 

1.2176  1.2187  1.2198 

36 

1.2132 

1.2138  1.2143 

1.2167  1.2171' 

1.2183 

1.2196 

1.2207  1.2218  1.2219 

32 

1.2163 

1.2169  1.2175 

1.2188  1.22021 

1.2214 

1.2227 

1.22S9  ijaatB  ijom 

FACTORS  OP   EVAPORATION, 


1403 


TaMe  of  Vactors  of  BraporatloB. 


Gauge 

1            1 

Pressure. 

100 

106 

116 

126 

135 

146 

166 

166 

186 

Temp,  of 

Lbe. 

Lbe. 

Lbe. 

Lbl. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Feed. 

212«F, 

1.0397 

1.0M7 

1.0427 

1.0446 

1.0162 

1.0478 

1.0498 

1.0609 

1.0636 

20e 

1.0129 

1.0438 

1.0468 

1.0476 

1.0408 

1.0609 

1.0604 

1.054O 

1.0667 

906 

1.0460 

1.0470 

1.0488 

liBlO 

1.0627 

1.0643 

1.0668 

1.0674 

1.0601 

208 

1J)492 

1.0602 

1.0521 

1.0640 

10667 

1.0673 

1.0588 

1.0604 

1.0631 

900 

1.0628 

1.0533 

1.0662 

1.0671 

1.0688 

1.0604 

1.0619 

1.0635 

1.0662 

107 

1.0666 

1.0666 

1.0584 

1.0602 

1.0619 

1.0686 

1.0660 

1.0666 

1X)603 

194 

1.0686 

1.0606 

1.0616 

1.0636 

1.0652 

ijoees 

1.0683 

1.0699 

1.0726 

191 

1.0617 

1.0627 

1.0647 

1.0666 

1.0682 

1.0686 

1.0713 

1.0729 

1.0766 

U8 

1.0649 

1.0660 

1.0678 

L.0696 
1.0728 

1.0713 

lUy728 

1.0744 

1.0760 

1.0787 

185 

1.06R0 

1.0690 

1.0708 

1X)746 

ijfften 

1.0776 

1.0792 

1.0619 

182 

i.on2 

1.0722 

1.0741 

1.0789 

1.0776 

1.0792 

1-0607 

1.0823 

1.0860 

179 

1X>743 

1.0763 

ijym 

10790 

1.0807 

1.0623 

1.0K3K 

1.0854 

1.0881 

176 

1.0774 

1.0784 

1.0608 

1.0622 

1.0830 

1.0855 

1.0870 

1.0686 

IJOBIS 

173 

1.0806 

1.0ri6 

1.0636 

1.0653 

1.0670 

1.0886 

1.0901 

1.0917 

1.0944 

170 

1.0R37 

1.0647 

1.0866 

1.0684 

1.0801 

1.0617 

14)032 

1.0048 

1.0976 

167 

1.0668 

1.0A78 

1.0887 

1.0016 

1.0833 

1X849 

1.0864 

1.0980 

1.1007 

164 

1.0900 

1.0010 

1.0029 

1.0946 

1.0063 

1.0079 

1.0894 

1.1010 

1.1037 

161 

1U»31 

1.0041 

1.0860 

1.0879 

1.0996 

1.1012 

1.1027 

1.1043 

1.107D 

IM 

1.0962 

1.0972 

1.0081 

1.1010 

1.1027 

1.1046 

1.1058 

1.1074 

1.1101 

v» 

1.0003 

1.1003 

1.1023 

1.1041 

1.1068 

1.1Qr74 

1.1069 

1.1105 

1.1132 

153 

1.1005 

1.1036 

1.1064 

1.1073 

1.1000 

1.1107 

1.1122 

1.1138 

1.1165 

148 

1.1066 

1.1066 

1.1066 

1.1108 

1.1120 

1.1136 

1.1151 

1.1167 

1.1194 

146 

1.1067 

1.1097 

1.1116 

1.1136 

1.1152 

1.1168 

1.1183 

1.1199 

1.1226 

143 

1.1118 

1.1129 

1.1148 

1.1166 

1.1183 

1.1199 

1.1214 

1.1230 

1.1257 

140 

1.1160 

1.1160 

1.1178 

1.1197 

1.1214 

1.1230 

1.1246 

1.1261 

1.1288 

137 

1.1181 

1.1191 

1.1210 

1.1228 

1.1245 

1.1262 

1.1277 

1.1293 

1.1320 

194 

1.1212 

1.1222 

1.1241 

1.1260 

1.1277 

1.1293 

1.1306 

1.1324 

1.1861 

131 

1.1243 

1.1268 

1.1278 

1.1291 

1.1308 

1.1324 

1.1339 

1.1356 

1.1882 

128 

1.1275 

1.1286 

1.1304 

1.1322 

1,1339 

1.1365 

1.1370 

1.1386 

1.1413 

126 

1.1306 

1.1316 

1.1335 

1.1363 

1.1370 

1.1386 

1.1401 

1.1417 

1.1444 

122 

11337 

1.1347 

1.1366 

1.1384 

1.1401 

1.1417 

1.1438 

1.1448 

1.1476 

119 

1.1368 

1.1378 

1.1387 

1.1416 

1.1432 

1.1449 

1.1464 

1.1480 

1.1607 

116 

1.1389 

1.1400 

1.1428 

1.1447 

1.1464 

1.1480 

1.1495 

1.1511 

1.1638 

113 

1.1431 

1.1441 

1.1460 

1.1478 

1.1485 

1.1611 

1.1626 

1.1642 

1.1669 

110 

1.1462 

1.1472 

1.1481 

1.1609 

1.1616 

1.1642 

1.1557 

1.1573 

1.1600 

107 

1.1488 

1.1608 

1.1622 

1.1M0 

1.1657 

1.1573 

1.1568 

1.1604 

1.1631 

104 

1.1624 

1.1534 

1.1663 

1.1671 

1.1688 

1.1606 

1.1619 

1.1635 

1.1662 

101 

1.1666 

1.1665 

1.1684 

1.1902 

1.1620 

1.1636 

1.1652 

1.1668 

1.1696 

98 

1.1686 

1.1696 

1.1616 

1.1634 

1.1651 

1.1667 

1.1683 

1.1699 

1.1726 

96 

1.1618 

1.1628 

1.1647 

1.1666 

1.1682 

1.1698 

1.1713 

1.1729 

1.1766 

92 

1.1649 

1.1660 

1.1678 

1.1696 

1.1713 

1.1729 

1.1744 

1.1760 

1.1787 

89 

1.1680 

1.1680 

1.1708 

1.1727 

1.1744 

1.1760 

1.1776 

1.1791 

1.1818 

86 

1.1711 

1.1721 

1.1740 

1.1768 

1.1775 

1.1791 

1.1806 

1.1822 

1.1849 

83 

1.1742 

1.1752 

1.1771 

1.1789 

1.1806 

1.1823 

1.1837 

1.1863 

1.1880 

80 

1.1773 

1.1783 

1.1802 

1.1820 

1.1837 

1.1854 

1.1869 

1.1885 

1.1912 

77 

1.1804 

1.1814 

1.1834 

1.1862 

1.1809 

1.1885 

1.1900 

1.1916 

1.1943 

74 

1.1836 

1.1846 

1.1866 

1.1883 

1.1900 

1.1916 

1.1932 

1.1948 

1.1975 

71 

1.1867 

1.18T7 

1.1896 

1.1914 

1.1931 

1.1947 

1.1961 

1.1977 

1.2004 

68 

1.1886 

1.1906 

1.1827 

1.1946 

1.1962 

1.1978 

1.1993 

1.2009 

1.2036 

66 

1.1929 

1.1939 

1.1968 

1.1976 

1.1993 

1.2009 

1.20M 

1.2040 

1.2067 

62 

1.1900 

1.1970 

1.1969 

1.2007 

1.2024 

1.2040 

1.2055 

i.2on 

1.2098 

89 

1.1991 

1.2001 

1.2020 

1.2038 

1.2056 

1.2071 

1.2086 

1.2102 

1.2129 

66 

1.2022 

1.2032 

1.2051 

1.2069 

1.2066 

1.2102 

1.2117 

1.2133 

1.2160 

68 

1.2063 

1.2063 

1.2082 

1.2100 

1.2117 

1.2134 

1.2148 

1.2164 

1.2191 

60 

1.2064 

1.2094 

1.2113 

1.2131 

1.2148 

1.2166 

1.2180 

1.2196 

1.2223 

47 

1.2116 

1.2126 

1.2144 

1.2163 

1.2180 

1.2196 

1.2211 

1.2227 

1.2264 

44 

1.2146 

1.2166 

1.2176 

1.2194 

1.2211 

1.2227 

1.2242 

1.2258 

1.2286 

41 

1.2177 

1.2187 

1.2207 

1.2226 

1.2242 

1.2268 

1.2273 

1.2289 

1.2316 

38 

1.2208 

1.2219 

12238 

1.2256 

1.2273 

1.2289 

1.2304 

1.2320 

1.2347 

86 

1.2240 

1.2260 

12209 

12287 

1.2304 

1.2320 

1.2335 

1.2361 

1.2378 

32 

1.23n 

1.2281 

1.2300 

1.2318 

1.2335 

1.2351 

1.2366 

1.2382 

1.2409 
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Tablo  of  Vacton  of  ■▼•p«rail«B. 

W.  Wallace  Christie. 

Gance 
PreasuTe. 

200 

215 

230 

245 

260 

275 

290 

300 

Temp,  of 

lbs. 

Ibe. 

Ibe. 

Ibe. 

llbe. 

Ibe. 

lbs. 

Iba. 

Feed. 

212-  F. 

1.0665 

1.0574 

1.0591 

1.0608 

1.0622 

1.0639 

1.0653 

1.06S 

209 

1.0686 

1.0605 

1.0622 

1.0639 

1.0654 

1.0670 

1.0684 

1.G694 

206 

1.0616 

1.0635 

1.0653 

1.0669 

1.0685 

1.0700 

1.0715 

1.0724 

203 

1.0648 

1.0668 

1.0684 

1.0701 

1.0717 

1.0732 

1.0746 

1.0796 

200 

1.0680 

1.0699 

1.0716 

1.0733 

1.0749 

1.0764 

1.0779 

1.0788 

197 

1.0711 

1.0730 

1.0747 

1.0764 

1.0781 

1.0795 

1.0810 

i.ons 

194 

1.0743 

1.0762 

1.0779 

1.0796 

1.0813 

1.0827 

1.0842 

1.Q8U 

191 

1.0774 

1.0798 

1.0811 

1.0827 

1.0844 

1.0858 

1.0673 

1.0882 

188 

1.0606 

1.0825 

1.0643 

1.0859 

1.0875 

1.0890 

1.0905 

1.0914 

186 

1.0838 

1.0857 

1.0875 

1.0891 

1.0907 

1.0923 

1.0937 

1.0916 

182 

1.0869 

1.0888 

1.0906 

1.0923 

1.0938 

1.0954 

1.0968 

1.0077 

179 

1.0900 

1.0917 

1.0937 

1.0954 

1.0969 

1.0085 

1.0999 

1.1009 

176 

1.0932 

1.0950 

1.0968 

1.0985 

1.1000 

1.1016 

1.1090 

I.IOIO 

173 

1.0964 

1.0983 

1.1000 

1.1017 

1.1032 

1.1048 

1.1062 

i.ion 

170 

1.0995 

1.1014 

1.1031 

1.1048 

1.1063 

1.1079 

1.1093 

1.1108 

167 

1.1026 

1.1046 

1.1062 

1.1079 

1.1094 

1.1110 

1.1124 

1.1134 

164 

1.1067 

1.1076 

1.1093 

1.1110 

1.1126 

1.1141 

1.1155 

1.1115 

161 

1.1088 

1.1107 

1.1124 

1.1141 

1.1157 

1.1172 

1.1187 

1.1U6 

168 

1.1120 

1.1139 

1.1156 

1.1173 

1.1189 

1.1204 

1.1219 

1.1228 

•166 

1.1151 

1.1170 

1.1188 

1.1204 

1.1220 

1.1235 

1.1250 

1.US9 

162 

1.1182 

1.1201 

1.1219 

1.1235 

1.1251 

1.1266 

1.1281 

1.1290 

149 

1.1218 

1.1232 

1.1250 

1.1266 

1.1282 

1.1297 

1.1312 

1.1321 

146 

1.1245 

1.1264 

1.1282 

1.1298 

1.1314 

1.1329 

1.1344 

1.13SI 

143 

1.1276 

1.1295 

1.1313 

1.1329 

1.1345 

1.1361 

1.1375 

1.1384 

140 

1.1308 

1.1326 

1.1344 

1.1360 

1.1376 

1.1392 

1.1406 

1.1415 

137 

1.1339 

1.1357 

1.1375 

1.1392 

1.1407 

1.1424 

1.1437 

1.1447 

134 

1.1371 

1.1389 

1.1407 

1.1424 

1.1438 

1.1456 

1.1469 

1.1479 

181 

1.1402 

1.1421 

1.1438 

1.1455 

1.1470 

1.1487 

1.1500 

1.1510 

128 

1.1433 

1.1452 

1.1469 

1.1486 

1.1501 

1.1518 

1.1532 

1.1541 

125 

1.1464 

1.1483 

1.1500 

1.1517 

1.1532 

1.1549 

1.1563 

1.1572 

122 

1.1496 

1.1515 

1.1532 

1.1549 

1.1564 

1.1580 

1.1595 

1.16D4 

119 

1.1527 

1.1546 

1.1563 

1.1580 

1.1596 

1.1611 

1.1628 

1.1635 

116 

1.1559 

1.1577 

1.1594 

1.1611 

1.1627 

1.1642 

1.1657 

1.1668 

113 

1.1589 

1.1608 

1.1626 

1.1642 

1.1658 

1.1673 

1.1688 

1.16B? 

110 

1.1620 

1.1639 

1.1657 

1.1673 

1.1689 

1.1704 

1.1719 

i.ins 

107 

1.1651 

1.1670 

1.1688 

1.1704 

1.1720 

1.1735 

1.1750 

1.1760 

104 

1.1682 

1.1701 

1.1719 

1.1735 

1.1751 

1.1766 

1.1781 

1.1790 

101 

1.1713 

1.1732 

1.1750 

1.1766 

1.1782 

1.1797 

1.1812 

1.1831 

98 

1.1744 

1.1763 

1.1781 

1.1797 

1.1813 

1.1829 

1.1843 

1.18S3 

96 

1.1776 

1.1794 

1.1812 

1.1829 

1.1844 

1.1860 

1.1874 

l.i884 

92 

1.1807 

1.1826 

1.1843 

1.1860 

1.1875 

1.1891 

1.1905 

1.1915 

89 

1.1838 

1.1857 

1.1874 

1.1891 

1.1906 

1.1922 

1.1936 

1.1946 

86 

1.1869 

1.1888 

1.1905 

1.1922 

1.1987 

1.1953 

1.1967 

1.1977 

83 

1.1900 

1.1919 

1.1936 

1.1953 

1.1968 

1.1984 

1.1999 

1.2006 

80 

1.1031 

1.1950 

1.1967 

1.1984 

1.2000 

1.2015 

1.2030 

1.2099 

77 

1.1962 

1.1981 

1.1998 

1.2015 

1.2031 

1.2046 

1.2061 

1.2070 

74 

1.1993 

1.2012 

1.2029 

1.2046 

1.2062 

1.2077 

1.2092 

1.2101 

71 

1.2024 

1.2043 

1.2061 

1.2077 

1.2092 

1.2108 

1.2123 

1.2132 

68 

1.2055 

1.2074 

1.2092 

1.2108 

1.2124 

1.2139 

1.2154 

1.2168 

66 

1.2087 

1.2105 

1.2123 

1.2139 

1.2155 

1.2170 

1.2185 

1.3194 

62 

1.2118 

1.2136 

1.2154 

1.2172 

1.2186 

1.2201 

1.2216 

1.2228 

69 

1.2149 

1.2167 

1.2185 

1.2202 

1.2217 

1.2233 

1.2247 

1.2386 

66 

1.2180 

1.2198 

1.2216 

1.2232 

1.2248 

1.2264 

1.2278 

1.2288 

63 

1.2211 

1.2229 

1.2247 

1.2264 

1.2279 

1.2295 

1.2309 

1.2319 

60 

1.2242 

1.2261 

1.2278 

1.2295 

1.2310 

1.2326 

1.2340 

1.2350 

47 

1  2273 

1.2292 

1.2309 

1.2326 

1.2341 

1.2357 

1.2371 

1.2S81 

44 

1.2304 

1.2323 

1.2340 

1.2357 

1.2372 

1.2388 

1.2403 

1.9412 

41 

1.2335 

1.2354 

1.2371 

1.2388 

1.2408 

1.2419 

1.2433 

1.2443 

38 

1  2366 

1.2385 

1.2402 

1.2419 

1.2434 

1.2450 

1.2464 

12474 

36 

1.2397 

1.2416 

1.2433 

1.2450 

1.2465 

1.2481 

1.2496 

1.2801 

82 

1.2428 

1.2447 

1.2464 

1.2481 

1.2497 

1.2512 

1.2527 

1.2536 

FACTOS8  OF  HVAPORATION. 
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FACTORS  OF  BVAPOBATION. 


1403d 


Table  of  iPaciors  of  BTaponitfoB« — Ccneluded, 


Gauge 

• 

PreflsorB. 

200 

215 

230 

245 

260 

275 

290 

800 

Temp,  of 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Feed. 

300 'F. 

0.9626 

0.9645 

0.9662 

0.9679 

0.9694 

0.9710 

0.9724 

0.9734 

205 

0.9679 

0.9697 

0.9715 

0.9732 

0.9747 

0.9763 

0.9777 

0.9787 

290 

0.9733 

0.9751 

0.9769 

0.9786 

0.9801 

0.9817 

0.9831 

0.9840 

287 

0.9765 

0.9783 

0.9801 

0.9818 

0.9833 

0.9849 

0.9863 

0.9873 

294 

0.9797 

0.9816 

0.9833 

0.9850 

0.9865 

0.9881 

0.9895 

0.9905 

281 

0.9828 

0.9847 

0.9864 

0.0881 

0.9896 

0.9912 

0.9926 

0.9936 

278 

0.9859 

0.9878 

0.9895 

0.0912 

0.9927 

0.9943 

0.9057 

0.9967 

275 

0.9891 

0.9910 

0.9927 

0.9044 

0.9959 

0.9975 

0.9969 

0.9999 

272 

0.9921 

0.9940 

0.9958 

0.9974 

0.9990 

1.0005 

1.0020 

1.0029 

269 

0.9954 

0.9973 

0.9991 

1.0007 

1.0023 

1.0038 

1.0053 

1.0063 

266 

0.9987 

1.0006 

1.0024 

1.0040 

1.0O56 

1.0071 

1.0086 

1.0096 

263 

1.0017 

1.0036 

1.0054 

1.0070 

1.0086 

1.0102 

1.0116 

1.0125 

260 

1.0049 

1.0058 

1.0086 

1.0108 

1.0118 

1.0133 

1.0148 

1.0157 

257 

1.0081 

1.0099 

1.0117 

1.0134 

1.0149 

1.0164 

1.0179 

1.0188 

254 

1.0113 

1.0132 

1.0149 

1.0166 

1.0181 

1.0197 

1.0211 

1.0221 

251 

1.0145 

1.0164 

1.0181 

1.0198 

1.0213 

1.0229 

1.0243 

1.0253 

248 

1.0177 

1.0196 

1.0213 

1.0230 

1.0245 

1.0261 

1.0275 

1.0285 

245 

1.0208 

1.0227 

1.0244 

1.0261 

1.0276 

1.0292 

1.0306 

1.0316 

242 

1.0239 

1.0258 

1.0275 

1.0293 

1.0308 

1.0323 

1.0337 

1.0347 

239 

1.0271 

1.0290 

1.0307 

1.0324 

1.0340 

1.0355 

1.0370 

1.0379 

236 

1.0303 

1.0322 

1.0340 

1.0356 

1.0372 

1.0387 

1.0402 

1.0411 

233 

1.0334 

1.0353 

1.0371 

1.0387 

1.0403 

1.0418 

1.0433 

1.0442 

230 

1.0367 

1.0385 

1.0403 

1.0419 

1.0435 

1.0450 

1.0465 

1.0474 

227 

1.0398 

1.0416 

1.0434 

1.0450 

1.0466 

1.0482 

1.0496 

1.0505 

224 

1.0429 

1.0447 

1.0465 

1.0482 

1.0497 

1.0513 

1.0527 

1.0536 

221 

1.0460 

1.0478 

1.0496 

1.0512 

1.0528 

1.0544 

1.0558 

1.0567 

218 

1.0492 

1.0611 

1.0528 

1.0545 

1.0560 

1.0576 

1.0590 

1.0600 

215 

1.0624 

1.0543 

1.0662 

1.0577 

1.0592 

1.0608 

1.0622 

1.0632 

(W.W.  Christie.  M.E.) 


.089 
.096 
.104 
.112 

.122 
.132 
.142 
.152 

.104 
.176 
.190 
.206 

.220 
.236 
.254 
.273 

.292 
.313 
.335 
.359 

.385 
.411 
.440 
.470 

.502 
.535 
.571 
.609 

.650 
.692 
.738 
.785 

.834 

.887 

.943 

1.001 

1.062 
1.126 
1.193 
1.265 

1.341 
1.421 
1.504 
1.591 

1.682 
1.779 


32 
34 
36 
38 

40 
42 
44 
46 

48 
50 
52 
54 

56 
58 
60 
62 

64 
66 
68 
70 

72 
74 
76 
78 

80 
82 
84 
86 

88 
90 
92 
94 

96 

98 

100 

102 

104 
106 
108 
110 

112 
114 
116 
118 

120 
122 


Heat  Units  in  one  Pound 
ftbove  32*  F. 


0 
2 
4 
6 

8 
10 
12 
14 

16 
18 
20 
22 

24 
26 
28 
30 

32 
34 
36 
38 

40 
42 
44 
46 

48 
50 
52 
54 

56 
58 
60 
62 

64 
66 
68 
70 

72 

74 
76 
78 

80 
82 

84 
86 

88 
90 


I 


092.7 
090.37 
088.98 
087.59 

086.20 
084.81 
083.41 
082.02 

080.63 
079.25 
077.86 
076.47 

075.08 
073.69 
072.31 
070.92 

069.53 
068.14 
066.75 
065.35 

063.96 
062.57 
061.18 
059.70 

058.40 
057.01 
055.62 
054.22 

052.83 
051.44 
050.05 
048.66 

047.27 
045.87 
044.48 
043.08 

041.69 
040.29 
038.90 
037.52 

036.12 
034.74 
033.35 
031.94 

030.55 
029.16 


<-3  . 


Volume. 


092.7 
092.37 
092.98 
093.59 

094.20 
094.81 
095.41 
096.02 

096.63 
097.25 
097.86 
098.47 

090.08 
099.69 
100.31 
100.92 

101.53 
102.14 
102.75 
103.35 

103.96 
104.57 
105.18 
105.79 

106.40 
107.01 
107.62 
108.23 

108.84 
109.45 
110.06 
110.67 

111.28 
111.89 
112.50 
113.10 

113.71 
114.32 
114.93 
115.55 

116.16 
116.78 
117.39 
117.09 

118.60 
119.21 


Relative 


Speeifie 


Cu.  Ft. 

in.  1  Gu. 

Ft.  of 

Water. 


208080 
103180 
170380 
166380 

154330 
143220 
133120 
123840 

115490 

107630 

100330 

93680 

87500 
81740 
76370 
71330 

66630 
62290 
58340 
54660 

51210 
48000 
45060 
42280 

39690 
37320 
35100 
33030 

31100 
29290 
27600 
26020 

24540 
23140 
21830 
20620 

19500 
18460 
17470 
16520 

15640 
14820 
14050 
13320 

12630 
11980 


Cu.Ft. 
in  one 
Lb.  of 
Steam. 


3387 
3138 
2910 
2700 

2506 
2328 
2164 
2013 

1874 
1745 
1626 
1516 

1415 
1321 
1234 
1153 

1078 
1009 
944.7 
885.0 

820.5 
777.0 
720.0 
685.2 

643.8 
605.0 
568.8 
535.2 

503.7 
474.6 
447.1 
421.5 

307.5 
375.1 
354.0 
334.5 

316.1 
298.8 
382.7 
267.5 

253.3 
230.0 
227.3 
215.5 

204.4 
103.0 


§1 


oodfios 

318 
344 
370 


420 
462 


573 
615 


706 
757 
810 
887 

0S7 

001 

.001059 

1130 

1206 


1370 
1450 

1553 
1653 
1758 
1860 

1085 
002107 


2373 

2516 
2666 
2824 
2900 

008163 
3347 
3537 
3738 

3048 
004168 


4A40 

4803 

005156 


pjBomTBsa  < 


F  •AWKATBn  VrKAia.  — Continued. 


Si 

I 

J 

3 

HMt  Udtg  in  OM  Pound 

Votuffl*. 

a. 

ii 

§^ 

m 

RMa- 

Simifio 

m 

Water. 

m 

SO.M 

1.870 

124 

02 

1037.78 

1119  82 

.1370 

181  1 

.006433 

BS 

084 

1026 

37 

1120 

43 

174  " 

6720 

ooe 

96 

97 

10265 

186 

1 

25 

41 

3 

313 

130 

08 

1033 

1121 

65 

0780 

8 

6336 

25 

17 

Z 

335 

132 

1023 

18 

112! 

150 

6004 

24 

91 

2 

461 

134 

102 

87 

14S 

8 

24 

504 

136 

101 

1019 

39 

1123 

8 

7881 

34 

3« 

732 

138 

106 

1018 

00 

1121 

09 

7733 

24 

oe 

S 

876 

140 

108.1 

1016 

60 

1124 

70 

7613 

123 

2 

8120 

23 

110.1 

1015 

7258 

23 

43 

3 

188 

1013 

81 

112i 

92 

6920 

23 

00 

3 

363 

146 

41 

53 

106 

6 

22 

j^ 

3 

526 

148 

118. 

on 

01 

1127 

14 

8290 

101 

7 

.009883 

37 

3 

707 

118. 

ooe 

61 

1127 

75 

eou 

.01031 

21 

eo 

3 

806 

008 

1128 

61 

.01080 

21 

OM 

154 

132! 

006 

82 

07 

6477 

88 

43 

21 

17 

4 

305 

156 

lOOf 

86 

84 

.01184 

3C 

607 

158 

126!  1 

8C 

7( 

20 

128.1 

1002 

4770 

19 

82 

* 

060 

162 

130.1 

1001 

22 

1131 

11 

4560 

.01356 

10 

33 

5 

200 

104 

132.2 

4368 

70 

6< 

18 

134.2 

02 

24 

!0154S 

17 

78 

5 

881 

170 

62 

85 

61 

01817 

17 

16 

e 

262 

173 

1*0.2 

004 

22 

1134 

40 

3804 

69 

25 

.01888 

10 

s 

174 

002 

82 

1135 

07 

3510 

15 

OS 

e 

857 

176 

1135 

88 

3306 

54 

15 

31 

7 

173 

178 

146!  2 

29 

3226 

62 

14 

14 

M 

7 

500 

180 

148.2 

083 

82 

136 

00 

30B3 

50 

01 

02000 

13 

OS 

841 

137 

81 

2066 

13 

23 

8 

104 

152!  3 

48 

°! 

12 

8 

558 

186 

154.3 

B84 

41 

13fl 

73 

2733 

44 

.02264 

11 

71 

8 

188 

083 

00 

1139 

34 

2624 

02368 

10 

01 

0 

too 

I58!3 

« 

^ 

.02455 

10 

« 

160.3 

080 

20 

1140 

0 

22 

102.3 

078 

70 

1141 

17 

8 

33 

10 

50 

196 

164.3 

977 

3234 

M 

13 

.02768 

06 

ias.4 

075 

98 

7i 

.02S7B 

0 

46 

1M!4 

58 

00 

2064 

V 

6 

4a 

13 

00 

303 

81 

1985 

172,4 

071 

76 

22 

30 

a: 

-03235 

3 

3S 

13 

070 

36 

IIH 

29 

3 

28 

13 

56 

20S 

176!* 

068 

1I4J 

1776 

28 

6! 

!0Q4O3 

12 

210 

17B.5 

967 

54 

05 

1708 

27 

57 

.03628 

0.00 

14.70 

212 

180.6 

968.13 

1116.66 

1641 

26.60 

.03760 
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STEAM. 


J 

PROS 

(Compiled  by  W.  W.  Cbriatie.) 

AXKABI. 

Poiindsjper 
Square  Incb. 

P.8 

c  ^ 

Heat  Unlt«  in  one 
Found  above  32°  F. 

yoluine. 

• 

U 

Relar 

tiTe 

Specific 

Cu.  Ft. 

in  1  Cu. 

Ft.  of 

Water. 

Cu.  Ft, 

in  one 

Lb.  of 

Steam. 

fii 

1 

2 
3 

4 

102. 
126.2 
141.6 
163.0 

70.1 

94.4 

109.8 

121.4 

1042.9 
1026.0 
1015.2 
1007.2 

1113.0 
1120.4 
1126.1 
1128.6 

20628 

16790 

7325 

6588 

330.4 
171.9 
117,3 
89.51 

.0030 
.0Q68 

JOOBi 
.0112 

6 
6 

7 
8 

1G2.3 
170.1 
176.9 
182.9 

130.7 
138.6 
146.4 
161.4 

1000.7 
996.2 
990.4 
086.2 

1131.4 
1133.8 
1136.8 
1137.7 

4530 
3816 
3302 
2912 

72.56 
61.14 
52.89 
46.65 

joias 

.0214 

9 
10 
11 
12 

188.3 
193.2 
197.7 
201.9 

166.9 
161.9 
166J& 
170.7 

982.4 
978.9 
976.7 
972.8 

1139.3 
1140.8 
1142.2 
1143 JS 

2007 
2361 
2159 
1990 

41.77 
37.88 
84.59 
81.87 

JB39 
.0261 
.0BB8 
JQ8U 

^304 
1.3 

13 
14 
16 
16 

206.8 
209.6 
213.0 
216J) 

174.7 
178.4 
181.9 
186.2 

970.0 
967.4 
964.9 
962.6 

1144.7 
1146.8 
1146.9 
1147.9 

1845 
1T21 
1614 
1619 

29JS6 
27  J» 
25.86 
24.33 

JOBS 
.096} 
J03S7 
jOUl 

2.8 
3.3 
4.3 
6.3 

17 
18 
19 
20 

219.4 
222.3 
225.2 
227.9 

188.4 
191.4 
194.2 
197.0 

960.4 
968.3 
956.3 
964.4 

1148.8 
1149.7 
1150.6 
1161.4 

1434 
1359 
1292 
1231 

22.98 
21.72 
20.70 
19.78 

J09X 
.0458 

JOOOff 

6.3 
7.3 
8.3 
9.3 

21 
22 
23 
24 

230.6 
233.0 
236.4 
237.7 

199.6 
202.2 
204.6 
207.0 

962.5 
950.8 
949.0 
947.4 

1162.2 
1153.0 
1163.7 
1164.4 

1176 
1126 
1080 
1088 

18.84 
18.04 
17J0 
16.62 

JQ631 
.0654 
jQ078 
.0602 

10.3 
11.3 
12.3 
13.3 

26 

26 
27 
28 

240.0 
242.1 
244.2 
246.3 

209.3 
211J6 
213.6 
216.7 

945.8 
944.2 
942.7 
941.3 

1165.1 
1156.8 
1156.4 
1167.0 

998.4 
962.3 
928.8 
897.6 

16.00 
15.42 
14.88 
14.38 

.OOS 
JOBm 

14.3 
16.3 
16.3 
17.3 

20 
30 
31 
32 

248.3 
250.2 
262.1 
263.9 

217.7 
219.7 
221.6 
223.6 

939.9 
938.9 
937.1 
935.9 

1167.6 
1158.2 
1168.8 
1169.3 

8A8J> 
841.3 
816.8 
791.8 

13.91 
13.48 
13.07 
12.68 

sms 

J074I2 
.0766 

18.3 
19.3 
20.3 
21.3 

33 
34 
36 
36 

256.7 
257.4 
259.1 
260.8 

225.3 
227.1 
228.8 
230JS 

934.6 
933.3 
932.1 
931.0 

1159.9 
1160.4 
1160.9 
1161.6 

769.2 
748.0 
727.9 
706.8 

12.32 
11.98 
11.66 
11.37 

.OSU 
.0836 
UM68 
.0681 

22.3 
233 
24.3 
26.3 

37 
38 
39 
40 

262.4 
264.0 
265.6 
267.1 

232.1 
233.8 
235.3 
236.9 

929.8 
928.6 
927.5 
926.4 

1161.9 
1162.4 
1162.9 
1163.4 

690.8 
678.7 
667.6 
642.0 

11.07 
10.79 
10J»3 
10.28 

.0904 
J0927 
.0948 

xms 

263 
27.3 

41 
42 

268.6 
270.0 

238.4 
239.9 

925.4 
924.3 

1163.8 
1164.3 

G27.8 
813.3 

10.06 
9.896 

.1018 
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1407 


KEBS    OS*    AAWlftAVHD    A VB AM  —  Om/ififier/. 


Poondsper 
Square  Inch. 

ll 

Heat  Unita  in  one 
Pound  above  S2P  F. 

Volmne. 

1 

• 

4 

II 

lisJ 

Rela. 
tive 

Speeiflc 

fi 

Cu.  Ft. 

in  1  Cu. 

Ft.  of 

Water. 

Cu.  Ft. 
in  one 
U>.ot 
Bteani. 

283 
293 
303 
313 

48 
44 
46 
46 

2713 
272.9 
274.3 
276.6 

241.4 
2423 
244.2 
216.6 

9233 
9223 
9213 
9203 

1164.7 
1166.1 
1166.6 
11663 

6003 
6873 
674.7 
663.0 

9.609 
9308 
9.207 
9318 

.1041 
.1068 
.1086 
.1100 

883 

833 
843 
863 

47 
66 
40 
60 

2763 
278.2 
279.6 
2803 

2473 
248.8 
218.6 
2603 

919.4 
918.4 
917.6 
8163 

1166.4 
1166.8 
1167.2 
11673 

661.7 
M03 
680.6 
6203 

8388 
8366 
6.408 
8388 

.1181 
.1164 
.1177 
4198 

863 
373 
883 
88.8 

61 
68 
68 
64 

282.1 
2B83 
2843 
286.7 

262.2 
2833 
264.7 
256.9 

816.7 
8143 
8133 
818.1 

11673 
11683 
1168.7 
1169.0 

6103 
601.7 
4023 
4843 

8.186 
8387 
7394 
7.166 

.1282 
.1244 
.1267 
.1288 

403 
413 
423 
483 

66 
66 

67 
68 

2863 
2884) 
280.1 
2903 

267.1 

2683 

2693 

260.6 
1 

812.2 
811.4 
810.6 
8083 

1169.4 
1169.7 
1170.1 
1170.4 

4763 
4673 
4603 
462.7 

7.624 
7.486 
7373 
7368 

.1318 
.1884 
.1367 
.1878 

443 
463 

463 
473 

68 
60 
61 
62 

291.4 
2823 
293.6 
2943 

261.7 
262.9 
264.0 
266.1 

9083 
806.2 
907.4 
906.7 

11703 
1171.1 
1171.4 
11713 

4463 

4883 
481.7 
4863 

7.186 
7.084 
6316 
6311 

.1401 
.1481 
.1446 
.1468 

48.8 
403 
603 
613 

68 

64 
66 
66 

286.7 
296.7 
297.7 
298.7 

266.1 
267.2 
2683 
2693 

906.9 
906.2 
904.4 
908.7 

1172.1 
1172.4 
1172.7 
1178.0 

4183 
412.6 
4063 
4003 

6.700 
6.610 
6316 
6.428 

.1481 
.1618 
.1636 
.1667 

623 
633 
643 

663 

67 
68 
60 
70 

290.7 
800.7 
801.7 
802.7 

2703 
2713 
272.3 
273.3 

9083 
902.3 
9013 
9003 

1173.3 
11733 
11733 
11743 

896.2 
389.8 
3843 
3793 

6.888 
6344 
6.160 
6.076 

.1678 
.1608 
.1624 
.1646 

663 
673 
683 
603 

n 

72 
73 
74 

803.6 
804.6 
8063 
806.4 

2743 
2763 
276.2 
277.2 

900.2 
8893 
8983 
898.1 

11743 
11743 
1176.1 
1176.4 

3743 
369.4 
864.6 
8603 

6.996 
6.917 
6.841 
6.767 

.1668 
.1690 
.1712 
.1734 

603 
613 
623 
633 

76 
76 
77 
78 

8073 
306.2 
800.1 
810.0 

278.1 
279.0 
2803 
2803 

8073 
8863 
8963 
8963 

1176,6 
11763 
1176.2 
11763 

8663 
861.1 
846.8 
8483 

6.694 
6.6M 
6366 
6w488 

.1766 
.1778 
.1800 
.1882 

643 
663 
663 
673 

79 
80 
81 
88 

8103 
3113 
312.6 
8133 

2813 
282.7 
283.6 
284.4 

8943 
894.3 
893.7 
693.1 

1176.7 
11773 
11773 
11773 

8383 
3343 
3303 
3263 

6.422 
6368 
6.286 
6.236 

.1844 
.1866 
.1888 
.1910 

683 
603 

83 
84 

3143 
316.1 

2863 
286.1 

892.4 
891.8 

11773 
1178.0 

323.1 
3193 

6.176 
6.118 

.1938 
.1964 

I 
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STEAM. 


PJftOPKJftXnM    OV    SAWlftAV 


Pounds  per 
Square  Inch. 


70.3 
71.3 
72.3 
73.3 

74.3 
75.3 
76.3 
77.3 

78.3 
79.3 
».3 
il.3 

i)2.3 
i».3 
\H.S 
(0.3 

m.3 

(18.3 
(9.3 

S0.3 
S'1.3 
92.3 
93.3 

S4.3 
95.3 
96.3 
97.3 

MJ3 

99.3 

1«0.3 

K1.3 

1*2.3 
1«3.3 
104.3 
105.3 

10S.3 
107.3 
103.3 
109.3 

110.3 
111.3 


a 


86 
86 
87 


90 
91 
92 

93 
94 
96 
96 

97 

98 

99 

100 

101 
102 
103 
104 

106 
106 
107 
108 

109 
110 
111 
112 

113 
114 
115 
116 

117 
118 
119 
120 

121 
122 
123 
124 

125 
126 


316.0 
316.8 
317.6 
318.4 

319.2 
320.0 
320.8 
321.6 

822.3 
323.1 
823.8 
824.6 

325.3 
326.1 
326.8 
327  JS 

828.2 
329.0 
329.7 
330.4 

831.1 
331.8 
332.4 
833.1 

333.8 
33iJi 
335.1 
335.8 

336.5 
337.1 
337.8 
338.4 

339.1 
339.7 
.)40.3 
340.9 

311.6 
342.2 
342.8 
343.4 

344.0 
344.6 


Heat  Units  in  one 
Pounds  abo7e  32^  F. 


287.0 
287.8 
288.7 
289.6 

290.3 
291.1 
291.9 
292.7 

293.5 
294.3 
295.1 
296.9 

296.6 
297.4 
296.1 
298.9 

299.6 
300.4 
301.1 
301.8 

302  J( 
303.3 
304.0 
304.7 

305.4 
306.1 
306.8 
307.4 

308.1 
308.8 
300.6 
310.1 

310.8 
311.4 
312.1 
312.7 

313.4 
314.0 
314.7 
315.3 

315.9 
316.6 


i& 


I 


881.2 
890.6 
890.1 
889.6 

888.9 
888.3 
887.8 
887.2 

886.6 
886.1 
885iS 
885.0 

89^J5 
883.9 
888.4 
882i) 

882.3 
881.8 
881.3 
880.8 

880.3 
879.8 
879.3 
878.8 

878.3 
8n.8 
877.3 
876.9 

876.4 
875.9 
875.4 
675.0 

874JS 
874.0 
873.6 
873.L 

8T2,7 
872.6 
871.8 
871.3 

870.9 
870.4 


II  o  ® 


<D 


178.3 
178JS 
178.8 
179.0 

179.3 
179.6 
179.8 
180.0 

180.2 
180.4 
180.7 
180.9 

181.1 

181.4 

181.6 

181.8 
I 

182.0 
182.2 
182.6 
182.7 

182.9 
183.1 
1833 
183.5 

183.7 
183.9 
184.1 
184.3 

184.5 
184.7 
184.9 
185.1 

186.3 
185.5 
185.7 
185.9 

186.1 
186.3 
186J» 
186.6 

186.8 
187.0 


Volume. 


Bela- 
tlTe 


Cu.  Ft. 

in  1  Cu. 

Ft.  of 

Water. 


Speeiflc 


Cu.  Ft. 
n  ILb. 

of 
Steam. 


816.9 
812JS 
309.1 
806.8 

802.6 
299.4 
296.8 


280.2 
287.8 
284.6 
281.7 

279X> 
276J> 
273.7 
271.1 

268.5 
206.0 
268.6 
261.2 

268.9 
256.6 
264.3 
252.1 

248.9 
247.8 
246.7 
243.6 

241.6 
239.6 
237.6 
236.7 

233.8 
231.9 
230.1 
228.3 

226.5 
224.7 
223.0 
221  Jl 

219.6 
218.0 


6.061 
6j006 
4J51 
4.8BB 

4.840 
4.796 
4.746 
4.697 

4.6B0 
4.608 
4i07 
4JU8 

4.469 
4.426 
4.384 
4.342 

4.308 
4.282 
4.223 
4.186 

4.147 
4.110 
4.074 
4.088 

4.006 

3iM9 
8.936 
3JKI2 

SJ9fO 
8.888 
8.806 

3.776 

3.746 
3.715 
8.685 
3.666 

8.628 
8.600 
3.572 
8JM6 

3.618 
3.488 


-isn 


.2107 


Ma 

.M65 

.M76 


.2519 
.2641 


.2890 
.28K 
J2713 


.2787 
.2778 


PROPERTIES  OF  SATURATED  STEAM. 


1409 


OV    SATURATBD    m'Wm AM.— Oohtinued. 


Pounds  per 
Square  Inch. 

k 

Heat  Units  in  one 
Pound  aboTe  32P  F. 

• 

Volume. 

Gauge 
Pressure. 

ll 

< 

^1 

« 

Rela- 
tive 

Cu.  Ft 
in  1  Ctt 
Ft.  of 
Water. 

Speciflo 

Cu.  Ft. 
InlLb. 

of 
StcaiTi. 

lt2J> 
113.3 
114.3 
116.3 

127 
128 
120 
130 

345.2 
345.8 
346.4 
347.0 

317.2 
317.8 
318.4 
319.0 

870.0 
860.6 
860.1 
86S.7 

1187.2 
1187.4 
1187.6 
1187.8 

816.4 

214.8 
213.2 
211.6 

8.466 
3.440 
3.416 
3.380 

.2886 
.2907 
.2928 

Jt&60 

116.8 
U7.3 
118.3 
110.3 

181 
182 
183 
134 

347.6 
348.2 
348.8 
340.3 

319.6 
320.2 
320.8 
321.4 

867.8 
867.4 
667.0 

1187.9 
1188.1 
1188.3 
1188.6 

210.1 
208.6 
207.1 
205.7 

3.366 
3.842 
3.318 
3.206 

.2871 
.2992 
.3014 
.8086 

120.3 
121.3 
122.3 
123.3 

136 
136 
137 
188 

348.9 
360JI 
351X) 
361.7 

322.0 
322.6 
323.2 
323.8 

806.6 
866.2 
866.7 
865  J) 

1188.6 
1188.8 
1189.0 
1188.1 

204.2 
202.8 
201.4 
200.0 

3.272 
3.240 
3.227 
3.204 

.8067 
.8078 
.3009 
.3121 

124.3 
126.8 
126U) 
127.8 

ISO 

140 
141 
142 

362.2 
362.7 
353.3 
353.8 

324.3 
324.9 
325.6 
326.1 

864.9 
864.6 
864.1 
863.7 

1188.3 
1180  J( 
1180.7 
1188.8 

198.7 
197.3 
196.0 
194.7 

3.182 
3.161 
3.140 
3.119 

U}143 
.8168 
.3185 
.8206 

128.3 
120.3 
130.3 
181.3 

143 
144 
146 
146 

364.4 
364.9 
3R5JS 
366.0 

326.8 
327.2 
327.8 
328.8 

863J> 
862.9 
{$62.5 
862.1 

1100.0 
1190.2 
1190.3 
1190.4 

198.4 
192.2 
190.9 
189.7 

3.000 
3^178 
3.058 
3.088 

.8240 
.8270 
.3291 

132.3 
138.3 
184U) 
136.3 

147 

148 
140 
160 

366JS 
367.1 
367.8 
358.1 

328.9 
329.4 
330.0 
330  JS 

861.7 
861.4 
861.0 
860.6 

1190.6 
1190.8 
1191.0 
1101.1 

188.6 
187.3 
186.1 
184.9 

3.019 
3.000 
2.981 
2.962 

.3818 
.8334 
.8866 

J»76 

136.8 
187.3 

180.8 

161 
162 
163 
164 

368.6 
350.2 
358.7 
360.2 

331.1 
331.6 
332.2 
382.7 

860.2 
858.8 
858.4 
858.1 

1101.3 
1191.4 
1191.6 
1191.8 

188.7 
182.6 
181 JS 
180.4 

2.943 
2.925 
2.908 
2.890 

.3896 

.3419 
.3438 
.3460 

140.8 
141J> 
142.3 
143.8 

186 
166 
167 
168 

360.7 
361.2 
361.7 
362.2 

333.2 
333.7 
334.3 
334.8 

858.7 
858.3 
857.0 
857.6 

1191.9 
1192.1 
1192.2 
1192.4 

179.2 
178.1 
177.0 
176.0 

2.870 
2.853 
2.835 
2.819 

.3505 
.3526 
.3647 

144.3 
145.8 
146.8 
147.3 

160 
160 
161 
162 

362.7 
363.2 
,363.7 
364.2 

335.3 
335.8 
336.3 
336.9 

857.2 
856.8 
866.5 
856.1 

1192.5 
1192.7 
1192.8 
1193.0 

174.0 
173.0 
172.9 

in.9 

2.802 
2.786 
2.770 
2.764 

.3668 
JH>88 
.3610 
.3681 

14B.8 
140.3 
160.3 
151.3 

163 
164 
165 
166 

364.7 
365.2 
365.7 
366.2 

337.4 
337.9 
338.4 
338.9 

855.7 
855.4 
8n5.0 
854.7 

1193.1 
1193.3 
1193.6 
1193.6 

m.o 

170.0 
160.0 
168.1 

2.788 
2.723 
2.707 
2.693 

JW60 
.3672 

.3714 

10241 
168.8 

167 
168 

366.7 
367.1 

330.4 
339.9 

864.3 
853.8 

1193.7 
1193.9 

167.1 
166.2 

2.6T7 
2.662 

J786 
.3766 

( 


IPMO 

PHMSIBS     •W     •A.TVRATBD    CTBAM - 

aminit 

5rft!s. 

J 

HMtUDlUtnOoe 
Faund  kbore  Sia  F. 

Volume. 

1 

.! 

^ 

P 

.4 

III 

Ball' 

apocUfl 

f 

Ct..*t 
InlCa 
Fl.ol 
WkUr 

2T5 

of 

IM.3 

SI 

1« 

m 

aeT.8 

98S.1 

Ms.e 

3«.l 

9W.4 

»s.« 

8S8.3 
§SB.S 
8934 

1IH.0 

iim's 

11944 

1H.S 

ISi 

E 

s 

li 

37DA 

M2.4 
343.8 
3434 
BI3.8 

ssiis 

1194.8 
119t.S 
11SB.0 

1G94 
1084 

3480 
2448 

4K8 

is; 

1T» 

sti!b 

3TM 

314^ 
3444 

au4 

eE04 
84S4 

luie.i 

1«64 
lllGJt 
I1SB4 

UB.S 

3418 
2.493 

4M1 

Iffl 

373,T 
374ls 

34flJ 
846.7 

6484 

nSB.7 
IIHJ 

iiM.a 

I1M.3 

134.8 

133.3 
U3.4 

i.4n 

^ 

I70J 
I7« 

1» 
IM 

37SJI 
3TSA 
SKA 

3TM 

348^ 
34S.0 
34>.e 

S1B.1 

MTJt 
W7JI 

IIM4 

iitM.a 

Il»«.7 

ui.e 

149.3 

Mie 

3.403 

.4118 
.«H0 

.tin 

17DJ 

lie 

378:i 

»»3 
3604 

3434 

He.5 

343.3 
840.9 

n««4 

llST.l 
IW7.J 

148X 

n 

3444 

.on 

Ill 

IW 

STSJS 

379.4 
ST8.B 

3S3.1 

SIS  .3 

846,0 

11974 

1197.B 

MB.8 
1434 

2431 
X4U 

1 

1»^ 

IW 

3B34 

3m!4 

3M.8 

3444 

S*3.*4 

119T.9 
11984 

142.1 
141.4 

3^78 
2.988 

:4898 

302 

381.9 
38S.1 
38Z.S 

3BB4 

3M.« 

84a!8 

St2£ 

1198.4 

1IS84 
1198.7 
1IB84 

1394 

U8.1 

3.9M 

.44BS 

j4«I 

.400 

iSI 

aw 

S83.< 

|3 

si 

11 

II9H.B 
1199.0 

137  Jt 
ISftiT 

2.903 
9.198 

2.174 

^ 

aj 

S8G.2 

M5.8 

3M,7 

ase.i 

S40.T 
840.4 

11W4 

isn.i 

1344 

2.1M 
2JB4 

IS 

PROPERTIES  OF  SATURATED  STEAM. 
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PlftOPBJftXIBA  OV  AAVUltATSI^  mmmAM  —  Continued, 

Poauds  per 
Square  Inoh. 

Heat  Units  in  One 
Pound  abore  82"  F. 

Volume. 

• 

9 

O 

1' 

^1 

|l§l 

Belar 
tiye 

Speoiflo 

Cu.  Ft. 

Inl  Cu. 

Ft.  of 

Water. 

Cu.  Ft. 
inl 
Lb.  of 
Steam. 

^1 

^5n 

196.3 
197.3 
196.3 
199.3 

211 
212 
218 
214 

386.1 
386JS 
8860) 
387  Jt 

369.6 
860.0 
360.4 
360.9 

840.1 
839.8 
839.6 
838.2 

1199.7 
1199.8 
1199.9 
1200.1 

133.9 
133.3 
132.8 
132.2 

2.146 
2.135 
2.126 
2.117 

.4684 
.4706 
.4726 

200.3 
201.3 
2Q2i) 
208JI 

210 
216 
217 
218 

887.7 
888.1 
888J> 

861.3 
861.7 
862.1 
8634S 

838.9 
838.6 
838.3 
838.0 

1200.2 
1200.3 
13004 
1200JS 

131.6 
131.0 
130.4 
129.9 

2.106 
2.006 
2.069 
2.060 

.4747 
4768 
.4789 
.4810 

204.3 
206.3 
206.3 
207.8 

219 
220 
221 
228 

889.8 
889.6 
890.1 
890JS 

802.9 
863.8 
863.7 
864.1 

837.8 
887.6 
837.3 
837/) 

1200.7 
1200.8 
1201.0 
1201.1 

129.3 
128.7 
128.1 
127.6 

2.070 
2L061 
2.062 
2.048 

.4881 

.4862 
4878 
.4894 

206J} 
2093 
210.3 
211.3 

223 

224 
226 
226 

890.8 
891.2 
891.6 
892.0 

864.6 
864.9 
886.8 
366.8 

836.7 
836.4 
836.1 
836.8 

1201.2 
1201.3 
1201.4 
1201.6 

127.0 
196JS 
126U) 
126.4 

2.036 
2.027 
2.018 
2.010 

4916 
.4936 
.4956 
4977 

212.3 
213;) 
214.3 
216.3 

227 
228 
229 
230 

893.4 
882.8 
883.2 
898.6 

866.1 

866.9 
867.8 

836.6 
836.3 
836.0 
884.7 

1201.7 
1201.8 
1201.9 
1202.0 

124.9 
124.4 
123.9 
123.8 

2.003 
1.993 
1.984 
1.976 

4vOd 
JS019 
.6040 
JS661 

216.3 
217.3 
218.3 
219.3 

281 
231 
233 
234 

888.9 
394  J) 
394.7 
886J 

367.7 
368.1 
368.6 
368.9 

834.4 
834.1 
833.9 
833.6 

1202.1 
1202.2 
1202.4 
1202JS 

122.9 
122.4 
121.9 
121.4 

1.968 
1.960 
1.962 
1.944 

.6082 

4S10B 
.6124 
.6146 

220.3 
221.3 
222.3 
223.8 

236 
236 
237 
238 

3064S 

396.9 
396J) 
386.6 

36R.2 
869.6 
370. 
870.4 

833.4 
833.1 
832.8 
832.6 

1202.6 
1202.7 
1202.8 
1202.9 

120.9 
120.4 
119.9 
119.4 

1.936 
1.928 
1.921 
1.913 

.6166 

.6207 
JS228 

294.3 
226.3 
226.3 
227.3 

239 
340 
241 
942 

397.0 
807.4 
397.8 
306.1 

870.8 
371.1 
371  J> 
371.9 

832.2 
832.0 
831.7 
831.4 

1203.0 
1203.1 
1203.2 
1203.3 

119.0 
118.6 
118.0 
117Ji 

1.906 
1.898 
1.891 
1.884 

.6210 
JS270 
.6291 
.6812 

228.8 
229.3 
230.8 
281.8 

948 
244 
246 
346 

896J( 
896.9 
899.2 
889.6 

872J 
372.7 
873.1 
873.4 

831.1 
830.8 
830.6 
830.4 

1203.4 
1203Ji 
1203.7 
1203.8 

117.1 
116.7 
116.2 
116.7 

1.867 
1.868 
1.861 
1.863 

J(882 
JSSBA 
.6374 
.6896 

232.3 
238.3 
234.3 
236.3 

247 
248 
248 
250 

400X) 
40041 
400.7 
401.1 

873.8 
374.2 
874.6 
876.0 

830.1 
829.8 
829.5 
829.2 

1203.9 
1204.0 
1204.1 
1204.2 

116.3 
114.9 
114.4 
114.0 

1.846 
1.839 
1.832 
1.826 

.6416 
.6486 
JMSl 

238.3 
241.8 

258 
256 

402.1 
408.1 

876.0 
377.0 

828.6 
827.9 

1204  J^ 
1204.9 

112.7 
111.4 

1.806 
1.786 

JHMO 
.6608 
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P]ft01»E]tTKSft  OV  SATVlftATnD  WnAK  — 


Ponndsper 
Square  Inoh. 

O    J 

n 

Heat  Units  in  One 
Pound  above  32°  F. 

Volume. 

• 

^1 

< 

111! 

7i 

I&ela- 
tive. 

Specific 

-2 

MOB 

^1 

5"* 

Cu.  Ft. 

inlCu. 

Ft.  of 

Water. 

Ga.  Ft. 
Inll^b. 

of 
Steam. 

Ml 

344.3 
247.3 
260.3 
263.3 

280 
262 
266 
968 

404.2 
406.2 
406.1 
407.2 

878.1 
379.2 
380.2 
861.2 

827.1 
826.3 
826.6 
824J» 

1206.2 

1206.5 

1205.8 

*1206.1 

110.3 
100.2 
107.8 
106.7 

1.766 
1.746 
1.728 
1.709 

3737 
.5781 
38B 

266.3 

282U) 
266JI 

271 

274 
277 
280 

406.1 
400.1 
410.0 
411.1 

882.3 
383.3 
884.3 
386.3 

824.1 
823.4 
822.7 
822j0 

1206.4 
1206.7 
1207.0 
1287.3 

105.6 
104i^ 
103.4 
102J) 

1.691 
1.673 
1.666 
1.639 

3B14 

988.8 
271.8 
374.3 
277.3 

288 
286 
288 
282 

412.1 
418.0 
414.0 
416.0 

386.3 
387.3 
388.3 
889.2 

821.3 
820.6 
819.9 
819.8 

1207.6 
1207.9 
1206.2 
120RUS 

101.3 
1003 
90.3 
9836 

1.621 
1.606 
1391 
1375 

•6B8S 
3H0 

280.3 
283.3 
286.3 
290.3 

286 
208 
300 
806 

415.9 
416.9 
417.4 
418.9 

390.2 
391.1 
891.9 
d94JS 

818.6 
818.0 
817.4 
815.2 

1206.8 
1209.1 
1209.3 
1200.7 

97.42 
96.47 
96.8 
9437 

1360 
134S 
1385 
L610 

J6I1S 

3515 
3618 

296UI 
800.3 
806.3 
810.8 

810 
316 
820 
826 

420J> 
431.9 
423.4 
424.8 

886.0 
897.6 
889.1 
400.6 

814.2 
813.0 
812.0 
810.9 

1210.2 
1210.6 
1211.1 
1211.5 

92J92 
91.62 
90.16 
8834 

lw488 
1.465 
1.443 
1.422 

3731 
3831 
390 

8tSU} 
820.3 
826.3 
880.8 

880 
836 

840 
846 

428.8 
«7.7 
428.1 
480.5 

403.1 
408.6 
404.8 
406.1 

809.8 
806.8 
808.1 
807.2 

1211.9 
1212^ 
1212.9 
1213.8 

8736 
8631 
85.10 
88.92 

1.401 
1382 
1394 
1.348 

.7198 
.7231 
.7339 
.7448 

886.3 
386.3 
435.3 
485.3 

880 
400 
460 
600 

4S\M 
444.9 
466.6 
467.4 

407.3 
420.8 
433.2 
444JS 

806.4 
796.9 
788.1 
780.0 

1213.7 
1217.7 
1221.3 
12340$ 

82.71 
723 
65.1 
683 

1395 

1.167 

1.042 

342 

.7516 

30K 
13617 

636.3 
685.3 
636.8 
6R6.3 

660 
600 

660 
700 

477.5 
486.9 
406.7 
6011 

466.1 
466.2 
474.6 
488.4 

172Ji 
766.3 
758.6 
762.3 

1227.6 
1280.6 
1233.2 
1285.7 

63.6 
483 
45.6 
42.4 

369 
.790 
.781 
.680 

1.16SB 
1.309 
13639 

uum 

735.3 
IBSS 
885.8 
886JI 

TOO 
800 
860 
900 

512.1 
519.6 
626.8 
533.7 

491.9 
4B9.9 
607.7 
515U> 

746.1 
740.4 
734.8 
729.7 

1238.0 
1240JI 
12430S 
1344.7 

893 
87.1 
843 
833 

.686 
397 
368 
382' 

13791 

ij8m 
vnm 
i3n9 

965.3 
966.8 

060 
1000 

640.3 
646.8 

8233 
629.3 

723.4 
719.4 

1346.7 

1318,7 

81.4 
80.0 

306 

.480 

13808 

SUPERHEATED  STEAM. 
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SVPMliHMATMD    ATB AM • 

I>r7  saturated  steam,  after  being  heated  to  a  higher  temperatore  than  that 
oorresponding  to  its  pressure,  is  called  superheated  steam. 

The  beharior  of  superheated  steam  is  similar  to  that  of  gases ;  It  is  a  bad 
oonductor  of  heat,  and  can  lose  some  of  its  heat  without  becomiaig  saturated 
or  wet  steam. 

Superheated  steam  has  a  greater  volume  per  unit  of  weight  than  saturated 
•team  at  the  same  pressure. 


Fressiuw,  Pounds. 

70 

116 

170 

Vol.*  at  WP  P 

1.1 

1.83 

1.57 

1.06 
1.29 
1J2 

1.08"Lenke" 

Vol.   at  670°  F 

Vol.   at  750°  P 

1.46 

Saturated  steam  in  engines  condenses  during  admission  to  20%  to  26%  of 
the  quantity  admitted,  oauging  a  large  part  of  tne  low  theoretical  efficiency 
when  it  is  used. 

Superheated  steam  does  not  condense  during  this  period  if  sufficiently 
superheated.  000°  to  700°  P.  Is  the  teinperature  to  wmch  steam  should  be 
superheated  to  get  its  fullest  benefit.  Engines  must  be  built  to  stand  this 
high  temperature,  or  its  use  should  not  be  attempted. 

For  piping  to  convey  superheated  steam,  copper  is  not  suitable,  as  it  loses 
about  40%  ot  its  strength  at  the  high  temperature. 

Wrought  iron  and  steel  with  long  lengths,  and  few  flange  Joints,  have 
proved  to  be  the  best. 

The  expansion  at  100°  P.  is  about  4|  inches  in  100  ft.,  and  must  be  taken 
care  of  in  the  design  of  steam  lines. 

Superheated  steam  can  travel  at  80  to  40%  higher  velocity  through  steam 
ports  than  saturated  steam. 

IiSbrlcatiOB  of  BBglmea  Vslar  Superheated  Steaas. 

A  120 1.H.P.  Engine  uses  4  lbs.  of  oil  per  24  hours  for  lubrication. 
A  800 1.H  J*.  Corliss  Gomp.  Engine  uses  2.2  lbs.  of  oil  per  10  hours,  both 
eyllnders. 


Superheating  is  accomplished  by  passing  the  steam,  immediately  before 
use,  through  a  series  of  pipes  plaoea  in  the  path  of  tne  furnace  gases,  or 
placed  over  a  furnace  of  tneir  own,  where  the  steam  can  be  given  the  higher 
temperature. 

The  manufacture  of  separate  superheaters  in  the  United  States  is  at  pres- 
ent very  limited,  but  abroad  many  types  are  in  use,  and  are  described  in 
I>awson*s  Pocket  Book. 

■coaaasj    of    IMffereat    l>v«a    of  Steaas    Saglaea    17aia|r 


(W.  W.  Christie,  in  Bailnxtd  Ocuette,  March,  1908.) 

The  various  results  given  herewith  should  not  be  compared  with  each  other 
on  the  basis  of  water  per  horse-power  per  hour,  as  pressures  and  other  con- 
dittons  are  different,  but  the  economy  arising  from  the  use  of  superheated 
steam  over  the  use  of  saturated  steam  in  the  same  engine  can  properly  be 
compared  by  one  percentage  diagram. 

The  foUowiuff  tests  (ATs.  mTe.,  Vol.  zxi,  p.  788)  were  made  by  Mr.  E.  H. 
Poster,  on  a  worthington  duplex  direct  acting  triple  expansion  pumphig 
engine,  having  six  cylinders  arranged  in  tandems  of  three  on  each  side.  TThe 
engine  was  fitted  with  the  Schwoerer  patented  superheater. 

•  Compared  with  saturated  steam. 
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Tett  No 

1. 

2. 

8. 

4. 

5, 

I.H.P 

106.8 

0. 

21.8 

106.8 

0. 

21.2 

108. 
118.6 
18.9 

lOS. 
!22J( 
1&5 

tffil 

Superheat,  deg.  F 

Steam  per  pamp  U.P.  per  hr.,  Ibe. 

117.1 
lU 

The  averaffe  economy  as  shown  by  the  above  teeUi  in  using  strain 
heated  119.6°  F.  is  14.1  per  cent  over  that  of  saturated  steam. 

Perry,  in  the  *'  Steam  Engine,"  gives  the  results  of  several  testa  cm  a  Cor- 
liss compound  engine  with  steam  jacketed  cylinders  when  dev^oping  abam 
600  H J*.  With  saturated  steam  at  96  lbs.  pressure  the  steam  conanrnpoan 
was  19.8  lbs.  per  indicated  horse-power  per  hour,  but  when  the  ateaa  t» 
superheated  118°  F.  the  steam  consumption  dropped  to  16.6  lbs.,  a  gsU  fli 
20.8  per  cent.  Other  tests  on  a  single  expansion  engine  equipped  with  t 
Schmidt  superheater  gave,  when  using  saturated  steam,  an  economy  of  a 
lbs.  per  I.H.P.  per  hour.  When  using  steam  with  300P  superheat  the  stasa 
oonsumption  was  17  lbs.,  showing  66.3  per  cent  increase  in  favor  of  the  lat- 
ter method. 

In  a  paper  read  before  the  Society  of  Qerman  Engineers  in  1900,  O&bb 
Hunger  reported  a  test  of  a  vertical  cross  compound  pumping  eiiglne  vtt 
S3.6  in.  and  37.4  in.  z  31.6  in.  cylinders  and  running  at  40  r.p.m.  At  79  lbs. 
pressure  the  steam  consumption  was  20 JS  lbs.  with  saturated  steam.  Wiffc 
steam  superheated  IdOJP  and  a  pressure  of  160  lbs.,  the  steam  consumptiflB 
became  12.9  lbs.,  or  a  gidn  of  30.7  per  cent  over  saturated  steam  at  the  low 
pressure. 

Again,  tests  of  a  3,000  HJ?.  vertical  triple  expansion  engine  at  the  Berlii 
electric  light  works  (Engineering  JUcordt  vol.  xlil,  p.  346)  snow  that  a  nis  o( 
12Ji,  17.9  and  18.7  per  cent  results  from  superheating  the  steam  181,  S6  sad 
264°  F.  respectively. 

Other  tests  in  Bavaria,  with  a  Sulzer  compound  engine  (Enpineering  Sem^ 
vol.  xli,  p.  213),  give  a  gain  of  16  per  cent  with  steam  superheated  114^.  Ml 
per  cent  when  superheated  121°,  and  26.9  per  cent  when  superheated  173^  F. 


UO  MO  S60 

'JPERHiAT  IN  STEAM-DSOREES  FAHa 

ROw  12. 

Bconoasj  of  Anperhesited  Mmibs. 

The  aoeompanyinffdisfram*  has  been  obtained  from  the ahore 
plotting  the  aeffrees  F.  orsuperheat  as  abscisse  and  the  per  cent  of 
as  ordinates.  Inspection  of  this  diagram  shows  that  the  gresvteat 
results  in  the  use  of  superheated  steam  in  simple  engine,  as  might  fee 
pected.  On  the  other  hand,  marked  economies  are  shown  for  cosapomd 
triple  expansion  engines,  but  the  percentage  of  gain  decreases  mm  the  ■ 
ber  of  expansions  increases. 

*  W.  W.  OhrlstlA. 


CONDENSATION  IN  STEAM-PIPES, 


ooici»»caA.TEoi«  in  stbam-i 


<U)11  Iba.  [Mr  : 

' 'orB  of  I 

ID  (ha  follai 


<U  iMing  <oapkr«d  wit 
«  per  degree  Fiibr.,dl 


lac*. 

Lta.ofTTator. 

n 

1 

T*.(  bj. 

S„" 

§ 

CorarlSg. 

Bedla  A  Biaar. 

AXX 

urn 

3.74 

.1)1^ 

A,b»U,. 

Norm. 

3SM 

Kao 

2.40 

334 

.ow. 

BrilL 

MS 

.my. 

Mognoaim  iect'1. 

HortoB. 

SIS 

.")25 

Magnals. 

Ttw  lu»  tMt  br  C.  t..  KoTlon  (Tnuu.  A.  a  U.  E.,  1886)  VM  made  with  the 
■tmoat  ura.  Hr.  Norton  foand  that  a  pipe  twied  In  with  ahareoal  1  Inob 
mlQimum  thlokam  wu  20  par  cent  better  Ingalatod  than  wh«D  magDeila 
waa  med,  corroborHtlog  Mr.  Relnhorl'a  ataleinauta  aonaemlDg  hla  eiperl- 

3S  Belter!  lie 


aoEiiiai  tiesldea  working  the  ai 
mTLILP.    When  at  anehor.  oi 

from  » lb.  to  10  lbs.    "    ' 

JoM  able  to  work  o 
with  one  teed  pamr 
asilUarj  qouJen 


bHttleihIp  "Bhlklihlma"  oarrie 

■  [esm  ol  deTeloplng  IG^OOO  IJI. 

illlarlM,  each  boiler  auppl 


ilr  kud  eircnlatlng  paiapi  conoecteJ  w^h  Ih 


iarj  oouJenMr,    Into    shicb   the  dnumo  engine  ei 

Idv  a  flra  and  bilge  pump  o<:ciulona]W. 

I  Sjatma  ww  about  leO  rt.  of  pipe  length  awar  titn 


ected  being  M_ 

lice  with  onl;  one  boiler  ander  Jteam, 
ons  per  day  of  18  hours,  for  about  61 


arerage  of  ft  Iba.  and  over,  which 
hare  Men  expended  In  keeping  I 


well  ooTered  and    belt 
(bondon-Engr.) 


HeaMu:  PlHa.  —  Todatennlne  the  boiler  H.P, nee 
It  may  be  aunmeS  that  each  (q.  ft.  of  radiating  lurface  < 
OJ  lb*,  of  it«am  per  hoar  aa  ft  mailmtun  whenln  aetlTe  ■ 


with  the  feed-w 


aation,  whkb 
o  oil  mar  he  n 
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0DTF1.0W 


OF 

nxo 


FAOM 
VAltKOU» 

(D.  K.  Clark.) 


Al«oli]te 

Outside 

Velocity  of 

Actual  Ve- 

Weight l>h. 

Predfiure  in 

Pressure 

Ratio  of 

Outflow  at 

locity  of 
Outflow 

charged  DerSq. 
In.  of  Orifiee 

Boiler  per 

per  Sq. 

Expansion. 

Constant 

Sq.  Inch. 

Incli. 

Density. 

Expanded. 

per  Minute. 

Lbs. 

Lbs. 

Ratio. 

Ft.  per  Sec. 

Ft.  per  Sec. 

Lbs. 

76 

74 

1.012 

227.6 

230 

16.88 

76 

72 

1.037 

386.7 

401 

28iB 

76 

70 

1.063 

490 

621 

35S3 

75 

65 

1.136 

660 

749 

48.38 

76 

61.62 

1.198 

736 

876 

63.97 

76 

60 

1.219 

766 

933 

66.13 

76 

60 

1.434 

873 

1262 

64. 

76 

46 

1.676 

890 

1401 

G6.M 

76 

43.46,  58  % 

1.624 

890.6 

1446J» 

65.3 

76 

16 

1.624 

890.6 

1446.5 

66.3 

76 

0 

1.624 

890.6 

1446.5 

65.3 

When,  however,  steam  of  varying  initial  pressure  is  dischaxged  into  ths 
atmosphere  — pressures  of  which  the  atmospheric  pressure  is  not  more 
than  68  per  cent  — the  velocity  of  outflow  at  constant  density,  that  is,  sup- 
posing the  initial  density  to  be  maintained,  is  given  by  the  formula — 

r=  3.6963  y  A, 
where  Fr=  the  velocity  of  outflow  in  feet  per  minute,  as  for  steam  of  the 
initial  density,    h  =  the  height  in  feet  of  a  oolunm  of  steam  of  the  givea 
absolute  initial  pressure  of  uniform  density,  the  weight  of  which  la  equal  to 
tiiepressure  on  the  unit  of  base. 
The  following  table  is  calculated  from  this  formula : 

017VFi:.0W  OF   STBAH    KMXO    THB 

(D.  K.  Clark.) 


Absolute 

Initial 

Outside 

Batioof 

Velocity  of 

Actua4  Ve- 

Weight  Dto- 

Pressure  in 

Pressure 

Expansion 

Outflow  at 

looltv  of 
Outflow, 

oharged  per 

Boiler  in 

in  Lbs.  per 
Sq.  Inch. 

in 

Constant 

Sq.  Inch  of 
Orifice  per  Min. 

Lbs.  per 

Noxzle. 

Density. 

Expanded. 

Sq.  Inch. 

Lbfl. 

Lbs. 

Ratio. 

Ft.  per  Sec. 

Ft.  per  Sec. 

Lbs. 

25.37 

14.7 

1.624 

863 

1401 

22.81 

30 

14.7 

1.624 

867 

1406 

26^ 

40 

14.7 

1.624 

874 

1419 

35.18 

45 

14.7 

1.624 

877 

1424 

39.78 

60 

14.7 

1.624 

880 

1429 

44.06 

60 

14.7 

1.624 

886 

1437 

C2JB 

70 

14.7 

1.624 

889 

1444 

61.07 

76 

14.7 

1.624 

891 

1447 

66.90 

90 

14.7 

1.624 

896 

1464 

77.94 

100 

14.7 

1.624 

898 

1469 

86^ 

116 

14.7 

1.624 

902 

1466 

98.76 

135 

14.7 

1.624 

906 

1472 

116J61 

165 

14.7 

1.624 

910 

1478 

132.31 

166 

14.7 

1.624 

912 

1481 

140.46 

216 

14.7 

1.624 

919 

1493 

181.58 

STEAM   PIPES. 
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Bankine  sayi  the  velocity  of  steam  flow  in  pipe*  should  not  exceed  6000 
feet  per  minate  (100  feet  per  second).  As  increased  size  of  pipe  means  in- 
oreased  loss  by  radiation,  care  shonld  be  taken  that  in  order  to  deereafio  the 
Telocity  of  flow,  the  losses  by  radiation  do  not  become  considerable. 

The  quantity  discharged  per  minate  may  be  approximately  found  by 
Bankine's  formula  (**  Steam  Engine,*'  p.  298),  ^  =  60  ap  -f  70  =  6  op  ~-  7,  in 
which  W:=  weight  In  pounds,  a  =  area  of  oriflce  in  square  inches,  and  o  = 
absolute  pressure.    The  results  must  be  multiplied  by  k=.  0.93  for  a  short 
and  by  1;  =  0.63  for  their  openings  as  in  a  safety  valve, 
lere  steam  flows  Into  a  pressure  greater  than  two-thirds  the  pressure  In 

the  boiler,  FT  =  1.9 aJrV(p— d)  rf,  in  which  d  =  difference  in  pressure  in 
pounds  per  square  inch  oetween  the  two  sides,  and  a,  p.  and  «  as  above. 
Moltiply  the  results  by  2  to  reduce  to  h.p.  To  determine  the  necessary  dif- 
ference in  pressure  where  a  given  h.p.  is  required  to  flow  through  a  given 
opening, 


"^'^t; 


2        T   4       14  a«jfc 


a*k 

Wlmw  •€  Steam  Throvgrb  Pipes. 

(G.  H.  Babcock  in  **  Steam.") 

The  approximate  weight  of  any  fluid  which  will  flow  in  a  minute  through 
any  given  pipe  with  a  given  head  or  pressure  may  be  found  by  the  formula 

d  =  diameter  in  inches,  D  =  density  or 


FF=87t/ 


in  which  FTrr  weight  in  pounds 


weight  per  cubic  foot.  p.  =  Initial  pressure,  i^i  =  pressure  at  the  end  of  the 
pipe,  and  L  =:  length  inreet. 


he  following  table  gives,  approximately,  the  weight  of  steam  per  minute 
which  will  flow  from  various  initial  pressures,  with  one  pound  loss  of  pree- 
sure  through  straight  smooth  pipes,  each  having  a  length  of  240  times  Its 
own  diameter.  For  sizes  below  6  inches,  the  flow  is  calculated  from  the 
actual  areas  of  **  standard  "  pipe  of  such  nominal  diameters. 

For  h.p.  multiply  the  figures  in  the  table  bv  two.  For  any  other  loss  of 
pressure,  multiply  by  the  square  root  of  tne  given  loss.  For  any  other 
lensth  of  pipe,  divide  210  by  the  given  length  expressed  in  diameters,  and 
multiply  tne  fleures  In  the  table  by  the  square  root  of  this  quotient,  which 
will  give  the  now  for  1  pound  loss  of  pressure.    Conversely  dividing  the 

gven  length  by  240  will  give  the  loss  of  pressure  for  the  flow  given  m  the 
ble. 

T»bl«  of  Flew  of  Steam  Tiireiiffk  Pipee. 


Initial  Pres- 

Diameter of  Pipe  in  Inches.    Length  of  each  =  240  Diameters. 

sure  by 
Gauge. 

1 

1        u 

2 

2i 

3 

4 

Lbs.  per  Sq. 

Inch. 

Weight  of  Steam  per  Mil 

a.  in  Lbe 

1.,  with  1 1 

ih.  Loss  of 

Pressure. 

• 

1 

1.16 

2.07 

6.7 

10.27 

15.46 

25.38 

46.85 

10 

1.44 

2JJ7 

7.1 

12.72 

19.16 

31.45 

58.05 

20 

1.70 

3.02 

8.3 

14.94 

22.49 

3o.94 

•  68.20 

80 

1.91 

3.40 

9.4 

16.84 

25.35 

41.63 

76.84 

40 

2.10 

3.74 

10.3 

18.51 

27.87 

46.77 

84.49 

60 

2.27 

4.04 

11.2 

20.01 

80.13 

49.48 

91.34 

60 

2.43 

4.32 

11.9 

21.38 

32.19 

62.87 

97.60 

70 

2.57 

4.58 

12.6 

22.65 

34.10 

56.00 

103.37 

80 

2.71 

4.82 

13.3 

23.82 

35.87 

68.91 

108.74 

90 

2.83 

5.04 

13.9 

24.92 

37.62 

61.62 

113.74 

100 

2.96 

6.25 

14.6 

2r*M 

39.07 

64.18 

118.47 

120 

3.16 

5.63 

15Ji 

27.85 

41.93 

68.87 

127.12 

IfiO 

.^4r. 

6.14 

17.0 

3i}.:n 

45.72 

75.00 

138.61 
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Table  of  Flow  of  Steaat  Throuclt  Plp«».— OmfiiMied. 


Initial  Pres- 

Diameter of  Pipe  in  Incbes.    Lengtb  of  £ach=  240  DUmelani 

sure  by 
Gauge. 

5 

6 

8 

10 

12 

16 

18 

Lbs.  per  Sq. 

Incb. 

Weigbt  of  Steam  per  Min.  in  Lbs.,  witb  1  Lb.  Loes  of 

Presnff^ 

1 

77.S 

115.9 

211.4 

341.1 

602.4 

804 

1177 

10 

96.8 

143.6 

262.0 

422.7 

628.5 

996 

1466 

20 

112.6 

168.7 

807.8 

496.5 

731.8 

1170 

1713 

90 

126.9 

190.1 

346.8 

666  JS 

824.1 

1318 

1»0 

40 

130.6 

209.0 

381.3 

616.8 

906.0 

1460 

21S3 

90 

160.8 

226.0 

412.2 

666U) 

979.5 

1567 

2291 

00 

161.1 

241 J5 

440.5 

710.6 

1046.7 

1675 

9461 

70 

170.7 

255.8 

466J5 

752.7 

1108  JS 

1774 

2BK 

80 

179.6 

209.0 

490.7 

791.7 

1166.1 

1868 

2731 

90 

187.8 

281.4 

513.3 

828.1 

1219.8 

1951 

28E6 

100 

196.6 

296.1 

534.6 

862.6 

1270.1 

2082 

2976 

120 

200.9 

314.6 

573.7 

925.6 

1863.3 

2181 

319S 

100 

228.8 

S43i) 

625  JS 

1009.2 

liSAJi 

2378 

3481 

Tbe  loss  of  head  due  to  getting  up  the  velooity,  to  the  friction  of  the 
steam  entering  the  pipe  and  passing  elbows  and  valves,  will  redoee  the 
flow  given  in  the  table.  The  resistance  at  the  opening  and  that  u  s 
globe  valve  are  each  about  the  same  as  that  for  a  length  of  pipe  equal  to 

114  diameters  divided  by  a  number  represent  by  1+  ^*  For  the  alassof 

pipes  given  in  the  table  these  corresponding  lengths  are : 


»|  26  I  34  I  41     3 


U       3 
4?     62 

4 
60 

5 
66 

6 

71 

8 
79 

10 
84 

12 

88 

16 
93 

u 


The  resistance  at  an  elbow  is  equal  to  }  that  of  a  globe  valre. 
equivalents  —  for  opening,  fur  elbows,  and  for  valves  —  must  be  added  is 
eaoh  instance  to  the  actual  length  of  pipe.  Thus  a  4-inch  pipe,  120  diaow- 
ters  (40  feet)  long,  with  a  globe  valve  and  three  elbows,  would  be  equivalent 
to  120  4- 60  +  60  4- (3  X  40)  =  360  diameters  long:  and  360-^240=1^.  It 
would  therefore  j^ave  H  lbs.  loss  of  pressure  at  the  flow  given  in  the  tablo. 

or  deliver  (1  -s-  Vi|  =  ^i8),  814  per  cent  of  the  steam  with  the  same  (1  Ih^ 
loss  of  pressure. 

BqnatloB  of  Pipes  (Ateiam). 

It  is  frequently  desirable  to  know  what  number  of  one  slse  of  pipes  wfll 
equal  in  capacity  another  given  pipe  for  delivery  of  steam  or  water.  At 
the  same  velocity  of  flow  two  pipes  deliver  as  the  squares  of  their  Intenisl 
dlimeters,  but  the  same  head  will  not  produce  the  same  velocity  in  pipes  cf 
diiferent  sixes  or  lengths,  the  difference  being  usually  stated  to  vary  as  ths 
sc^uare  root  of  the  fifth  power  of  the  diameter.  The  friction  of  a  flaM 
within  itself  is  very  slight,  and  therefore  the  main  resistance  to  flow  is  the 
friction  upon  the  sides  of  the  conduit.  This  extends  to  a  limited  distance, 
and  is,  of  course,  greater  in  proportion  to  the  contents  of  a  small  pipe  thaa 
^t,^}^9^'    ^}  ™*f  ^  approximated  in  a  given  pipe  by  a  constant  multl- 

{jlied  by  the  diameter,  or  the  ratio  of  flow  found  by  dividing  some  power  of 
he  diameter  by  the  diameter  increased  by  a  constant.  Careful  oorapari- 
sons  of  a  large  number  of  experiments,  by  different  investigators,  has  ds> 
reloped  the  following  as  a  close  approximation  to  the  relative  flow  InplpflS 
of  dilSsrent  sixes  under  similar  conoitions : 

Wv>  ■ 

V  d  +  3.6 
W  being    the  weight  of  fluid  delivered  in  a  given  time,  and  d  beh«  the 
internal  diameter  in  inches. 


BTEAU    PIPES.  14 

The  dlkmatan  of  <*  itaniUrd  "  ■l«ui  knd  g*s  pips,  hawsTer,  *kt7  from 

.__.  ^. i«r«,  Bud  In  kppljlng  thli  lulelttsneeMauy  to  Uk«  tha  I 

which  are  gJTea  In  tbo  following  (Hble  : 


■ralilf 

of  NUwdanI 

«!»• 

PIpH 

1 

DUmetsr. 

i 

Di.m.«r. 

1 

s 

Eiter- 

i 

.OT 

.40 

2  47 

a,OT 

,,98 

B.« 

T-ra 

U 

Th. 

following 

Ublegiv 

x  the 

niitnbet  c 

t  pipei  o 

one 

iu  req 

ulrad  to 

•qnftl  In  dellTery  other  larger  plpn  of  the  uma  laapti  uid  nndar  the  (una 
oondltlona.  Tha  ugjijer  portion  abuVH  the  dluonalllne  of  bluilu  pertalna  to 
■■  aEandiud  "  steam  anrf  gu  plpei,  while  the  lower  portion  li  for  pipe  of  tha 
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1422  STEAM. 

mBIiATlTB  TAJLUa  OF  flTBAM  PIPS  GOV 

(By  H.  6.  Stott.) 

Before  awarding  a  contraet  for  ooyering  the  itoam  plpee  in  the  M anhattaa 
Bailway  Company^B  pojrer-honae,  a  caref  m  investigation  and  teek  of  differsit 
types  and  thicknesses  of  corerins  was  made  under  the  anthor's  direction. 

The  method  adopted  consisted  in  ooapling  up  about  200  feet  of  S-in.  iroa 
pipe. 

Sections  i5  feet  in  length  were  marked  off  on  the  straight  portions  of  tke 
pipe,  and  so  arranged  as  not  to  include  any  pipe  oouplinip  or  bends.  Tvo 
feet  from  each  end  of  each  section  heavy  potential  wires  were  solderMl  ca 
to  the  pipe,  and  at  tho  extreme  ends  of  the  pipe,  cream  copper  insnIstiMl 
cablet  were  soldered  on,  the  openings  In  the  pipe  havinf  been  prerioosiy 
dosed  by  means  of  a  standard  coupling  and  plug.  One  of  these  cables  rsa 
direct  to  one  terminal  of  a  260-kilowatt  250-yolt  steam-driven  direct-coupled 
exciter.  The  cable  connected  to  the  other  end  of  the  pipe  was  then  cod* 
neoted  to  three  anmieter  shunts  in  series,  in  order  to  enable  the  raadlnfls  to 
be  easily  checked,  after  which  it  was  carried  through  a  otrenit  breaker  sad 
switch  to  the  other  exciter  terminal. 

Invitations  for  bids  were  sent  to  all  the  principal  pipe  covering  mmnnfM' 
turers  and  Jobbers,  specifying  that  each  one  would  be  expected  to  oorer  oos 
or  more  sections  of  the  2*inch  pipe  for  a  competitive  test,  and  that  namplis 
from  the  successful  bidders*  covering  would  oe  analvzed  in  the  company's 
chemical  laboratory,  and  no  covering  accepted  which  departed  more  tlisa 
8  per  cent  from  this  analysis. 

A  special  Weston  Milll- Voltmeter  was  ordered,  with  which  readings  wera 
taken  from  the  potential  wires,  the  latter  all  being  brou|^t  to  mercury  ciqs 
on  a  testing  table  near  which  the  ammeters  were  also  located. 

Current  suffldent  to  heat  the  pipe  to  approximately  870  degrees  Fabr. 
(corresponding  to  a  steam  gauge  pressure  of  160  pounds)  was  kept  on  for  thres 
days  continuously  in  order  to  dry  out  the  various  coverings,  after  which  they 
were  allowed  to  cool  off  to  the  air  temperatures  before  startlns  the  test. 

The  temperature  of  the  room  was  kept  between  27  and  31  degrees  Osnt 
(80  and  88  desrees  Fahr.,  about)  during  the  entire  test.  Bach  section  hss 
about  600  readings  taken. 

The  method  oi  test  was  to  put  a  current  of  sujBcient  quantity  throng 
the  pipe  to  heat  to,  sav,  220  degrees  Fahr.,  and  keep  this  current  on  for  a 
suffleient  time  to  enaSle  all  sections  to  inaintain  a  constant  teaaperatuxe 
(this  period  was  found  to  be  about  ten  hours),  when  readings  of  the  odllf* 
volt-meter  were  taken  on  each  section  with  simultaneous  ammeter  readings. 

A  constant  temperature  having  been  obtained,  it  is  evident  that  the  watts 
lost  in  each  section  give  an  exact  measure  of  Uie  energy  loet  in  mmiw^iwiTi^ 
a  constant  temperature,  and  from  the  watts  lost  the  B.  T.  U.  are  readi^ 
calculated.  Diagram  Ko.  1  shows  the  result  of  the  test  values  bdng  re* 
duoed  to  loss  in  a,  T.  U.  per  square  foot  of  pipe  surface  at  various  temper- 
atures in  the  curves,  and  at  a  temperature  corresponding  to  steam  at  IM 
pounds  pressure  in  the  table. 

After  a  series  of  readings  had  been  completed,  the  current  was  raised 
suiliciently  to  give  approximately  60  degrees  Fahr.  rise  in  the  least  effleieiit 
covering,  and  mainuuned  constant  for  ten  hours,  when  another  series  ol 
readings  was  taken,  and  so  on  until  the  temperature  of  Uie  pipe  had  reached 
a  point  far  above  anything  used  in  practice. 
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itiULAVira  BCOMomr  or  i^mnwmmm  thick- 

arsAABs  or  covuture. 

85  per  cent  magnesU  used  as  basla. 

The  diagram  shows  that  for  two  yearn,  oorerlng  an  inch  thick  is  moeteeop 
nomioal.  After  two  years  the  relative  eost  decreases  quite  feet  with  in- 
crease in  thickness;  and  at  ten  years,  covering  three  inches  thick  Is  far  the 
most  economical,  and  this  wlthont  regard  to  pipe  diameter. 


JBleetrical  T«at  «f  Steaat  Plp«  G^Tertags. 


No  of 
Oorve 


S 

8 
4 
5 
6 
7 
8 

9 
10 
11 
13 
IS 
14 
15 
16 
17 
18 
19 
20 
81 


Solid  Cork,  Sectional  

86  per  cent  Magnesia,  Sectional 

Solid  Cork,  Sectional 

85  per  cent  Magnesia,  Sectional 

Laminated  Asbesto  Cork,  Sectional 

86  per  cent  Magnesia,  Sectional 

Asbestos     Air     Cell     [Indent]     Seotional 

(Imperial) 

Asbestos  Sponge  Felted,  Sectional  

Asbestos  Air  Cell  [Long]  Sectional 

Asbestocel "  [Radial],  Sectional 

Asbestos  Air  Cell  [Long],  Sectional 

Standard*'  Asbestos,  Sectional 

Magnesian  ",  Sectional 

"Bomanit"  [Silk]  Wrapped 

85  per  cent  Magnesia  2  Sectional  and  i"  Block 

"        "i"  Plaster 
2-1" 
2-1" 
2" 


4( 


tt 


l( 


<l 


(« 


•  I 


«4 
•I 


•t 


*( 


*• 


«l 


2" 


«i 


i( 


Bare  Pipe  [From  Outside  Tests]. 


Aver. 

Thick- 
ness. 

B.T.U. 
Loss  per 
Sq.  ft.  at 
lOOlb.pr. 

1.68 

1.462 

1.18 

2,006 

1.20 

2,048 

1.19 

2,iao 

1.48 

2,12S 

1.12 

2,190 

1.26 

2,833 

1.24 

2,662 

1.70 

2,760 

1.22 

2,801 

1.29 

2,812 

1.12 

1.28 

1.51 

1,4S2 

2.n 

1,381 

2.45 

1,387 

2JM> 

1412 

2.24 

1,466 

2.34 

1,666 

2.20 

1,668 

13/no 

67.1 
8L5 
812 
83^ 
88.7 

88.2 
88.1 
89J 
TBJB 
78^ 
78.4 


88J 

89.4 
88.7 
89JD 
88.7 
8841 
87J9 


In  a  paper  read  before  the  A.  S.  M.  E.  in  Jane,  1898,  Prof.  0.  L.  Nortoa 
of  the  Massachnsetts  Institute  Technology,  gave  a  series  of  tables  sbowiaf 
the  results  of  tests.  For  the  sake  of  brevity  the  descriptions  of  the  dUfar- 
ent  materials  are  omitted.   The  tables  follow: 
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Specimen. 


A 

B 

C 

D 

E 

F 

Q 

H 

I 

J 

K 

L 

O 

P 


Name. 


Nonpareil  Cork  Standard 
Nonpareil  Cork  Octagonal 
Manvllle  High  Pressure  . 

Magnesia 

Imperial  Asbestos    .    .    . 
TV  •  My*    •••••••• 

Asbestos  Air  Cell  .  .  . 
Manrille  Infusorial  Earth 
Manville  Low  Pressure  . 
ManTille  Magnesia  Asbestos 

Msffnabestos 

Molded  Sectional,  .  .  . 
Asbestos  Fire  Board    .    . 

Caldte 

Bare  Pipe 


III! 

Thickness 
in  Inches. 

2.20 

16.9 

1.00 

2.38 

17.2 

.80 

2.38 

17.2 

1.26 

2.46 

17.7 

1.12 

2.49 

18.0 

1.12 

2.62 

18.9 

1.12 

2.77 

20.0 

1.12 

2.80 

20.2 

IJM 

2.87 

20.7 

1.26 

2.88 

20.8 

IM 

2.91 

21.0 

1.12 

3.00 

21.7 

1.12 

8.33 

24.1 

1.12 

3.61 

•26,1 

1.12 

13.84 

100. 

•     •     • 

44 


16 
64 
36 
46 
69 
36 


66 
48 
41 
36 
66 


Specimen. 


BUecollaaeo 

B.T.U.  per 
sq.  ft.  per 

mln. 
at  200  lbs. 

•     •     •       9>to 


Specimens. 


Box  A,  1  with  sand  .... 

2  with  cork,  powdered   .    .  1.76 

8  with  cork  and  infusorial  1.90 

earth 

4  with  sawdust 2.16 

6  with  charcoal 2.00 

6  with  ashes 2.46 

Brick  wall  4  inches  thick  .    .  6.18 


Pine  wood  1  inch  thick 
Hair  felt  1  inch  thick  . 
Cabot's  seaweed  quilt  . 
Spruce  1  inch  thick  .  . 
Spruce  2  inches  thick  . 
Spruce  8  inches  thick  . 
Oak  1  inch  thick  .  .  . 
Hard  pine  1  inch  thick . 


B.T.U.  per 
sq.  ft.  per 

min. 
at  200  lbs. 

.     3.66 

.     2J51 

.      2.78 

.      3.40 
2.31 

.      2.02 

.      3.65 

.      8.72 


Prof.  B.  C.  Carpenter  says  that  there  is  great  difference  in  the  flow  of  heat 
through  a  metal  plate  between  dilferent  media.  In  discussing  Professor 
Norton's  paper  he  gare  the  values  as  shown  in  the  following  table  as  the 
resjilt  of  experiments  conducted  in  his  laboratory. 

Heat  Tr 


mlttod  In  Tberaial  Halts  Throvrh  Cleaa  Caat- 
i  Plate  /«  lach  Tbick.    (Carpenter.) 


Steam  to  Water. 

Lard  Oil  to  Water. 

Air  to  Water. 

Differenee 

of 

Temperature. 

Degrees  F. 

Per  Square  Foot. 

Per  Square  Foot. 

Per  Square  Foot. 

PerDeg 

Total  per 

Per  Deg. 

Total  per 

Per  Deg. 

Total  pes 

per  hour 
B.  T.  U 

minute 
B.  T.  U. 

per  hour 
B.  T.  U. 

minute 
B.  T.  U. 

per  hour 
B.  T.  U. 

minute 
B.  T.  U. 

25 

21 

8.8 

6.6 

2.7 

1.2 

0.6 

60 

48 

40 

13 

10.8 

2JS 

2.7 

76 

84 

110 

19.6 

MJi 

3.7 

6.8 

100 

127 

211 

26 

43.3 

5.0 

8.8 

125 

186 

375 

91J5 

65.6 

6.2 

13 

160 

266 

637 

80 

72.6 

7A 

18.7 

176 

46  JS 

132 

8.7 

26.4 

200 

62 

173 

10 

33 

300 

78 

380 

16 

75 

400 

1 

20 

133 

600 

25 

206 

The  above  investigation  indicates  that  the  substance  which  surrenders  the 
heat  is  of  materlaJ  importance,  as  is  also  the  temperature  of  the  surrounding 
media. 

In  estimating  the  elTeetive  steam>heating  or  boiler  surface  of  tubes,  the 
snilace  in  coi^act  with  air  or  gases  of  combustion  (whether  internal  or 
external  to  the  tubes)  is  to  be  taken. 

For  heating  liquids  by  steam,  superheating  steam,  or  transferring  hep'' 
from  one  liquid  or  gas  to  auothWt  the  mean  surface  of  the  tubes  is  to  1 


1426 


STEAM. 


JWd  Bpvdjqx 
JO  aoquiu  f<{ 


>ciooo^^i-<*HiH*Hao(ioooaoooooeooooooeoofloao«o< 


s 

s 


o 


I 


•   •••_•••  _•   •   •  ^  ^»   •    •    •   •   *  ^\   •  ^   •   •    •  ^*   •   •    •   •  » 


^ 
^ 


^1 

s 

I 


as, 


I1« 


00 


I 


S^E3Sl|i|^|^i^||g8p^P§lii^^Sg< 


^Ot««D^eCC4e4iHv-l«Hr^ 


0»t»lO^«Oe4C9Mi^i^i^ 


i 

e 


3 


"a 

u 

s 


•       •••■••••       f      »     J      *   •       •       •       •       «*••••• 


8 


<-ie«n«r«c»( 


1 


M 
H 


I 


OG 


«HCtc«^«a>e4 


• 

a 

S 

C 

.a 

« 

« 

■•» 

0 

5 

•H 

• 

43 

M 

1 

H 

M 

*OTein[op|x 


||ps3sSS§g|^S^«;IPI|g^g^^^^^^ 


I 


^5« 


s 


rl  •-•  rl  04  d  CQ  m  «  ^  lO  CD  to  t>  00  O  «-4  C«  CQ  <f)  lO  r>  tt  *^  A 


15" 


OQ 


O94c««io<0aooet« 


.     •      •  I    • 

•==-3  8 

W    a«    U       U 


'i^  *-•  r-i  9<  e^eo  c?<#  ^lO  V  r«  00  o»  e  f^  e«  CO  ^  lO 


STEAM  PIPE. 


1427 


ft 


9 

e 

g 


o 

■ 

e 


« 
■ 

0 

8 
I 

s 


0 

• 

s 


■5 

a 

o 
fi4 


*^«-«c^eoeoidt>^oc4^ooQ 


s  s 


as 

I? 


a        •         ■        •        • 


aoc4At»iO'<««coc«i-it-ii-ii^«-i 


I 

9 

I 


13 


OQ 


^ 


iSi^Siiif^gcSal 


rif^eieon-^KOao 


«D 


CO 


•       ■•••••■•«       ••••• 


OQ 


•   •••■•■•■••   V   i   •   • 


3 


a  a 


9 


■     ••••••••     •     •■••■ 


9A 
H  3 


80 
V 


*o8n«o  9J|AV  feojva^ 


o 
'A 


^r^  3^0>  of  t»  <y  «0  lO  M  »H  O  O  O  < 


'Bflon^oiiix 


-2  as 


.a 


„§§Sg§S§§slgig§ 


»4 

§ 


^  4 

0 


•^e 


<  ^ 


s 


>H  fiH  v^  c>i  C4  00  CO  ^  Id  «e 


1428 


8TEAM. 


i 

I 


li 


oSaoa  ^ 


6*o 


I 


S*  la  la  M  fc«  OQ  <D  <-•  €4  i-i  (o  s  tr  ^  ^  !f  £9  M  fi  *  Y  fi  ^  fS  ^  S*  .^  fiS  r?  A  ^S 
|§il§§^^i§iiiiiii|sl§iiippis| 


I 


OQ 


in 


1^^ 


|p^||i,§§8SS§.pS§^||^a.^S.t;SS^i;ii^i;;| 


H    M 


|^:5«f««rgr8r««»ar^*-»f»foo»o;5C5g^9g5;g«5g5; 


19 


BOILER-TUBES,  14:29 


Beuemer  Steel  Tubes,  Lap  Welded. 
A.  B.  M.  E.  TraiiB.  1906— B.  T.  Stewart. 


P=  1000(1- '\/l-lflOO^^       <^) 

Pssseero^— 1386 .  (^ 

a 

P=  collapfling  pres.  lbs.  per  sq.  in, 
d = outs.  diam.  of  tube — Incbes. 
<= thioknesB  of  wall — inohee. 


Um  a  for  Taluee  of  P  lees  than  681  lbs. 

•   t 

for  Talues  of  -=  less  tlian  0.028. 
a 

Use  B  for  ralnes  greater  tban  these. 

Material  tested  was  66000— 60000  lbs.  tensile  strength. 

Up  to  8"  diam.  and  ao  ft.  long. 


JRealateMce  of  Tubes  to  Colliftpae. 

Bulletin,  "So,  5,  Exp.  Station— Unlr.  111.,  1906  — A.  P.  Carman 

Where  ratio  4  ^  gntkUae  than  O.03. 

€t.  For  brass: 

P= 93366  t  —  M74. 

b.  For  seamless  cold  drawn  steel : 


e.  For  lap-welded  steel : 


i>=:9662o4— 200a 


i>=^8327o4  -lOflB. 
a 


Where    -r  i«  less  than  0.06. 
d  ' 

For  seamless  oold  drawn  steel : 

i>=  1,000,000  (2  Y 

For  liq^walded  steel : 

/»=1,260/)00(1). 
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Touae  StmlM  of  Solti. 


Diameter 

Area  at 

At  7,000 

At  10,000 

At  12,000 

At  15,000 

At20,00(; 

of  Bolt 

bottom  of 

lbs.  per  sq. 

IbB.per  sq. 

Ibfl.persq. 

lbs.  per  sq. 

lbt.pei 

in  inches. 

Thread. 

inob« 

inch. 

inch. 

inch. 

sq.  inch. 

■  ' 

.126 

875 

1,260 

IJBOO 

1375 

3,600 

.196 

1,3^ 

1,960 

2,360 

?»®S 

2^ 

\ 

.3 

2,100 

8,000 

3,600 

4,600 

6,000 

■  ' 

.42 

2,940 

4,200 

6,010 

6^ 

?»S2 

M 

3,860 

5,600 

6,600 

8,260 

11,000 

1 

.69 

4,830 

6,900 

8,280 

10,360 

*2»5K 

.78 

5,460 

7,800 

9,300 

11,700 

15,000 

1.06 

7,420 

10,600 

12,720 

15,900 

21.200 

1- 

1.28 

8,960 

12,800 

16,380 

19,200 

25'5K 

1.63 

10,710 

15,300 

18,380 

22,960 

£»S2 

T 

1.76 

12,320 

17,600 

21,120 

26,400 

^'SJ 

1 

2.03 

14,210 

20,300 

24,360 

30,460 

^'SK 

2 

2.3 

16,100 

28,000 

27,600 

34,600 

46,000 

1 

3.12 

21,840 

31,200 

37,440 

46,800 

62,4(00 

3.7 

25,900 

37,000 

44,400 

65,600 

74/m 

The  breaking  strength  of  good  American  bolt  iron  is  nsnally  taken  at 
60,000  Ibe.  per  sq.  in.,  with  an  elongation  of  15  per  cent  before  breaking.  It 
shonld  not  set  under  a  strain  of  lees  than  26.000  lbs.  The  proof  strain  is 
20,000  lbs.  per  sq.  in.,  and  beyond  this  amount  iron  should  never  be  strained 
in  practice. 


Made  from  Wro«r^<  Iros  or  fttool  Pipe* 

(Crane  CJo.) 


Fie.  17. 


The  radius  of  any  bend  shonld  not  be  less  than  5  diameters  of  the  pipe,  and 
a  larger  radios  is  much  preferable.  The  length  X  of  straight  pipe  at  each 
end  of  bend  shonld  be  not  less  than  as  followst. 


6-ineh  Pipe  X= 
6-inoh  Pipe  X= 
7-ineh  Pipe  Xzz 
fr^inch  Pipe  X=: 


6  inches, 

7  inches, 

8  inches, 

9  inches. 


10-lnoh  Pipe  X=  12  inches, 
12-lnch  Pipe  X= 14  incites, 
14-inch  Pipe  X=  16  inches. 
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A.  S.  M.  E.  and  Master  Steam  and  Hot  Water  Fitters'  Aasodatlon  stan- 
dard, adopted  Anguitt  l^M.  Medinm  pressure  inolndes  pressures  ranging 
below  75  pounds.    High  pressure  ranges  up  to  200  pounds  per  square  inch. 


I 

I 

u 

S 

0 


s 

I 

a 


o 


2 

a 

2 
3 
3 
3 

a 

3 
3 
3 


825 
1060 
1330 
2580 
2100 
1430 
1630 
2300 
3200 
4190 
3610 
2970 
4280 
4280 
3660 
4210 
4640 
4490 
4320 
5130 
6030 
6000 
4690 
6790 
6700 
6090 


170TX8. — Sizes  up  to  24  inches  are  designed  for  200  lbs.  or  less. 

Sixes  from  24  to  w  i^ehes  are  divided  into  two  scales,  one  for  200  lbs.,  the 
other  for  less. 

The  sizes  of  bolts  given  are  for  high  pressure.  For  medium  pressures  the 
diameters  are  i  inch  less  for  pipes  2  to  20  inches  diameter  InclusiTc,  and  4 
inch  lees  for  larger  sizes,  except  48-inch  pipe,  for  which  the  size  of  bolt  is  If 
inches. 

When  two  lines  of  ilgures  occur  under  one  heading,  the  single  columns  up 
to  24  inches  are  for  both  medium  and  high  pressures.  Beginning  with  24 
inches,  the  left-hand  columns  are  for  meoium  and  the  right-hand  lines  are 
for  high  pressures. 

The  sudden  increase  in  diameters  at  16  Inches  is  due  to  the  possible  inser- 
tion of  wrought-iron  pipe,  making  with  a  nearly  constant  wi<uh  of  gasket  a 
greater  diameter  desirable. 

When  wrought-iron  pipe  is  used,  if  thinner  flanges  than  those  given  are 
sufficient,  it  is  proposed  that  bosses  be  used  to  bring  the  bolts  up  to  the 
standard  lengthiB.    This  avoids  the  use  of  a  reinforcement  around  the  pipe. 

Figures  in  the  third,  fourth,  fifth,  and  last  columns  refer  only  to  pipe  for 
200  lbs.  pressure. 

In  drilling  valve  flanges  a  vertical  line  parallel  to  the  spindles  should  be 
midway  between  two  holes  on  the  upper  ude  of  the  flanges. 
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8t«am  engines  are  often  claseed  according  to  the  number  of  eyllnden  thi 
Bteam  passes  in  succession,  and  whioli  are  aUferent  in  size. 

Simple  ezpansion, 
Compouna,    - 
Triple, 
Quadruple. 

Any  one  of  the  above  classes,  If  run  non-condensing,  is  called  ]ow-pr» 
sure,  or  non-condensing ;  and  if  run  with  condenser  is  called  high-presf^ure, 
or  oondensinff. 

Nowadays  the  abore  classes  are  made  In  two  types  :  high  gpeed^  includi^ 
all  engines  running  above,  say,  150  revolutions  per  minute ;  and  /oc  tpeea. 
all  those  running  at  less  than  160  revolutions. 

This  division  is  scarcely  correct,  as  Home  of  the  long-stroke  engines  ma- 
nlnsat  125  revolutions  have  more  than  1000  feet  piston  speed,  while  fev 
of  ttie  so-called  high  speed  machines  exceed  600  feet  per  minute  piston 
speed. 

iu  selecting  an  engine  for  electrical  work  it  is  necessary  to  see  that  the 
machine  is  extra  heavv  in  all  its  parts ;  especially  so  for  electric  railway 
work,  as  the  changes  in  load  are  often  great  and  sudden,  and  In  ease  of 
short  circuit,  engines  are  liable  to  be  called  on  for  tremendous  inerease  la 
output,  and  should  have  no  weak  parts.  This  especially  applies  to  ty- 
wheels,  of  which  a  large  number  have  burst  on  the  large,  siow-nuudag 
engines  used  in  railwav  power-houses. 

Bearings  should  all  be  of  extra  large  sise,  especially  so  on  the  main  shall 
foumals  of  large  directroonnected  units. 

The  selection  of  sise  (horse-power)  depends  laively  upon  the  ratfnc  of  the 
eonnected  electrical  machinery  and  the  number  of  hours  it  runs,  miMU>  betas 
left  to  the  judgment  of  the  advising  engineer.  For  dlrect-conneeied  unlti 
it  is  not  necessarv  to  install  an  engine  of  greater  rated  capaoity  than  the 
rated  output  of  the  generator,  as  the  engine  will  easily  oare  zor  OTwload  en 
the  generator  if  ratM  at  \  cut-off.  as  is  usual. 

Some  builders  of  ensines  rate  tneir  sizes  for  connections  to  dynamos  ao  as 
to  supply  14  h.  p  per  k.w.  capacity  of  the  dynamo. 

The  selection  of  condensing  or  high-pressure  engines  has  In  the  past  de- 
pended largely  on  availability  of  an  adequate  supply  of  water  for  eoiidei»> 
ing  purposes ;  but  to-day  the  cooling  tower  with  water  enough  to  fill  a 
supply-tank  once,  and  a  regular  supply  for  boiler-feed.  Is  a  Tery 
faotoqr  arrangement. 
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▲    DI«B0TOV   VBM    VrarAX    RBPORT    Of    COM- 

flLEtmOB    Olff    «XAMI>AlUDI2EAT10]ff  OF 

BJ!V€»J[ra«    AMD    DYM AMOS. 

CTranMCtionB,  A.  8.  M.  E.,  Vol.  23,  1902.) 

1.  The  Committee  of  Standardlxatioit  of  Englnee  and  I>7namos  has  the 
pleaente  to  submit  its  final  report. 

2.  The  Ck)mmittee*8  investigation  has  covered  the  standardization  of  the 
following  points : 

<])  The  standard  sixes  of  nnits  recommended. 

(2)  The  corresponding  revolutions  per  minute  for  these  units. 

(3)  The  sizes  of  shafts  for  the  two  classes  of  center-crank  and  side- 
crank  engines. 

4)  The  length  alons  the  shaft  re<iuire<l  for  the  generator. 

5)  The  heiffht  of  axis  of  shaft  over  top  of  sub-base. 
|6)  The  width  of  top  of  sub-base. 

Armature  fit. 
'8)  Overload  oapaoity  of  engines  and  generators. 
Brush  holders. 
Holding-down  bolts,  keys,  and  outboard  bearing!. 

Aiae  of  ITalta. 


(10) 


8.  Our  endeavor  has  been  to  reduce  the  number  of  standard  units  to  the 
fewest  sizes.  For  reasons  previously  stated,  the  largest  size  embraced  in 
our  list  is  200-kilowatt  capacity. 

In  this  connection  our  rex>ort  covers  the  standardization  of  DisxcT- 
OUBUBNT  generators  only. 


IteTOl  ■tiOBS. 

4.  These  standard  speeds  have  been  chosen  after  investigation  of  the 
practice  of  all  the  engine  and  generator  builders  in  the  country.  It  will 
be  observed  that  we  have  provided  for  a  permissible  variation  oi  speed  of 
five  per  cent  above  or  below  the  mean  speed,  which  we  recommend. 


•ksift  Dlaaieten. 

6.  These  are  the  result  of  analysis  of  the  existing  practice  of  all  manu- 
iacturers,  and  a  consideration  of  all  the  conditions  affecting  the  diameter 
of  the  shaft. 

In  order  that  the  reason  for  the  diameters  of  shafts  that  we  have  recom- 
mended shall  be  thoroughly  understood,  we  may  explain  that  (especially  in 
shafts  for  side-crank  engines)  the  permissible  deflection  has  determined  the 
diameter.  This,  in  some  cases,  is  larger  than  would  have  been  necessary 
for  torsion  and  bending  if  deflection  did  not  have  to  be  considered. 

As  oases  sometimes  arise  where  cross-compound  engines  or  double  enffinei 
are  connected  to  generators  coming  within  our  recommendation,  ana,  as 
such  units  require  considerable  larger  shafts  than  those  given  in  our  tables, 
we  deem  it  necessary  to  state,  specmcany,  that  our  recommendations  apply 
only  to  engines  of  usual  proportions,  with  the  generator  attached  at  the 
■Ida  of,  instead  of  between,  the  cranks. 


IiOBgrtk  of  ttk»B«r«tor  aloar  <■>•  Abaft. 

0L  We  found  that  the  practice  of  manufacturers  required  provision  foi 
two  elnsses,  which  may  be  called  "  long  "  and  '*  short "  generators* 


1436  8TEAM.  . 

W  bare  ourefnlly  oonsMered  the  faet  that  for  these  rmryliiff  leongtlie  of 
generator  and  shaft,  the  ensine  bnilder  haa  to  provide  dlfTerent  lengths  of 
snb-baee,  and  in  order  to  reaaoe  the  expense  of  patterns  here  to  a  minim 


our  idea  is  that  these  patterns  would  be  made  so  that  the  end  awav  fron 
the  commutator  can  be  extended  the  necessary  amount,  Are  or  six  mohcs, 
to  take  care  of  the  increased  length  of  bed. 

KelClit   of  AlMft. 

7.  There  are  two  classes  of  generators  to  be  prorided  for  under  this  head : 
Those  which  are  split  yertically,  and  those  which  are  split  horinontallj. 
The  former  have  a  flat  base  which  rests  directly  upon  the  flat  top  of  the 
sub-base,  while  the  latter  have  feet  which  take  the  weight  of  the  gene* 
rator. 

In  order  to  arrange  that  the  engine  builders*  patterns  may  be  reduced  to  a 
minimum  and  stillDe  stock  patterns,  which  will  flt  every  style  of  machine, 
we  have  chosen  dimensions  for  height  of  axis  of  shaft  above  top  of  snb- 
base,  sufficient  to  allow  for  the  vertically-split  machines,  and  also,  ex- 
cept as  stated  later,  to.  dear  the  periphery  of  the  horiaontally-qdit 
machines. 

As  will  be  seen,  the  scheme  provides  for  a  main  pattern  to  which  patterns 
for  the  stools  and  seatinss  for  both  horixontally-and  vertically-^lit  gener^ 
ators  can  be  attached  before  the  pattern  is  sent  to  the  foundrv — stooia  for 
the  horixontally-split  machines,  and  rectangular  seatings  for  tiie  vertically- 
split  machines. 

In  the  case  of  the  160  and  200-kilowatt  units,  we  have  provided  for  s 
recess  in  the  top  of  the  sub-base  to  allow  the  lower  part  ox  some  horiJOB> 
tally-split  generator  frames  to  be  accommodated,  and  so  to  avoid  unduly 
raising  the  center  of  the  shaft.  In  the  case  of  the  vertically-split  machines 
and  those  which  are  split  horiaontally  and  do  not  need  this  recess,  the  top 
of  the  sub-base  wiU  be  flat  and  continuous. 


WFU 


8.  This  has  been  decided  by  examination  of  existing  practice,  and  we 
believe  that  the  figures  we  have  recommended  will  cover  the  necessitifli 
for  all  sixes  of  generators. 

lllMlBlfl    Witt 

9.  In  the  matter  of  armature  flt,  our  recommendation  is  for  what  is  knows 
as  a  single  flt. 

We  have  obtained  the  opinions  of  manufacturers  in  respect  to  the  allow- 


ance to  be  made  for  a  pressed  flt,  and  flnd  that  allowances  of  ^^  1a<^  '^ 
shafts  4  inches  to  6  Inches,  inclusive,  and  jiAis  li>ch  for  shafts  Sf  Inches  to 
II  inches,  inclusive,  represent  the  best  existing  practice. 


The  armature  bore  is  to  be  the  exact  sixe  given  in  the  table,  and  ths 
allowance  is  to  be  made  by  the  increase  of  diameter  of  engine  shart. 

We  believe,  that  In  order  to  secure  the  best  results,  it  will  be  neoesssfy 
to  work  to  a  definite  gauge ;  to  this  end  we  recommend  that  the  generator 
builder  furnish  a  gauge  the  exact  diameter  of  the  bore,  and  the  engias 
builder  maJke  the  necessary  allowance  for  the  press  flt,  as  reoommendetL 


Ow«rloa4  €>m9mmHj  of  Kagisiea  aad  CtaBenstovm. 

10.  Oenerator  builders  are  frequently  called  upon  to  provide*  durioc 
short  periods,  for  overloads  of  as  much  as  60  per  cent,  and,  in  occastoaal 
cases,  of  even  100  per  cent. 

Bearing  in  mind  that  our  recommendations  are  entirely  for  standard 
practice,  we  recommend  that  the  standard  overload  rating  of  any  direel- 
eonnected  unit  should  not,  in  any  ease,  exceed  25  per  cent  of  the  raisd 
capacity. 
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11.  We  recommend  that  the  hriuh-holder  rigging  shall  be  supported  upon 
the  generator  frame. 


KoiaiBr-dowM  ]i«lti,  Key*,  abA  OB«l»oar«   Bearlmc*. 

12.  We  recommend  that  the  holding-down  bolts,  shaft  keys  for  securing 
the  generator  hab  to  the  shaft,  ana  the  outboard  bearings,  should  be 
famished  by  the  eneine  builders. 

In  the  table  will  be  found  columns  showing  sizes  of  shaft  keys  which 
we  recommend:  also  the  number  and  size  of  holding-down  bolts. 

It  will  be  noticed  that  we  do  not  give  any  lengths  for  keys.  We  believe 
it  best  to  leare  the  determination  of  the  length  of  key  for  adjustment  by 
engine  and  generator  builders  in  each  indiyidual  case. 

Sizes  of  keys  have  neen  taken,  so  that  standard  rolled  stock  can  be 
employed. 

we  recommend  that  the  keys  be  made  straight,  and  be  used  as  feathers. 
They  should  therefore  lit  accurately  on  the  edges,  and  not  on  the  top. 
proper  allowance  should  be  made  In  cutting  the  keyway  in  the  armature 
nub,  so  that  there  will  be  suiBcient  clearance  at  the  top  of  the  key. 


13.  In  the  course  of  our  inrestigatlon  our  attention  has  been  called  to 
a  number  of  points,  which,  from  their  nature,  are  not  exactly  in  the  same 
category  as  those  on  which  we  have  made  recommendations,  but  we  con- 
sider them  of  such  importance  that  we  desire  to  offer  them  as  suggestions 
for  consideration  by  members  of  the  Society,  with  a  ylew  to  their  Moption 
if  oonsidered  suflloleutly  meritorious. 


%m  Abaft.  —  Usually  the  contract  definitely 
provides  by  whom  this  is  to  be  done,  but  our  suggestion  is  that  if  there  is 
no  such  provision  in  the  contract,  it  should  be  understood  that  the  engine 
and  generator  builders  shall  agree  who  is  to  do  this  work,  so  as  to  avoid 
any  dispute  when  the  separate  portions  of  the  unit  are  delivered  on  the 
premises. 

B.  Hoor»I<lne. — For  convenience  in  operation,  and  for  the  informa- 
tion of  engine  and  generator  builders,  we  suggest  that  for  units  up  to  75 
kilowatts.  Inclusive,  the  floor  line  should  come  at  the  bottom  of  the  sub- 
base:  ana  for  units  100  kilowatts  to  200  kilowatts,  inclusive,  the  floor  line 
should  be  one  inch  below  the  rough  top  of  the  sub-base. 

C.  ]*n»tectlMC  CoHiHintatom  froai  Oil.  — In  view  of  the  fact 
that  in  some  cases  the  distance  between  bearing  and  commutator  is  very 
small,  it  is  well  for  engine  builders  to  bear  in  mind  that  provision  should 
be  made  to  prevent  oil  from  the  bearing  getting  on  the  commutator. 

]>.  Some  generator  builders  have  asked  that  the  end  of  the  shaft  shall 
be  drilled  and  tapped  to  facilitate,  if  necessary,  the  removal  or  placing  of 
the  armature  on  tne  shaft  at  the  place  of  erection ;  we  suggest  that  this 
be  done. 

■•  In  some  cases,  generator  builders  reqvdre  special  nuts,  bolts,  or  fix- 
tures for  attaching  generators  to  the  shaft.  Under  these  conditions  we 
suggest  that  the  generator  builders  should  furnish  all  attachments  to  their 
apparatus  that  are  not  already  specified  in  our  report. 
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Kone-power  of  Btmmmm 

TtomtiumM  IKor»e«power*  —  Now  very  little  uaed. 

D  =  dia.  oyL  in  inobes. 

A  =  area  of  piston  in  sq.  inches. 

L  =  length  of  stroke  in  feet. 

IP 

Bonlton  ft  Watt,  nominal  H.P.  =  -z^^  • 

Kent  gires  as  handy  rule  for  estimating  the  h.p.  of  a  single  eyUnder  engla% 

— .    This  rale  is  oorreot  when  the  product  of  the  m.e.p.  and  piston  speed  = 

21^. 

The  above  rule  also  applies  to  compound  triple  and  quadruple  engines,  ssd 

is  referred  to  the  diameter  of  the  low-pressure  cylinder,  and  the  h.p.  of  soeb 

an  engine  then  becomes 

(dia.  low-pres.  cyl.)*      », »     /         vi    * 
^^ ^ ^—^  =  H.P.    (roughly.) 

'.ImdlcatMl   Koree    Power;    M. H.P.— The  power  developed  is 
th»  cylinder  of  a  steam  engine  is  correctly  determined  only  by  use  of  ths 
imlicator,  and  comparisons  and  steam  consumption  are  always  oaleolatad 
on  that  basis. 
H.E.P.  =  mean  pressure  in  pounds  per  square  inch,  as  shown  by  tha 
indicator  card. 
£=  stroke  of  piston  in  feet, 
n  =  number  of  revolutions  per  min. 
a  =r  effective  area  of  head  side  of  piston. 
a,  =r  effective  area  of  crank  side  of  piston. 
,.  «.  ^  _  [(g  X  m.e.p.)  -f  (a,  x  m.e.p.)]  x  l/n 

I'or  multiple  cylinder  engines,  compute  I.H.P.  for  each  cylinder,  and  sdd 
results  together  for  total  power. 

IBrako  Horso-powor.  —  The  brake  horse-power  <B.H  J*.)  of  an 
is  the  actual  or  avulable  horscHpower  at  the  engine  pulley ;  at  any  , 
speed  and  given  brake-load,  the  B.H  J*  is  less  than  the  corresponding  I. 
by  the  horse-power  required  to  drive  the  engine  itself  at  the  given  speed, 
an^l  with  the  pressures  at  the  bearings,  guides,  eto^,  corresponding  to  ths 
given  brake-Ioajl. 
If  7r=  load  in  lbs.  on  brake  lever  or  rope, 

/=  distance  in  feet  of  center  of  brake-wheel  from  line  of 

action  of  brake-load, 
N=.  revolutions  per  minute ; 

then    B.HJP.=^==-=  • 

The  mechanical  efllciency  of  any  given  engine  is  less  the  greater  ths 
expansion  ratio  employed,  and  of  two  engines  of  the.  same  t3rpe,  develc^iiM 
the  same  power  at  the  same  speed,  that  which  uses  the  higher  degree  of 
expansion  will  have  the  lower  mechanical  efficiency.  The  effect  of  tkif, 
though  not  usually  important,  is  to  make  the  beet  ratio  of  expansion  in  anj 
gi^an  case  somewhat  less  than  that  which  makes  the  steam  eonaomptioa 
per  I.H.P.-hour  a  minimum. 

The  mechanical  efficiencies  on  full  load  of  modem  engines  range  fhNs  9 
to  95  per  cent.  Large  engines  have,  of  course,  higher  mechanical  effieiea* 
cies  than  small  ones  (a  very  small  engine  may  have  as  low  a  mecihaitfcesl 
efficiency  as  40  to  50  per  cent,  but  this  lis  generally  due  to  bad  design  sad 
insufficient  care  being  taken  of  the  engine),  simple  than  oompound  en^neii 
and  compound  than  triple  engines  —  at  any  rate  when  not  very  laiye. 

Prof.  Thurston  estimates  that  the  total  mechanical  loss  in  non-eoodensliig 
engines  bavins  balanced  valves  may  be  apportioned  as  follows  :  —  mala 
bearings  40  to  ^  per  cent,  pistons  and  rods  83  per  cent,  crank-pins  64  per  ceat 
slide-valves  and  rolls  2^  per  cent,  and  eccentric  straps  6  per  cent.  An  unbsl- 
anced  slide-valve  may  absorb  26  per  cent,  and  in  a  condensing  engfae  tiM 
air  -pump  12  %  of  the  total  mechanical  loss. 


STEAM   ENGINES. 


1441 


C^llBder  Ratios  1»  Compoi 

Thfl  object  of  building  multiple  oy  Under  engines  is, 

a,  to  use  high  steam  pressure, 

6,  to  get  the  sreatest  number  of  eznansions  from  the  steam, 

c.  to  reduce  the  cylinder  condensation. 

Prof.  Thurston  says :  *'  Maximum  expansion,  as  nearly  adiabatie  M  prso* 
ticable,  is  the  secret  of  maximum  efficiencr." 

Although  the  theory  of  determining  tne  sizes  of  cylinders  is  perfectly 
understood,  yet  there  are  bo  many  causes  for  Tarying  the  results  tnat  prac- 
tically to-day  but  little  attention  is  giyen  to  calculations,  the  plan  being  to 
use  dimensions  such  as  have  proved  best  practice  in  the  past. 

The  proportions  of  cylinderB  are  supposed  to  be  such  as  to  equally  diyide 
the  number  of  expansions  and  work  among  tbem,  and  these  dimensions 
have  to  be  Taried  somewhat  to  meet  the  experience  of  the  engineer. 

Oiven  the  initial  pressure  (absolute)  i.P.  and  the  terminal  pressure  (abso- 

i  P 
lute)  t.P,,  then  the  total  nunber  of  expansions  is  E  =-7-5 1  and  the  num- 

ber  of  expansions  for  each  cylinder  is  as  follows : 
For  compound    V-E, 
For  triple  expansion    ^^Ts, 

For  quadruple  expansion    ^V^. 

Better  results  are  often  obtained  by  cutting  off  a  trifle  earlier  in  the  high- 
pressure  cylinder  *,  and  this  fact,  in  connection  with  the  extent  of  reheaters 
and  receiyers,  chaxiges  the  actual  ratios  from  the  ideal  to  the  practical  ones 
shown  in  the  following  table : 

M ■■iber  of  KxpaaaloMa  for  Comd«malar  Kncteoe. 


■■» 

Abso- 
lute. 

Total 

ICxpan- 

sions. 

Expansions  in  Each  Cylinder. 

Type. 

1st. 

2d. 

3d. 

4th. 

3ingle  cylinder  .... 

Compound 

Fripie  compound    .    .    . 
Quadruple  compound     . 

66 
146 
186 
266 

7 
22 
30 

48 

7. 
4.8 
3.2 
2.7 

4^6 
3.1 
2.65 

3.0 
2.6 

2M 

For  triple  engines,  Jay  M.  Whitham  *  recommends  the  following  relatlTc 
ees  of  cylinders  when  the  piston-speed  is  from  760  to  1,000  ft.  per  minute : 


sizes 


Boiler  Pressure 

(above 
Atmosphere). 

High-Pressure 
Cylinder. 

Intermediate 
Cylinder. 

Low-pressure 
Cylinder. 

130  . 
140 
160 
160 

1 
1 

1 
1 

2.25 
2.40 
2J» 
2.70 

5.00 
5.85 
6.90 

7.25 

The  following  are  the  maximum,  average,  and  minimum  values  of  t^e 
relative  cylinder  volumes  of  triple-expansion  condensing  engines,  working 
with  boiler  pressures  of  160  or  160  lbs.  per  square  inch  above  atmosphere,  on 
board  65  boats  launched  within  the  last  three  or  four  years  :  — 


Hiffh-Pressure 
Cylinder. 

Intermediate 
Cylinder. 

Low-Pressure 

Cylinder. 

Sfaxlmum  value 
Iverage       ** 
Minimum    ** 

1 
1 
1 

2.84 
2J>8 
1.89 

7JJ6 
6.71 
4/i9 

*  American  Society  i^f  Mechanical  Bngineerst  1889, 


442 


STEAM. 


-se 


2i|i||S|§|iiii§iii 


•ftS*^ 


9 


Ad^8oo^9{cS9SaS95aSc{d|9{3|      S8 


-Si 


§ 


•  •  •  •  •  •       ^ft  •  •  •  •  •  •         « 


-Si    2 


9 


d}0)dio^oi{0}woo)Ok9k     o^     cSs 


^ 


59     *     ^ 

vH        «H        ^ 

A       A       ^ 


«* 
S 


9    J9    S 

Ci      0(      o 


o     s 


'§iq 


ci 


MMMMMMMi 


»4 


I* 


g 


^   g   i 

t»      I-      t» 


8 

I* 


oO     83     Ok 
t»     t»     t- 


§ 


?  i 


C4 


9 


g 


3 

I* 


g§g§§§ggSg 


«0   Q   *« 


-S^  «  l|§2Sgggggggg 


S  9  S 


•«§.,  S  Sig§S§S§§|gggB^S 


'SS 


S§§§§i3ieSi§§& 


.*4 


? 


^ 


q5     V     V 


V     w     w     (0     Id     o 


•«-^^  ! 


'ocj 


?  I 


i 


o     « 

6  e 


•CSS 


lO 


i 


1 


I  I  I 


-sS 


I  §  I  I 


o 

lO 


25  ^  S   5 


•csS 


§S§S§§s§ 


i 


I  § 


■*s2 


I 


I  I  I  §  I  I 


s   ;:   8 
s   -^   •<? 


§  M 


•ess 


SM^^M^M.  §1 


s   i  I 


*ss 


^I^MMMIIM^I 


00 


«M        M        CO 

s^  i  ;; 


§i3§§SS§l 


•cs§ 


0> 


C9 

9 


SillSISil 


<1       ^       ^       *       ^       •?       ^ 


§    §    § 


M  ?  I  U 


Ml 


0 


*4    e«    m 


S    ;4    9    9    S   S 


-«oiimx«»|Q- 


STEAM   ENGINES.  1443 

]t«c«tver  Gapacliy.^In  compound  engineB  with  cranks  at  right 
angles  the  reoeirer  capacity  ghonld  be  from  1  to  1^  timee  that  of  the 
hlgh-preBsnre  cylinder  (Seaton),  or  not  lens  than  the  capacity  of  the  low- 
premnre  cylinder  (** Practical  Engineer").  When  the  cranks  are  oppo- 
site, the  receiver  capacity  need  not  exceed  that  of  the  steam  passage  &om 
the  high-pressure  to  the  low-pressure  cylinder.  The  general  effect  of  large 
receiyer  capacity  is  to  cause  a  drop  between  the  pressure  at  the  end  of  the 
high-pressure  enansion  stroke  and  the  be«innlng  of  the  high-pressure  ex- 
haust stroke  and  lo»'-pressure  admission,  thus  Increasing  the  power  dey el- 
oped in  the  high-proBsure,  and  decreasins  the  power  developed  in  the  low- 
pressure  cylinder ;  this  leads  to  a  loss  of  power  in  the  engine,  and  one 
which  — at  any  rate  in  engines  with  cranks  at  right  angles— is  greater  the 
more  the  receiyer  capacity  exceeds  that  necessary  for  iree  passage  of  the 
steam. 


Ateaai  Porte  and  Paaaagpea.  —  The  areas  of  these  should  be  such 
that  the  mean  linear  velocity  of  the  steam  does  not  exceed  6,000  to  6,000  feet 
per  minute ;  hence,  if 

D  =  diameter  of  cylinder  in  inches, 

A  =  area  of  cylinaer  in  square  inches, 

a  =  area  of  port  or  passage  in  square  inches, 

S  =  piston-speed  in  feet  per  minute ; 

_  AS  _  r^8 
*~"  6.000  ~  7,630 
for  mean  yelocity  of  steam  6,000  feet  per  minute ; 

_  A^  __£^S 

^  "  5,000 "~  6,3i6 

for  mean  velocity  of  steam  6,000  feet  per  minute. 

The  lengths  of  the  steam  passages  between  the  cylinders  and  valves 
should  be  as  small  as  possible,  in  order  to  minimize  clearance  and  resist- 
ance to  flow  of  steam. 

Ck»ndeBa«rs 


Condensers  are  principally  of  two  types,  viz..  Jet  Condensers,  in  which 
the  steam  and  condensing  water  mix  in  a  common  vessel,  from  which  both 
are  pumped  by  the  air-pump ;  and  Surface  Condensers,  in  which  the  steam 
generally  passes  into  a  chamber  containing  a  number  of  brass  tubes,  throush 
which  the  condensing  water  is  made  to  circulate.  The  latter  form  is  usually 
adopted  where  water  is  bad,  as  it  enables  the  same  feed-water  to  be  passed 
tiirough  the  boiler  over  and  over  again. 

The  capacity  of  a  jet  condenser  should  not  be  less  than  ono-fourth  of  the 
low-pressure  cylinder,  but  need  not  exceed  one-half,  unless  the  engines  are 
Tery  quick  running ;  one-third  is  a  good  average  ratio.  Large  condensers 
require  more  time  for  forming  the  yacuum»  while  small  condensers  are 
llaole  to  flood  and  overflow  back  to  the  cylinders.  The  amount  of  condens- 
ing water  required  per  pound  of  steam  condensed  varies  with  the  tempera- 
ture of  the  exhaust,  of  tne  "  hot-well,'*  and  of  the  condensing  water.  (The 
*'  hot-well  *'  is  the  receptacle  into  which  the  air-pump  delivers  the  water 
from  the  condenser.)  The  feed-water  is  obtained  from  the  **  hot-well," 
which  should  be  maintained  at  110^  to  120°  F.  Sometimes  even  130°  F.  can  be 
obtained  with  care. 

The  amount  of  cooling  or  tube  surface  depends  upon  the  difference  be- 
tween the  temperature  of  the  exhaust  steam  and  the  average  temperature 
of  the  cooling  water,  and  on  the  thermal  conductivity  and  thickness  of  the 
metal  tubes.  For  copper  and  brass  tubes  in  good  condition  the  rate  of 
transmission  is  about  1,000  units  (equivalent  to  about  1  lb.  of  steam  con- 
densed) per  square  foot  per  1°  F.  difference  of  temperature  per  hour.  With 
the  hot-well  at  110°  ana  the  cooling  water  at  60°,  the  arerage  difference  is 
26°,  and  26  lbs.  of  steam  should  be  condensed  per  hour  per  square  foot.  In 
practice  allowance  must  be  made  for  the  workiiu^  conditions  of  the  tubes, 
and  half  the  above,  i.«.,  lib.  of  steam  per  1°  F.  difference  is  nearer  the  usual 
allowance ;  and  under  the  above  conditions  about  12JS  lbs.  of  steam  would  be 
condensed  per  square  foot  per  hour,  which  is  considered  very  fair  work. 

The  tubes  are  generally  of  brass,  rfo.  18  S.W.Q.  thick,  and  from  i  to  1  in. 
diameter,  aocorwbg  to  the  length  of  tbo  tubes ;  they  are  usually  |  in.  ia 
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diameter,  and  spaced  At  a  pitch  of  Uin.,  while  the  tnbe-platea.  wbiek  an 
also  of  \ixtLM,  are  U  to  1\  in.  thick  for  f  in  tubes.    The  length  of  the  tvbsi, 
when  uusapported  Detween  plates,  should  not  exceed  120  d^metors. 
If  H=  total  heat  of  1  lb.  of  exhaust  steam  in  B  T.U., 
t  =  temperature  F,°  of  hot-well, 
<j  =  temperature  F.®  of  cooling  water  on  entering, 
tt  =  temperature  F.^of  cooling  water  on  leaTlng, 
Oj  =  quantity  in  lbs.  of  cooling  water  per  lb  of  steam  for  Jet  eondeoMr 
O,  =  ditto  for  surface  condenser :  * 


t  =   .   ,  Zl    ^OT  Jet  condenaer, 


Q,- 


H—t 


\  -  «i* 

t  =  ff—  Q^  (t^  —  fj),  for  surface  condensers. 
N.B.  JT*— £=1,060  approximately. 
Values  of  Q.  and  Q^  for  different  temperatures  of  cooling  water,  when  Ez 
1150,  <=  110,  and  e,  =  100  in  case  of  Q,:  — 


Values  of  t^ 

• 

40 

60 

'    60 

70 

80 

«!.... 

15 

17 

21 

26 

36 

g,.  .  .  . 

17 

21 

26 

as 

62 

Area  of  injection  orifice  should  be  such  as  to  allow  a  velocity  of  flow  of 
water  not  exceeding  1,600  feet  per  minute.  It  is  better  to  hare  a  large  ori- 
fice and  to  control  the  flow  of  water  by  an  injection  valve. 

Area  of  orifice  in  square  inches. 

=  lbs.  water  per  minute  -r  660  to  750. 
=  area  of  piston  -7-  260. 

The  cooling  or  circulating  water  in  surface  condensers  should  travel  sone 
20  ft.  lineally  through  the  tubes.  In  small  condensers,  where  this  it  not 
convenient,  and  the  water  only  circulates  twice  through  short  tubes,  ths 
rate  of  flow  must  be  reduced. 

A  replenishing  cock  should  be  fitted  to  allow  of  the  pasaiwe  of  part  of  tiie 
circulating  water  into  the  air-pump  suction  to  provide  for  water  lost  ia 
drains,  blowing  off,  leakage,  etc.  This  may  have  one-tenth  the  area  of  tk« 
feed-pipe. 

A  cock  should  be  fitted  close  to  the  exhaust  inlet  for  introdncizig  eauslie 
soda  when  required  to  dissolve  grease  off  the  tubes. 

Assume  your  engine  to  require  20  pounds  of  steam  per  horse-power  per 
hour,  or  one-third  of  a  pound  per  minute,  and  to  exhaust  at  atmospheric 
pressure.  One  pound  of  steam  at  atmospheric  pressure  contains  1146.1  best 
units  above  32^.  One  pound  of  water  at  this  temperature  contains  approxi- 
mately 120  —  32  r=  88  heat  unite  above  32^,  so  that  to  change  a  pound  ol  steam 
at  atmospheric  pressure  into  water  at  120°,  we  should  have  to  take  from  it 
1146.1  —  88  =  1066.1  heat  units,  and  for  one-third  of  a  pound,  106«.l-=-3= 
362.7  heat  units.  Suppose  the  injection  water  to  be  00°.  In  heating  to  19IP 
each  pound  will  absorb  i4)proximately  60  heat  units,  so  that  it  woald  take 
362.7  -p  60  =  6.88  pounds  of  injection  water  per  minute  per  horseiiower 
under  the  assumed  conditions.  A  higher  terminal  pressure,  hl^er  tem- 
perature of  injection,  less  eificiency  in  the  engine,  or  lower  hot-weO 
temperature,  will  increase  this  figure. 

In  order  to  cover  all  conditions,  makers  and  dealers  figure  that  a  eoa- 
denser  should  be  able  to  supply  from  a  gallon  to  a  gallon  and  a  half  oi  In- 
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Jeotion  irater  per  minute  for  each  indicated  horse^wer  developed.  The 
capacity  of  a  sinfle-aoting  rertical  air-pump  Bhonld  be  from  one-tenth  to 
one-twelfth  that  of  the  cylinder;  of  a  double-aoting  horiaontal  pump,  from 
one-eixteenth  to  one-nineteenth. 

Ejector  OondeneerB  are  made  on  the  principle  of  steam  injectors  except 
that  the  action  is  reversed,  the  cooling  water  taking  the  place  of  the  steam 
in  the  injector,  and  the  eznaust  steam  that  of  the  xeed-water.  In  order  to 
ensure  their  successful  working,  the  coolinc  water  should  be  supplied  at  a 
head  of  16  feet  to  25  feet,  either  from  a  tank  abore  or  from  a  centrifugal  or 
other  pump.  The  amount  of  cooling  water  required  Is  about  the  same  as 
for  jet  condensing;  the  Tacuum  is  from  20  in.  to  25  in. 

Some  builders  of  ejector  condensers  advise  that  the  exhaust  pipe  from 
engine  be  carried  up  to  a  height  of  80  feet  above  the  level  of  condenser  dis- 
charge, then  drop  straight  to  condenser. 

Increased  momentum  of  the  steam  is  very  beneficial  to  a  vacuum. 

Thirty  feet  provides  an  ample  safeguard  against  water  flooding  the  engine 
cylinder. 

m«efor  Ck»Bdmuer  <}a|M»clti4 


Exhaust 

Water. 

Pipe 
Dia. 

Inlet. 

Outlet. 

^ 

1 
S 

1 
4 

3 

n 

2 

4 

8 

2| 

6 

H 

? 

6 

4 

9k 

7 

6 

4 

8 

6 

6 

10 

7 

6 

12 

8 

7 

14 

10 

9 

16 

11 

10 

18 

12 

12 

24 

p       •        • 

... 

Steam 

Condensed 

per  Hour, 

Lbs. 


200 

400 

800 

1,600 

2,000 

8,000 

4,000 

6,000 

8,000 

12,000 

20,000 

28,000 

86,000 

60,000 


Condensing 

Water  req. 

per  Hour, 

Gallons. 


660 

1,100 

2,200 

4,000 

5,600 

8,260 

11,000 

16,600 

22,000 

33,000 

66,000 

77,000 

99,000 

176,000 


Sultoble 

for 

Engines  of 


6-lOl.H.P. 

10-20  •' 

20-40  " 

85-70  " 

60-100  " 

76-160  " 

100-200 


it 


160-300  ** 

200400  ** 

30O-40O  " 

600-1,000  »» 

700-1,400  " 

1,000-2,000  " 

2,0004,000  *• 


This  type  of  condenser  finds  favor  in  large  electric  plants  which  are  situ- 
ated near  abundant  water  supplies.  An  example  of  this  is  the  Edison  Station 
of  the  Pablic  Service  Corporation  at  Paterson,  N.J.,  where  they  hare  been 
in  use  with  great  success  for  some  years. 

AJr-pninpa  are  used  to  draw  the  condensed  water  from  the  condenser  to 
the  hot-well,  tosether  with  the  air  orisinally  contained  in  the  water,  or 
which  mav  find  its  way  in  through  glands,  etc.,  and  with  jet  condensers 
they  also  draw  the  cooung  water.  A  cubic  foot  of  ordinary  water  contains 
about  .06  cubic  foot  of  air  at  atmospheric  pressure,  which  expands  in  the 
condenser  to  about  .4  cubic  foot  of  air :  hence  the  term  air-pump. 

The  efficiency  of  a  single-acting  air-pump  may  be  taken  at  .6  to  .4,  and 
generally  J^,  while  that  of  the  douole-acting  pump  may  be  Ji  to  .3,  say  .4  on 
average.    For  let  condensing,  the  volume  of  the  air-pump  should  be  theo- 
retically 1.4  times  the  volume  of  condensed -f  cooling  water;   for  good 
working  it  should  be  from  twice  to  thrice  that  required  By  theory.    Or  u 
V  =:  volume  of  condensed  water  per  minute  in  cubic  feet, 
F=  volume  of  cooling  water  per  minute  in  cubic  feet, 
n  =  number  of  strokes  (useful)  of  air^ump  per  minute, 
A  =  volume  of  air-pump  in  cubic  feet ; 


^=2.8 


=  3.6 


n 


for  single-acting  pumps, 
for  double-acting  pumps. 


Since,  for  surface  condensing,  the  air-pump  does  not  draw  the  cooling 
water,  and  as  the  feed-water,  being  used  over  again,  should  not  contain  so 
much  air,  it  would  appear  that  the  air-pump  might  be  much  smallei 
than  for  jet  condensing.  However,  surface  condensers  are  frequently 
arranged  for  use  as  jet  condensers  in  case  of  mishap,  and  with  surface  con- 
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detiBing  a  better  yacaum  is  expected,  cm>  that  for  sarfaee  eondeualns  tbe  atr- 
pamp  Is  only  sliffhtly  less  than  for  Jet  eondenslng.  In  actual  practice  tbc 
air-pump  is  made  from  oue-tentn  to  one-tweuty-flfth  the  capacity  of 
the  low-pressure  cylinder,  according  to  the  number  of  exfMUisIoiis  'sad 
nature  of  condenser,  while  a  comparison  of  a  number  of  marine  ^^ng***^  by 
different  makers  shows  a  ratio  of  one-sixteenth  to  one  twenty-first. 

If  expansion  Joints  are  used  in  the  exhaust  pipe,  a  copper  bellows  Joist  if 
better  than  the  ordinary  gland  and  stuffing-box  type,  wroAgh  wliich  air  ii 
apt  to  leak. 

Air-pump  yalves  should  hare  sufficient  area  that  the  full  quantity  of  eooi- 
ing  and  condensed  water  in  jet  condensation  in  paasins  does  not  exceed  i 
Telocity  of  400  feet  per  minute ;  in  practice  the  area  is  larger  than  this.  A 
larffe  number  of  small  valves  is  perhaps  better  than  one  or  two  large  Talvei 
which  are  sluggish,  owing  to  their  inertia.  The  clearance  8pac«  betweas 
head  and  foot  yalves  should  not  exoeed  one-fifteenth  the  oapsoity  of  the 
pump  as  ordinarily  constructed. 

If  a  =  area  through  foot  valves  in  square  inches, 
a«  =  area  through  head  valves  in  square  inches, 
a  ^  diameter  of  discharge  pipe  in  inches, 
D  =  diameter  of  the  air-pump  in  inches, 
S  =  speed  (useful)  in  feet  per  minute  ; 

If  there  be  no  air  vessel  or  receiver,  d  should  be  10  per  cent  largw. 

An  air-pipe  should  be  fitted  to  the  hot-well  one-fourth  Che  dlamster  of 
the  discharge  pipe. 

Clrcwl»tlar  P«mps. — The  size  of  these  depend  chiefly  on  condltiaas 
*mentioned  for  air-pumps,  and  thev  may  bear  a  constant  reUUion  to  the  air* 
pump  as  to  size,  or  to  the  L.P.  cylinders. 

Air-pump,  drcuiating  Pump,  ibiMo. 

Single  acting  Single  acting  .6 

Single  acting  Double  acting  .31 

Double  acting  Double  acting  JS8 

or  if  r=:  volume  of  coollntf  water  in  cubic  feet  per  minute, 
8=  length  of  stroke  ui  feet, 
n=  number  of  strokes  (useful)  per  minute, 
C=  capacity  of  pump  in  cubic  feet, 
Z)=  diameter  of  pump  in  inches ; 

Circulating  pump  valves  should  be  of  sufficient  area  so  that  the  mesa  velo- 
oity  of  flow  does  not  exceed  3  or  4  feet  per  sec.    High  velocities  tend  to 
wear  out  the  valves,  and  cause  undue  resistance  in  the  pump.     In  the  sse- 
tion  and  delivery  pipes  the  velocity  should  not  exceed  oOO  feet  per  minsts, 
or  for  large  and  easy  leads  600  feet  per  minute.    Better  results,  hovev«r, 
will  be  obtained  by  using  larger  pipes,  so  as  to  reduce  the  velocity,  evo' 
dally  if  the  pipes  are  long.    For  single-acting  pumps  the  suction  may  K 
smailer  than  the  delivery,  if  the  pump  be  below  the  water-level. 
If  a  =  minimum  area  through  valves  in  square  inohes, 
d  =  minimum  diameter  of  pipe  In  Inches, 
A  =  area  of  pump  In  square  Inohes, 
Z>  =  diameter  of  pump  In  Inches, 
S  =  mean  speed  (usenil)  of  pump  in  feet  per  minvts ; 

AS  .      Z)V5 

•=180'  **  =  T» 

where  X  varies  from  22  for  small  pumps  to  26  for  large  pumps,  while  tat  tt» 
suction  of  single-acting  pumps  it  may  oe  27. 

Air  chambers  should  always  be  fitted,  which  for  slngle-actlnft  pumps  maj 
be  twice  the  capacity  of  the  pump.    An  air-pipe  should  be  fitted  to  the 
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highest  points  of  the  water  passages  for  escape  of  a!r  to  enable  the  con- 
denser and  pipes  to  run  full.  If  the  speed  of  the  circulating  pump  cannot  bs 
raried  independently,  it  is  advisable  to  fit  a  water  valve  between  the  two  ends 
of  the  pomp,  so  that  the  discharge  may  be  varied  to  suit  the  requirements. 

Strainers  should  be  fitted  to  the  inlet  of  the  suction  pipe,  and  the  aggre- 
gate area  of  the  passages  should  be  from  two  to  four  times  the  area  ofthe 
pipe,  according  to  the  Telocity  of  flow  in  the  pipe.  Owing  to  difficulty 
experienced  in'  cleaning  strainers  when  under  water,  they  are  sometimes 
fixed  in  a  cast-iron  vessel  near  the  suction  entrances  to  the  pump,  with  a 
door  arranged  in  some  convenient  position  for  cleaning. 

Foot  ValTe.-*  When  the  water  level  is  below  that  of  the  pump,  a  foot 
Talve  should  be  fitted  luat  above  the  surface  of  the  water.  A  door  should 
be  provided  for  examining  the  valve  without  disturbing  the  suotion  pipe, 
or  an  air  ejector  may  be  used  to  charge  the  pump. 


On  Angust  2, 1888,  during  a  run  from  7  a.m.  till  12  midnight,  from  the 
daily  reoords,  the  following  data  is  reported  by  Vail,  A.3.M.E.  Trans.  Vol.  20. 

Maximum.      Minlmom. 

Temperatnre,  atmosphere 108*  88* 

Temperature,  condenser  discharge  to  tower    •    .    .  128*  108* 

Temperature,  condenser  suction 96*  91* 

Degrees  of  heat  extracted,  throuffh  tower    ...  82*  21* 

Speed  of  fans,  revolutions  per  mmute 100  140 

Vacuum  at  condenser      26  20 

Strokes  of  condenser  pump 60  88 

Pounds,  boiler  feed      121  100 

Temperature,  boiler  feed 212*  200* 

Engine,  horse-power  developed 900  H.P.  400H.P. 

A  continuous  heavy  load  was  carried  during  the  entire  17  hours'  run. 
This  was  not  a  test  record,  but  simply  daily  service. 

Another  day,  November  5,1886,  from  a  20  and  36X  42  tandem  compound 
condensing  Corliss  engine^  the  conditions  were  as  follows  : 

Engine  reyolutlons 120permin. 

Steam  pressure      112 

Vacuum  at  condenser 25 

The  area  of  the  cards  shows  the  work  done  in  high  pres- 

■ore  eyllnder  to  be 811.8  H.P. 

And  in  low-pressure  cylinder  to  be 331.5  H.P. 

Total 643.3  H.P. 

Work  done  !n  low-pressure  cylinder  below  atmospheric  line  185.1  hors» 
power.  Simultaneously  with  the  ensine,  the  pump  and  fan  engines  were 
indicated*    Tower  usea  was  Barnard  Type  of  Cooling  Tower. 

The  work  done  by  the  pump 13.75  H.P 

The  work  done  by  the  fan  engines 13.5  H.P 

Total  external  work ^.25! 

23.6  LH.P.  of  Engine  per  I. H.P.  of  Pump  and  Fans. 
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Nearly  all  oonimeroially  BQCcessful  sag  englnei  are  those  In  wbldi  fht 
cvde  of  operation  is  that  proposed  ana  patented  by  M.  Be&n  de  Boehts,  Sb 
^ance  in  18fl2. 

He  states  as  neoessary  to  economy  with  an  explosion  engine  four  ecnadi- 
tions : 

1.  The  greatest  possible  oy Under  volume  iritii  the  least  possible  oooUb| 
surface. 

2.  The  greatest  possible  rapidity  of  expansion,  or  piston  speed. 

3.  The  greatest  possible  expansion :  and 

4.  The  greatest  possible  pressure  at  the  commencement  of  the 
From  the  above  Bean  de  Bochas  reasoned  these  operations  : 

a.  Suction  during  an  entire  outstroke  of  the  piston. 

b.  Compression  durinff  the  following  instroke. 

c.  Lpition  at  the  deaa  point  and  expansion  during  the  third  stroke. 

d.  Foroine  out  of  the  burned  gases  fkt>m  the  eyfinder  on  the  fosrtk 

and  last  return  stroke. 
H«  proposed  to  accomplish  ignition  by  increase  of  temperature  diM  tD 
compression. 
The  otto  engine  uses  the  above  cycle  and  flame  ignition. 


Gas  engines  may  be  classified  in  accordance  with  the  prlnoiploa  of  tks 
cycle  of  operations: 

1.  Explosion  of  gases  without  compression. 

2.  Explosion  of  gsses  with  compression. 

3.  Combustion  m  gases  with  compression. 

4.  Atmospheric  motors. 

Aocording  to  the  gas  used  they  may  be  clanifled  thus :— 

A.  Coal  gas. 

B.  Carburetted  sas. 

C.  Producer  or  Dowson  gas. 

The  methods  of  igniting  the  charge  are 
/.  Electrical  arc. 

?.  Flame. 
.  Incandescence, 
fit.  Chemical  or  catalytic  action. 
The  Otto  enffine  is  a  good  example  of  flame  ignition. 
Diameter  of  gas  main  from  meter  to  engine  should  be  dla:=  j087  Bnki 
H.P. -4-0.79  inches. 

Atmospheric  air  is  the  working  fluid  of  all  gas  engines  and  the  foel  wkkk 
heats  it  U  inflammable  gas. 

The  air  and  gas  are  mixed  thoroughly  before  passing  Into  the  cylinder 
Itoelf. 

**  More  wasteful  of  fuel  than  f our-«ycle  engine.  Back- 
firing, or  premature  explosion  of  gju  and  air  nix- 
ture.   Used  in  large  power  units,  with  blast  fumafls 
gas. 
More  readily  governed  than  two  cycle. 
Ko  pumps. 

Ko  inclosed  crank  chambers. 
Must  be  built  heavy  in  comparison  with  power  pi^ 

duced. 
Heavy  flywheels. 

There  is  but  little  difference  between  gas  and  gasoline  engines,  the  nsia 
difference  being  a  special  fltting  to  supply  the  oilin  the  form  of  a  vapw  or 
atomized  spray. 

Gasoline  beius  richer  than  gas,  by  its  use  a  much  larger  H.P.  can  be  o^ 
talned  from  a  given  size  of  engine. 

The  theoretical  efficiency  of  a  gas  engine  is  about  three  times  greater  thas 
that  of  a  steam  engine. 

Contrary  to  steam  engine  experience,  when  underloaded  it  Is  a  eorapsrar 
tively  efficient  heat  en^ne. 

•  W.  W.  Christie. 


Two-cycle  engine. 


Four-cycle  engine.  < 


GAS  BNGINES.  1449 

The  hli^Mt  raecffded  eflloienoy  Is  the  oonsmnptloii  of  8000  B.T.U.'s  p«r 
Brake  Hlr.,  or  a  thermal  effloieocy  of  81.76  per  cent.  QoTeming  is  not  quite 
aa  easily  aooomplished  under  quiokly  varyins  loads,  as  in  the  steam  englnet 
althongn  late  models  leave  little  to  oe  desired. 

In  general,  governing  is  aooomplished  by  three  methods :  (1)  the  hlt-and* 
miss,  where  the  gas  Tslve  is  oloeed  during  one  or  more  reyolutions  of  the 
engine :  (2)  by  yarying  the  mixture  of  air  and  sas  in  the  OTlinder,  thereby 
prodncing  explosions  of  greater  or  less  pressure  intensity ;  (S)  adyanoing  or 
retarding  the  point  of  Isution. 

The  average  mixture  Is  i  part  of  gas  to  8  to  12  parts  of  air  in  a  gas  engine. 

Gas  engines  can  be  run  sucoessf uTly  and  vfith  a  fair  degree  of  econofiiy  to 
within  3  or  4  per  cent  of  their  normal  rating. 

B.  A.  Thwaite  says  the  "  lean  gases  of  low  calorific  power,  such  as  are 
obtainable  as  a  by-product  of  the  manufacture  of  iron,  are  tne  very  ones 
which  enable  the  nighest  efficiency  to  be  secured  in  internal-combustion 
engines." 

A  gas  rich  in  thermal  units  enables  a  larger  power  to  be  derived  from  a 
given  engine  than  can  be  obtained  by  the  use  of  a  lean  gas. 

Less  air  is  required  to  mix  with  lean  gas,  and  a  mgher  compression  is 
reached,  for  the  mixture  has  a  higher  imition  point  than  rich  gas  mixtures. 

High  compression  conduces  to  hlsh  emciency. 

Compression  varies  inversely  as  tne  calorific  value  of  the  gas,  high  for  a 
lean  gas,  and  vice-versa. 

For  natural  gas  the  compression  displacement  is  made  about  30  per  oent 
of  piston  displacement. 

Water  for  cylinder  lacket  should  fiow  through  at  a  rate  of  4  to  5  gaUoos 

»r  H.P.  per  hour ;  best  conditions  are  when  Jacket  water  removes  4000 

.T.U.  per  H.P.  per  hour. 

Best  piston  speed  is  about  OOO'  per  minute. 

Lbs.  of  Coal 
Pfur  Brake 
H^.per 
Annum. 


E 


Steam  engine  plant— simple  non-condensing 
Steam  engine  plant  —  compound  condensing 
Gas  engine  plant  with  producer  gas     •    .    • 


11,200 
6,400 
8,000 


Per  Cent. 

Thermal  efficiency  simple  non-condensing  plant 6  J( 

Thermal  ^ndenoy  compound  condensing  plant 9.7 

Thermal  efficiency  gas  engine  plant  using  producer  gas  .    .    20J 
Thermal  efficiency  gas  engine  plant  using  waste  blast  fur- 
nace gas     23  J( 

The  standard  gas  is  the  natural  gas  of  western  Pennsylvania,  whose  ealo- 
rifle  value  Is  about  1000  B.T.U.'s  per  cubic  foot. 
Ordinary  illuminating  gas  has  760  B.T.U's.  per  cubic  foot. 
Producer  gas  may  be  as  low  as  120-130  B.T.U.'s  per  cubic  foot. 
OoiisuraptTon  of  gas  or  gasoline  by  engines  Is,  conservatively: 

Natural  gas       10-12cu.  ft.  per  Br.  H.P.  nour. 

Illuminating  gas 18-20  cu.  ft.  per  Br.  H JE*.  hour. 

Commercial  Tl^'  gasoline   .    .    |-4  gallon  per  H.P.  hour. 
Gas  engines  operate  on,  Bay,!^  lbs.  of  good  anthracite  or  bituminous  ooal, 
approximately,  in  some  cases  as  low  as  I  lb.  anthracite  or  bituminous  ooal. 
Gas  generated  from  wood  in  Riche's  retort,  according  to  James  M,  K<iil, 
has  a  wdoriflopower  of  3029  calories  per  cubic  meter,  or : 
840.8  B.T.U.  per  cubic  foot  \ ,   ^        m  ^^ 

824.6  B.T.U.  per  cubic  foot  {  "  8*^®"  '°^  ^*^^  «"• 
690jO  B.T.ir.  per  cubic  foot  is  given  for  coal  gas. 
1  ton  of  wood  produces  25,000  cu.  ft.  of  gas  and  400  lbs.  charcoal,  and  eonts 
14  eents  per  1000  on.  ft.  with  wood  at  08.00  a  ton,  neglecting  in  this  ealeula- 
tlon  the  oharooaL 
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Mr.  T.  Fftlrly,  Leeds,  England,  glTee  tlte  heating  power  of  eoal  gas  • 
■ponding  to  Ifgntlng  powers  as  follows:  no  oorrection  being  made  for  tbe 
condensation  of  the  steam  produced  by  the  oombustion  of  hydrogen. 

Lighting  power :  — 

O.P.  U  12  13  14  15  16  17  18 

B.T.X7.       633        666        678        001        (»4        <M8        678        7M 


Valve  of  Cosil  C^ae  of  I^llTeroBt  Cfia<lo 


•uroca  for 


(C.  Hunt.) 


Consumption 

Belatlye  Value 

Belatlre  Value 

Candle  Power. 

Cubic  Feet  per 

for  Motiye 

for 

LHJP. 

Power. 

Lighting. 

11.96 

80.31 

1.000 

1.000 

16.00 

24.41 

1.241 

1:254 

17.20 

22.70 

1.336 

1.438 

22.86 

17.73 

1.700 

ijno 

26.0a 

16.26 

1.864 

2.173 

28.14 

16.00 

2.020 

8.496 

C^aa  fiagrtme  Power  Plaat* 

Lackawanna  Steel  Co.,  Buffalo,  N.T.,  usee  Blast  Furnace  Gases. 

8-1000  H  JP.  Gas  Engines  in  plaoe,  1908.  Ii6-2000  H.P.  Gas  Engines  to  go  is 
later. 

Electric  Generating  plant  consists  of : 

6-600  K.W.  3  phase,  26  cycle,  440  Tolt  machines.    (Gen.  Elee.  Co.) 

4-600  K.W.  260  volt,  direct  current  machines.    (Sprague.) 

Eight  of  the  above  are  direct  connected  to  horizontal,  duplex,  2  eydSi 
double-acting,  Korting  Gas  Engines. 

One  is  direct  connected  to  a  1000  H.P.  Porter-Allen  steam  engine. 

Engines  use  the  waste  gas  from  the  furnaces. 

By  volume :  00, 24% ;  CO,,  12% :  N,  60% ;  H,  2« :  CBL,  2%. 
CaloriHc  Power,  90  B.T.U.'s  per  cubic  fool. 

The  steam  boilers  in  this  plant  are  260  H.P.  Vertical  Cahall  BoUen;  41 
have  Boney  Stokers,  others  are  gas  fired. 

They  each  have  a  two-part  cylindrical  monitor  on  the  roof  of  the  boflsr 
house,  that  is  easily  removed,  enabling  rapid  and  easy  cleaning  of  tubes. 
"  Power,"  Dec.,  1903. 

C^aa  Baglae  Paasplng*  nasi  Teat. 

MIdvale,  If  .jr.  Triplex  pump  driven  by  a  6  HJ*.  gasoline  engLM, 
7th  trial.  Discharge  163  gallons  per  minute.  Lift,  66  ft.  total.  Used 64 gal- 
lons of  gasoline  or  0.312  gallons  per  H.P.  hour. 

C^reeaaborg',  fad.  Triplex  pump  driven  by  a  6  H.P.  crude  oil  engiae 
(Indianapolis,  Ind.,  Eng.  Co.),  9th  trial.  Discharge  184  gallons  per  minate, 
total  lift  81.3  feet.  Montpelier  Crude  Oil,  2  cents  a  gallon  —0.47  gallons  par 
H.P.hour.    (Eng.  Bee.  V.  38, 608.) 

Coat  of  Xilftlar  ^ITater. 

With  gas  at  22|  cents  per  1000  ft.  One  H.P.  for  3000  hours,  with  a  gas  ea- 
gineat,— 

wilmerding,  Pa. •9JS8 

Pitcalm,Pa 10.99 

B.  Pittsburg,  Pa. 12.70— |  load  on  during  test 

(Eng.  Bee.  V.  SB,  897.) 
The  Heat  Baofgy  tnim  bnmlog  gas  Is  dlspoead  ox  tai  the  Otto  gss 
tngine  as  follows : 
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1.  AiOtnal  work  and  friotion  ••••• 17  percent. 

2.  Hot  expelled  gases •••   15(  per  cent. 

8.  Water  jacket r...«62  percent. 

4.  Gondootlon  and  radiation •   15|  per  cent. 


KMylme  JPwMplac  IPlaat. 


Pittsbore  Plate  aiass   Co.,  Ford  City,  Pa.,  uses  natural  gaa  of  1000 
B.T.U.'s,  obtained  on  the  premises. 

£ach  ptunping  unit  of  six  units  (6  now  In  —1903)  consists  of : 
One  11"  X  1^'  —  3  cjl.  Westinghouse  Vertical  Gas  Engine  direct 

Seared  to  a  lO''  x  Vy  single  acting  triplex  pomp.  Still well-Bierce 
f  Smitb-Yaile  Go. 
Compressed  air  is  used  to  start  the  engines,  beintf  tanked  In  8  steel 
storage  tanks  for  this  purpose.    A  3  H^P.  electric  motor  sup- 
plies this  air  at  180  lbs.  pressure. 
Total  head  pumped  against,  215  ft. 
Gallons  per  minute,  1101. 
Total  cost  per  million  gallons,  97.02. 
Steam  plant  doing  same  work  cost  $1,700  per  month  (average)  for 

fuel  alone. 
Gas  method  cost  $ViO  per  month  for  fuel  alone. 
Vail  test  and  diagram  of  engine  efficiency  in  "  Power,"  Dec.,  1908,  p.  708. 

Steam  turbines,  machines  in  which  jets  of  steam  striking  yanes  or  buoketB 
at  a  high  velocity,  are  used  as  a  motive  power,  may  be  classified  thus : 

l.K«Ualflow.    .    .    .{g?^:^ 

C  I>e  LavaL 

2.  Parallel  or  axial  flow  i  IJ^SSm!* 

t  Curtis. 
8.  Mixed  flow. 

If  steam  at  a  high  pressure  be  allowed  to  escape  through  a  suitably  de- 
signed diverging  nozzle  into  a  lower  pressure,  a  large  proportion  of  its  heat 
energy  will  be  converted  into  kinetic  energy,  and  the  steam  will  expand 
adlabatlcally  to  the  pressure  of  the  medium  or  fluid  into  which  it  is  discharged. 

There  is  a  wide  dliference  between  steam  turbines  and  water  turbines,  for 
the  nozzle  velocity  of  steam  is,  say,  2,000  feet  per  second  against  96  feet  for 
water. 

Then  again,  1  cubic  foot  of  water  gives  the  same  amount  of  kinetic  energy 
as  1  cubic  foot  of  steam  at  60  lbs.  pressure. 

The  efficiencies  of  all  tyi>es  depend  very  largely  upon  the  terminal  press- 
ure at  the  exhaust  end,  and  likewise  on  the  completeness  of  the  vacuum, 
where  condensers  are  used ;  which  accords  vrith  reciprocating  steam*engine 
practice. 

The  absence  of  lubrication  in  the  internal  or  steam  spaces,  permits  the  use 
of  condensation  and  return  of  all  water  of  condensation  to  the  boilers. 

Both  the  above  factors,  as  well  as  the  use  of  superheated  steam,  assist  In 
securing  the  hish  efficiencies  already  obtained  with  this  motor. 

Expenence  shows  that  water  carried  over  from  the  boiler  does  no  harm  in 
them. 

One  point  which  is  made  in  their  favor.  Is,  no  boiler  scale  when  the  same 
feed  water  Is  used  continuously.  In  that  event,  boilers  may  suffer  even  more 
seriously  from  corrosion  from  the  water  being  too  pure,  unless  raw  water  is 
added  from  time  to  time  to  neutralize  the  corrosive  tendency. 

The  steam  turbine  has  opened  up  a  field  of  usefidness  all  its  own ;  for 

•  W.  W.  Christie. 


ample,  ths  drivitig  of  iMUtiUdgft)  piudh,  where  In  reelprooatliic  anslBa  pnfr 
tJca  great  enoleno;  vaa  only  obtained  with  low  beadB,  turbine  efflelmcf  u 
laBlnWIned  even  at  rerj  great  bead.  While  lued  alio  to  ilriTe  tua.  yn^ 
abl;  the  greateat  Held  op«n  to  nteam  turblnea  b  the  dtlvlDg  of  eleetiie  taa- 
aton,  direct-connected  or  direct-geared. 


I    Rtcana   TarttlMi. 


In  thla  t^pe  the  total  power  of  the  Atieaiu  li  devoted  to  the  prodDctiiMi  U 
TelocItT  In  an  eipaudlnK  noule. 

The  jet  HO  prodoflod  !e  drlTcn  agalni 
IngenlouAlf  supported  and  ran  at  a  ve 
lelooltT  of  teeib  in  this  type  being  abr 
■  J 10  to  I. 


a  Ungle  wbteL 
ipeed.  the  hnal 


inllee. 

Super- 

Load 

with 

Bteam. 

Load 
Steam. 

Dry  Steam 
UMdper 

Brake  H. P. 
with  Sat. 

IS 

De«.F. 

HJ. 

H,P. 

Lb>. 

Lbt 

% 

Eight 

M 

393 

333 

IS.M 

15.17 

u 

8eTen 

«t 

298 

28B 

MJB 

iBJia 

'* 

gave  wllh  auperheated  at 
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Nnmbor  of  Nossles  Open,  Eight  (8). 
Arerage  Beading  of  Barometer,  30.18  in. 
Average  Temperature  of  Room,  83°  F. 


« 
•I 


May  22 


I 


A.M. 

8-9 

9-10 

10-11 

11-12 

f.  P.M, 

12-1 
1-2 


i 


OQ 


O 


4,833 

4,936 
5,063 
4,976 

4,841 
4,768 


m 


208.3 
207  JS 
207.7 
208.3 

207.6 
206.9 


I 


s 
0  ►  « 


200.6 
189.3 
202.1 
199.4 

194.3 
195.6 


s 

> 


27.2 
27.2 
27.2 
27.2 

27.3 
27.2 


III 


81oP. 
86°  F. 
91°  P. 
88®  F. 

820P. 
76°  F. 


^  I 
^  I 


•  •  « 

»  •  • 

•  •  • 

•  •  • 

•  •  • 


o 


366.6 
366.7 
367.8 
354.1 

343  JS 
344.4 


13JS6 
13.88 
14.21 
14.06 

14.00 
13.84 


Gk>Ternlng  is  accomplished  by  regulating  the  steam  pressure  at  admission 
in  much  the  same  way  as  in  reciprocating  steam  engines. 


■a   •«•! 


In  the  Parsons  turbine  the  steam,  after  leaving  the  governor  valve,  enters 
a  steam  passage  and  turns  to  the  right,  first  passing  a  stationary  set  of  blades, 
then  the  blades  of  a  revolving  cylinder ;  this  operation  is  repeated  a  number 
of  times,  the  steam  moving  in  an  axial  direction  until  it  has  reached  the 


FIXED 

MOVINQ. 
FIXED 


Fig.  22.    Vanes,  Westinghouse-Parsons  Turbine. 

other  end  of  the  turbine,  when  it  is  exhausted,  sometimes  at  as  low  a  tem- 
perature as  l^eP  P. 

The  steam  velocity  is  not  as  great  in  this  type  afe  it  is  in  the  De  Laval. 

Fig.  23  shows  the  relative  floor  space  occupied  by  Westinghouse-Parsons* 
turbines,  vertical  and  horizontal  steam  engines. 
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Iiuiertert 

QoTsniliiB  I«  HwompUihed  by  ragnlatlng  tb*  iMam  at  lulst  u  In  otlii 
trpss  of  •wrinM. 

k  «»  E.W.  Tnibiiw  DTS  a  sleam  Miuuraptlon  ot  14.41  f  nU  load  to  IS  lb 
at  halt  rating,  19  Itn.  atone-qDHner  ratliiE.    All  per  brake  U.P. 

The  tnrblne  at  Haitford,  avaiaoe  load,  1800  K.W.,  106  lb«.  ■!«•«  preHur 
27  tneh  lacaom,  45°  F.  enperbest,  gate  18.1  lb*,  ol  ■team  par  K.V.  boui 
equal  to  about  11.48  per  I.U.P.  hour. 

C^rtla  HMiitai  T«rkla«i. 
In  tbe  Onrtl*  Steam  Tarblne  the  Tolooltj  li  given  to  tha  gCaam  Id  ■ 
flxpaodlng  Donia,  deatgned  ■»  ■■  l«  ooQTect  naarlf  all  ot  the  ■taiuii 
eipaostTe  toroe  Into  Telooltj  in  IIhU. 
SJEAMCHOT 


LeaTlng  tbs  nonl 
tba  tied  element. 


'O  or  mote  Unea  of 
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Qorernlng  Is  «ffect«d  by  cloelng  or  opening  lome  of  tha  nonk  tsIto, 
thaiDurowlnior  vldsnioK  tbeaUAin  bell. 

Bpaed  recniulon  <>  2  M  4%. 

RsTOlaUont  per  minnM  of  BOO  K.W.  machine  !■  IfiOO. 

Velocltj  of  Btesm  IwTlng  tbe  jet  la  2000  ft.  per  ■econd. 

Cainpared  with  large  engine  outfit!  In  ManbnlUn  Rmllwrnr  Compuit't 
New  Tork  Power Pluit— the  wsighCg  of  CurUi  l«  U>  weight  of  Beclproai^ 


Fia.lt. 

■log  Crpela  nenftlly  designed  for  IBDIlM.  gauge  iteun  prewnn. 

I  or28  lncb»  of  msrcury  at  sen  le*Bl. 

I  oondltlons  normal  OTeiload  may  be  100%. 

different  for  dltTerent  prseiarea  of  Iteam. 

j,„..nDwbelngbiii1t  wlthacondeuerln  Ita  baae,  tberebTMCnrtnt 

fewer  lolnUi  uid  conneotlona  and  »  better  caenani.  reenltlng  In  a  iUabt 
bioreue  In  the  belght  of  Che  nacblne. 
A  Tertloal  ihatt  and  giep  bearing  are  tipleal  of  Che  Curtli  tnrblB*, 
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larger  litei,  kud  Ihooih  b«liiK  lubrloalwl  wich  all,  siperimsnti  u-t  dot 
balag  curled  out,  hanng  in  View  the  lue  of  vater  Id  place  ot  the  oU  u 
a  flasElDg  medium,  tban  itaun  puUug  ol  (Mm  will  ba  mToided,  sod  uo 
oil  be  OflH  Id  oondemer  proper^ 

ThU  table  glyta  looie  Idea  el  tha  proportloiu  of  tlia  Ouitli  TorblDea,  aod 
la  taken  from  a  paper  bj  A.  H.  Kmeel. 
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Fio.  3r.    Odttm  ShowlDC  tbe  Relatlnn  of  Foandation  Material  to 
Horie-Pawer. 

The  Bateaa  type  is  Kimewhat  similar  to  tbe  Da  LaTal,  except  tbat  tbe 
eoublnatlona  of  Donlee  uid  elngle  wheal  1>  repeated  insDy  timet,  with  leu 
•rpuialon  thao  io  the  older  torblDn. 

In  Diaklng  oomparliOD*  with  other  typoa  of  anglneB,  It  li  fonnd  that  for 
■team  torbCiea.  the  STamce  weight  of  (he  machiae  in  Iba.  per  Brake  H.P. 
to  ta  Iba.,  agalnit  4BS  for  gag  onglii™.  ,  ^        . 

Abont^  tame  ratloror  1  to  3,  appllea  to  reolproeatlDg  Bteam  eDglnea. 
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A  handy  rule  for  approximately  determining  the  outflow  of  the  steam  ia 
the  following : 

If  the  absolute  steam  pressure  at  the  inlet  end  of  the  orifice  is  p  at- 

f  kgiiletm  win  flow  throoi^  ••eh  mm.*  of  th«  gmaUest  teotion 

.    of  tiMorlfl^^perhour. 

Tho  aboTv  oompanjr  hara  in  many  trials  demonatrated  this  to  ha  trae 
within  fl^  p«r  •cut. 
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WATBR-POWBR.  ! 

IH  detormlninff  the  feasibility  of  utilizing  water-power  to  operate  elecsn-  ; 
oally  the  indostnes  of  any  partioular  town  or  city,  careful  oonflideraifcx  i 
most  be  giyen  to  the  following  points,  viz. :  1.  The  amount  of  iraterjiomr  | 
permanently  available.  2.  The  cost  of  developing  this  power.  3.  Tm  te- 
terest  on  this  amount.  4.  The  total  demand  for  power.  5.  Tlia  judobM 
and  relative  locations  of  the  various  kinds  of  power.  6.  The  cost  of  stesa 
plants  now  in  operation.  7.  The  interest  on  this  amount.  8.  Ckwt  of  fsri 
for  plants  now  in  operation.  9.  Ck)st  of  operating  present  plants.  Lato. 
10.  Oost  of  maintenance  of  present  plants.  11.  The  amounts  and  kinds  ^ 
electric  power  already  In  operation.  12.  The  distance  of  tnuiamissioe. 
13.  The  estimated  oost  of  the  hydraulic  machinery.  14.  The  giuuraateed 
efficiency  and  r^^lation  of  the  hydraulic  machinery.  15.  Estimated  eostof 
electric  machinery.  16.  Estimated  costof  line  construction.  17.  Total  cost 
of  operating  hydraulic  and  electric  machlnerv.  18.  Total  cost  of  malatc^ 
nance  of  hydraulic  and  electric  plants.  19.  The  interest  on  the  total  eati* 
mated  cost  of  proposed  plant.    20.  The  estimated  gross  income. 

Charles  T.  Main  makes  the  following  general  statements  as  to  the  Talne 
of  a  water-power :  '*  The  value  of  an  undeveloped  variable  power  is  asuaOy 
nothing  if  its  variation  is  great,  unless  it  is  to  oe  supplemented  hf  a  stess' 
plant.  It  is  of  value  tiien  only  when  the  cost  per  horse-power  for  tne  doobk- 
plant  is  less  than  the  cost  of  steam-power  under  the  same  conditions  si 
mentioned  for  a  permanent  power,  and  its  value  can  bo  represented  in  tbs 
same  manner  as  the  value  of  a  permanent  power  has  been  represented. 

**  The  value  of  a  developed  power  is  as  follows  :  If  the  power  can  be  ma 
cheaper  than  steam,  the  value  is  that  of  the  power,  plus  the  cost  of  plaat, 
less  depreciation.  If  it  cannot  be  run  as  cheaply  as  steam.  consideriQg  iu 
cost,  etc.,  the  value  of  the  power  itself  is  nothing,  but  the  value  of  tbeplut 
is  such  as  could  be  paid  for  it  new,  which  would  bring  the  total  cost  of  run- 
ning down  to  the  cost  of  steam-power,  less  depreciation.*' 

Mr.  Samuel  Webber.  Iron  Age.  Feb.  and  March,  1893,  criticises  the  Btate> 
ments  of  Mr.  Main  and  others  who  have  made  comparisons  of  costs  of  steaa 
and  of  water-power  unfavorable  to  the  latter.  He  says  :  "  They  have  bated 
their  calculations  on  the  cost  of  steam,  on  large  compound  exiigines  of  lOOl 
or  more  h.  p.  and  190  pounds  pressure  of  steam  m  their  boilers,  and  by  ears* 
f ul  10-hour  trials  succeeded  in  figuring  down  steam  to  a  cost  of  about  |9I 
per  h.  p.,  ignoring  the  well-known  fact  that  its  average  cost  in  practical  use, 
except  near  the  coal  mines,  is  from  940  to  $60.  In  many  Instances  dans, 
canals,  and  modem  turbines  can  be  all  completed  at  a  oost  of  9100  per  h.  p.; 
and  the  interest  on  that,  and  the  cost  of  attendance  and  oQ,  will  bzuf 
water-power  up  to  but  about  910  or  912  per  annum ;  and  with  a  man  oon^s- 
tent  to  attend  the  dynamo  in  attendance,  it  can  probably  be  safely  estimated 
at  not  over  916  per  h.  p. 

^frATnit-.povrsift  ipropkmxy. 

Oeographical,  eto. 
Sketch  of  river  and  its  tributaries. 
Surrounding  country  and  physical  features. 
Sources ;  laxes,  sprixiffs,  etc. 

Water's  head:  area  drained,  nature  of,  whether  forest,  swamp,  snow 
covered  mountains,  eto. 
Elevation  of  head  waters  and  of  mouth. 
Length  from  main  source  to  mouth. 
Accessibility ;  how  and  by  what  routes. 


Reports  of  U.  S.  Ck>ast  or  Qeological  Survey. 

Reports  of  Bngineers  U.  S.  Army. 

Any  other  reports. 

Any  estimate  by  engineers  and  for  what  purpose. 

When  it  first  attracted  attention  and  for  what  reas<m. 

History. 
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Arerago  for  sereral  years  for  the  dralnaffe  area.    BCazlmum.  what  monilk 
Blinlmum,  what  month.    Comparison  with  other  similar  looalltiea. 


VoloBi*  of  ITaier. 

Gauging  of  river  if  possible.    Reports  by  other  engineers. 
Cubic  feet  per  second  flow. 

Cubic  feet  ner  second  per  mile  of  watershed  =  say  .2  to  .3  of  total  rainfall 
and  I  available  as  water-power. 
Comparison  with  other  rivers. 


Poosibility  of  storing  water  for  dry  time. 

AvallaMo  V»ll. 

Location  of ;  accessibility,  by  what  routes. 

Can  power  be  used  locally,  or  would  it  be  necessary  to  transmit  it,  and  If 
0O,  where  to,  and  distances?  Nature  of  country  over  which  it  would  have  to 
be  cftrried. 

y olume  of  water  in  cubic  feet  per  second. 

Horee-JPower  of  River. 

Calculated  from  available  fall  and  volume. 

Horse^wwer  for  each  fall  or  dam.     -^         ^  ^  .  v*   v    «  ^  ^v  ^  ^#  ^^« 
Location  of  dams,  dimensions,  length,  and  height,  best  method  of  con- 
struction, estimated  cost.  .  ^    ^,  ^    ..  ^  ^    «*   *.      ms. 
Backwater ;  volume,  and  how  far ;  what  interests  disturbed  by  it ;  benefits, 

if  any.  «  •    .«       » 

Compcure  power  with  that  of  similar  rivers. 
Probable  cost  of  power  at  dams  and  transmitted. 

Appllcatloiui  PoMtble. 

Near  by ;  at  distance,  stating  when  and  for  what.  Note  Industries  appU« 
oable  to ;  comparison  with  other  applications. 

Mew  Industries  Aii|nr«**«d» 

and  old  industries  already  going  to  which  power  is  applicable. 
Cost  to  these,  and  comparison  with  cost  of  other  forms  of  power  alrewty 

in  use.  ^ 

JPropertj  of  tke  C^oaiiNiaj. 

Land,  buildings,  water  rl|^ts,  flowage  rights,  franchises,  lines,  righ^  of 
way.    Character  of  deeds.    Probable  value. 
Comparison  with  other  similar  properties. 

Other  resources.  -.«.^^. 

Uabllltles. 

Stocks,  bonds,  floating  debt,  other. 

Earning'  Capadtj. 

Probable  cost  of  power  per  h.  p.  at  power-house. 

Probable  cost  of  power  per  h.  p.  deUvered  or  transmitted. 

Price  for  which  it  can  be  sold  at  power-house,  and  price  transmitted  or 
delivered. 


Surrounding  country,  ite  characteristics,  people,  dties,  and  towns,  indus- 
tries, condition  of  finances. 
Pacnitles  for  transportation,  water  and  rail. 

Nearness  of  sources  of  supplies  and  sales  of  products. 
Horse-JPower  at  a  ITaterfsai. 

The  horse-power  of  a  waterfall  is  expressed  in  the  following  formula : 
O  =  quantity  of  water  in  cubic  feet  flowing  over  ^e  f  aU  in  1  «;^^te. 
5=  total  head  in  feet,  i.e.,  the  distance  between  the  surface  of  the  water  at 
toe  top  of  the  fall,  and  that  at  its  foot.    Jii  a  w**«r-P; Jtl*J«Ji«*iij 
the  distance  between  the  surface  of  the  water  in  the  head-race,  and  that 
of  the  water  in  the  tail-race. 
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V  =  weight  of  water  per  oublo  foot  =  9!iM  11m.  at  9P  F. 

Gtou  horse-power  of  waterfall  r=       aaoOQ  —  ^^  J0Olfl9  QB, 

Loss  of  head  at  the  entrance  to  and  exit  from  a  water-wheel,  together  with 
the  friction  of  the  water  passinff  through,  redneee  the  power  that  can  fee 
developed  to  aboat  70  per  cent  or  the  groea  power  of  the  lall. 

HoKse-Power  of  m  Wtmrnmlm^  Btrca— , 

The  power  la  oalculated  by  the  same  formnla  aa  for  a  fall,  hut  In  tfak  < 


H=z  theoretical  head  due  to  the  Telocity  of  the  water  in  thm  atrean  = 

V  =  yelocitr  of  water  In  feel  per  seeond. 

Q  r=  the  cnSio  feet  of  water  actually  implngliig  against  the  hoekei  per 
minute. 

Groea  horB^power  r=  .€018D  QH. 

Wheels  for  use  in  the  current  of  a  stream  realize  only  about  A  of  the  groa 
theoretical  power. 

Current  motors  are  often  developed  to  operate  in  stroiig  eurrenta,  aneh  as 
that  of  the  Niagara  River  opposite  Buffalo*  but  are  of  little  use  ezoeptbg 
for  small  powers.  Such  a  small  fraction  of  the  current  velocity  can  bs 
made  use  of  that  a  current  motor  is  extremely  inefficient.  In  order  ts 
realise  power  from  a  current  it  is  necessary  to  rMuce  its  velocity  In  taking 
the  power,  and  to  get  the  f  uU  power  would  necessitate  the  backing  np  of  tht 
whole  stream  until  the  actual  nead  equaled  the  theoreticaL 

Power  ef  ITater  Slowiar  !«  »  IPlpo* 

jETdue  to  velooity  =  —  =  g^  where  v  =  veloelty  in  feet  per 

ffi  due  to  pressure  s  — ,  where/s=  pressure  in  lbs.  per  square  foot. 

and  w  =  623S  lbs.  =  weight  1  cubio  foot  of  water. 
JSs  distance  above  datum  line  in  feet. 

Total^=^+^+^,. 

In  hydraulic  transmission  the  work  or  enennr  of  aglven  quantity  of 
under  pressure  is  the  volume  in  cubic  feet  x  lbs.  pressure  per  sqnare  foo^ 

>  =  cubie  feet  per  second. 

'  =  pressure  in  lbs.  per  square  Ineh. 

HorseiK>wer=  ^^^ajKISPQ. 

HiU-lPower. 

It  has  been  customary  in  the  past  to  lease  water-power  In  units  laigv 
than  the  horse-power,  and  the  term  mill-power  has  been  used  to  designsta 
the  unit.    The  term  has  no  uniform  value,  but  is  different  in  alHoosLUtZes. 

Emerson  gives  the  following  values  for  the  seven  more  important  watd^ 
power. 

SMyok€tM<m. — Each  mill-power  at  the  respective  falls  is  declared  tohavs 
the  right  during  16  hours  in  a  day  to  draw  38  cubio  feet  of  water  per  secoed 
at  the  upper  fan  when  the  head  there  is  20  feet,  or  a  quantity  proportioiiata 
to  the  height  at  the  falls.    This  is  equal  to  86.2  norse-power  as  a  maxiniDn. 

Xo«0e//,ltfass.— The  right  to  draw  during  16  hours  In  the  day  so  moeh 
water  as  shall  give  a  power  equal  to  96  cubic  feet  a  seeond  at  the  great  fall, 
when  the  fall  there  is  80  feet.    Equal  to  86  h.  p.  ifiaximum. 

Xai0reno«,  Afofs.  — Ihe  right  to  draw  during  16  hours  in  a  day  tonaeli 
water  as  shall  give  a  horae-power  equal  to  90  cubie  feet  per  seeond  when  tfti 
head  is  26  feet.    Equal  to  86  h.  p.  maximum. 

ifinneapoUs,  ifinn.— 30  cubio  feet  of  water  per  second  with  head  of  SI 
feet.    Equal  to  74.6  h.  p. 
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■eoond,  f a^l  of  22  f»t,  eqiul  to  11.3  bora»{>ow«i. 
ye&r  fur  eaoh  mlll-powflr  :^  f3S.OO  per  h.  p. 

Tba  boms-powar  nmlmnin  kboTa  gfroo  la  that  due  theoretlaallT  to  the 
wetght  of  water  uid  tha  heliiht  of  the  fall,  uaumlufthevater-whMl  to  bare 
perfacteOol "-  -■— *^  >- -.-..--  ........  ___,._ 
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■ay  15  per  oent  for  good 

At  Niagara  power  haa 

Chaigai  for  water  In  Maueheater,  lAwell,  and  Lawii 
MoRclietttr. 
About  S300  per  year  pi 
fa  per  daj  per  mill-po' 

£mmII. 
About  tSOO  per  year  per  mlll-pawer  for  origloal  porohaiet. 
$2  per  day  par  inlU-powar  danng  "  baak-water.'* 
$4  per  day  par  mill-paver  tor  aurplui  under  40  per  oant. 
ClOperdaypenalll-wwar  for  BurpluaoTer40par  cent  and  under  Mperoe 
(ao  per  day  per  mlltpowar  tor  lorplui  oier  tO  par  eeut. 
in  per  day  per  mLll-^ver  for  any  exceu  orer  limitation. 

About  OOOper  year  per  mill-power  tor  orlflnal  pnrohase*. 
About  tiaOO  par  year  per  mill-power  for  new  leaaei  at  praeent. 
M  per  day  per  mllt-power  fur  inrplus  nptoXper  oent. 
is  per  day  per  mUl-power  fur  aarplu!  orer  3)  and  under  BO  per  oent. 
f<  per  dky  par  lolll-pawer  for  Barplai  under  DO  per  eact. 
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The  pressure  of  water  in  pounds  per  square  inch  for  every  foot  in  height 
to  aOO  feet ;  and  then  by  intervals  to  1000  feet  head. 


Feet 

Press., 

Feet 

Press., 

Feet 

Press., 

Feet 

Press., 

Feet 

Press., 

He'd. 

Sq.  In. 

He'd. 
65 

Sq.  In. 

He'd. 

129 

Sq.  In. 

Head. 

Sq.  In. 

Bead. 

Sq.  In. 

1 

0.48 

28.16 

66.88 

193 

83.60 

267 

111.32 

2 

0.86 

66 

28.68 

130 

66.31 

194 

84.03 

268 

111.76 

3 

1.30 

67 

29.02 

131 

66.74 

196 

84.47 

269 

112.19 

4 

1.73 

68 

29.46 

132 

67.18 

196 

84  JO 

260 

113.62 

5 

2.16 

69 

39.88 

133 

67.61 

197 

86.33 

261 

113.06 

6 

2J» 

70 

30.32 

134 

68.04 

198 

85.76 

262 

113.49 

7 

3.03 

71 

30.76 

135 

58.48 

199 

86.20 

263 

113.93 

8 

3.46 

73 

31.18 

136 

68.91 

200 

86.63 

264 

114.36 

9 

3.88 

73 

31.62 

137 

60.34 

201 

87.07 

266 

114.79 

10 

4.33 

74 

32.06 

138 

69.77 

302 

87.50 

266 

116.33 

11 

4.76 

76 

82.48 

138 

60.21 

203 

87.93 

267 

116.66 

13 

6.20 

76 

S2M 

140 

60.64 

304 

88.86 

268 

116.09 

18 

6.63 

77 

88.36 

141 

61.07 

306 

88.80 

860 

116JJ3 

14 

6.06 

78 

83.78 

142 

61.61 

306 

88.28 

270 

116J6 

15 

SJB 

79 

84.21 

143 

61.94 

307 

89.66 

271 

117  J9 

16 

6.88 

80 

84.66 

144 

62.87 

206 

80.10 

873 

117.82 

17 

7.36 

81 

86.06 

146 

62.81 

208 

80J» 

278 

118.36 

18 

7.79 

83 

86.62 

146 

63.24 

210 

90.96 

274 

118.69 

19 

8.22 

88 

86.96 

147 

63.67 

311 

81.38 

876 

119.13 

20 

8.68 

84 

86J» 

148 

64.10 

212 

81.88 

876 

119JM 

21 

9.08 

86 

86.83 

149 

64  JM 

218 

82.26 

877 

119  J8 

22 

9.53 

86 

87.26 

160 

61.97 

214 

82.68 

878 

120.43 

23 

9.96 

87 

87.68 

161 

66.40 

216 

83.13 

879 

120.86 

24 

10.39 

88 

88.13 

163 

66.84 

216 

83^ 

280 

181.29 

26 

10.82 

89 

38.66 

153 

66.2r 

217 

83  J8 

281 

121.78 

26 

11.26 

90 

38.96 

154 

66.70 

218 

94.43 

282 

122.15 

27 

11.60 

91 

39.43 

166 

67.14 

219 

94.86 

283 

122.69 

28 

12.12 

92 

39.85 

166 

e7JS7 

220 

96.30 

284 

123.02 

29 

12.66 

93 

40.28 

167 

68.00 

221 

96.73 

286 

123.46 

80 

12.99 

94 

40.73 

168 

68.48 

222 

96.16 

286 

123.89 

31 

13.42 

86 

41.16 

169 

68.87 

223 

96.60 

287 

124.82 

32 

18.86 

96 

41JM 

160 

69.31 

234 

97.03 

288 

124.76 

33 

14.29 

97 

43.01 

161 

69.74 

226 

97.46 

289 

126.18 

34 

14.72 

98 

43.46 

163 

70.17 

826 

97  JO 

290 

126.62 

36 

16.16 

90 

43.88 

163 

70.61 

337 

98.33 

291 

126.06 

36 

16.68 

100 

43.81 

164 

71.04 

228 

98.76 

292 

126.48 

37 

16.02 

101 

43.76 

166 

71.47 

820 

99.20 

293 

126.98 

88 

16.46 

103 

44.18 

166 

71^1 

230 

99.63 

294 

127  J6 

89 

16.89 

108 

44.61 

167 

72.34 

231 

100.06 

296 

127.78 

40 

17.83 

104 

45.06 

168 

72.77 

233 

100^ 

296 

128.22 

41 

17.76 

106 

46.48 

160 

78.20 

238 

100  J3 

297 

128.66 

42 

18.19 

106 

46.91 

170 

78.64 

334 

101.36 

298 

129.06 

43 

18.62 

107 

46.34 

171 

74.07 

336 

101.79 

299 

12951 

44 

19.06 

106 

46.78 

173 

74JH) 

286 

102.23 

800 

129  J6 

46 

19.48 

109 

47.21 

173 

74.94 

237 

102.66 

310 

134.28 

46 

19.92 

110 

47.64 

174 

76.87 

338 

103.09 

830 

138.62 

47 

20.35 

111 

48.98 

176 

75.80 

239 

103.63 

880 

142.96 

48 

30.79 

113 

48J»1 

176 

76.23 

240 

108.90 

340 

147.28 

48 

21.32 

118 

48.94 

177 

76.67 

241 

104  J9 

860 

161.61 

60 

21.66 

114 

49.88 

178 

77.10 

242 

104.83 

860 

165  J4 

51 

22.08 

116 

48.81 

179 

7753 

248 

106.26 

870 

160.27 

52 

23.62 

116 

60.24 

180 

Tisn 

244 

106.69 

880 

164.61 

58 

22.96 

117 

60.68 

181 

78.40 

345 

106.13 

890 

168J4 

54 

23.89 

118 

61.11 

183 

78.84 

246 

106.66 

400 

173.27 

65 

23.82 

119 

61 M 

183 

79.27 

247 

106.99 

600 

216JS8 

56 

24.26 

120 

61.98 

184 

79.70 

348 

107.43 

600 

260.90 

57 

24.69 

121 

62.41 

185 

80.14 

248 

107.86 

700 

808.23 

58 

26.12 

122 

63.84 

186 

80.57 

260 

106.29 

800 

846JM 

60 

25JS6 

123 

63.28 

187 

81.00 

251 

108.73 

900 

889  J6 

60 

7bM 

124 

63.71 

188 

81.43 

263 

109.16 

1000 

438.18 

61 

26.43 

126 

64.16 

189 

81.87 

368 

10858 

62 

26.86 

126 

64.68 

190 

82.30 

364 

110.08 

66 

87.29 

127 

65.01 

191 

82.73 

866 

110.46 

61 

2*/ .73 

128 

66.44 

193 

83.17 

356 

110.89 
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Riveted  sheet  steel  pipe  is  much  used  on  the  Pacifle  Ooasi  for 

water  for  considerable  distances  under  high  heads,  say  ae  much  m 

CSorrosion  of  iron  and  steel  pipe  has  always  been  an  argument  sigainstiti 
use,  but  for  about  thirty  years  such  j^ipe  has  been  in  use  in  California;  sad 
a  life  of  twenty-five  years  is  not  considered  the  limit,  when  both  inside  i 
outside  of  the  pipe  are  treated  with  a  coating  of  asphalt. 

The  method  of  covering  with  asphalt  referred  to  affords  perfeet 


tlon  against  corrosion,  and  so  Ions  as  the  coating  is  intact,  makea  it  pneti- 
cally  indestructible  so  far  as  all  ordinary  wear  is  concerned.  The  eotnoitkNii 
which  interfere  with  the  best  service  are  where  the  coating  is  worn  off  bf 
abrasion  in  transportation,  or  where  the  pipe  is  subject  to  severe  shock  b; 
the  preeenoe  of  air,  or  by  a  sudden  closing  of  the  gates,  or  where  the  serrin 
is  intermittent,  causing  contraction  and  expansion,  which  opens  the  joian 
and  breaks  the  covering.  With  ordinary  care  these  objections  ean  moetl; 
be  overcome.  While  the  primary  object  of  coatins  pipe  in  this  way  is  fis 
prevent  oxidisation,  and  thus  insure  its  durability, It  is  incidentally  an  ad- 
vantage in  providing  a  smooth  surface  on  the  inside,  which  reducae  the  fno> 
tion  of  water  in  its  passage. 

The  Coast  metliod  of  laving  pipe  Is  to  take  the  shortest  praefcieable  dis- 
tance that  the  ground  will  permit,  placing  the  pipe  on  the  surface  and  eo<s- 
necting  directly  from  ditch,  flume,  or  other  source  of  supply  to  the  whecL 
Avoid  short  turns  or  acute  angles,  as  Uiey  lessen  the  head  and  produce  shock. 

The  ordinary  method  of  lointing  is  tne  slip  Joint,  made  up  in  much  Hbm 
same  way  as  stove-pipe.  Of  course  this  is  omy  adapted  to  ooniparativelj 
low  heads,  special  riveted*Joint  construction  being  necessary  for  the  high* 
falls.  In  lavinff  such  pipe  where  the  lengths  come  together  at  an  angle,  a 
lead  Joint  should  be  made.  This  is  done  oy  putting  on  a  sleeve,  allowing  a 
space,  say  three-eighths  of  an  inch,  for  running  m  lead.  With  a  iMavT 
pressure,  and  especially  on  steep  grades,  the  lensths  should  bo  wired 
together,  logs  being  put  on  the  sections  forming  the  Joints  for  this  purpose: 
and  where  the  grade  is  very  steep,  the  pipe  snould  be  seeurely  anchored 
with  wire  cable. 

In  laying  the  pipe  line  it  is  customary  to  commence  at  the  wheel,  and  with 
slip  joint  tne  lower  end  of  each  length  should  be  wrapped  with  cotton  drill- 
ing or  bnrliH;>s  to  prevent  leaking ;  care  being  taken  in  driving  the  joimU 
together  not  to  move  the  gate  and  noszle  from  their  position.  Some  tempo* 
rary  bracing  mav  be  necessary  to  provide  against  thiiB. 

Where  several  wheels  are  to  be  supplied  from  one  pipe  line,  a  hnmek 
from  the  main  in  the  form  of  the  letter  Y  is  preferable  to  a  right  angle  ost- 
let.  When  taken  from  the  main  at  a  right  angle,  the  tap-hole  should  be 
nearly  as  large  as  the  main,  reducing  by  taper  Joint  to  the  alae  oi  pipe 
attaoned  to  the  wheel  gate. 

It  is  advised  where  practicable  to  lay  the  pipe  in  a  trench,  coTttingtt 
with  earth.  Even  in  warm  climates,  where  this  is  not  necessary  asproCeo- 
tion  from  frost,  it  is  desirable  to  prevent  contraction  and  expanuon  b7 
variations  of  temperature,  as  well  as  to  afford  security  against  aoeldeBt 
When  laid  over  a  rooky  surface  a  covering  of  straw  or  manure  will  protect 
it  from  the  sun,  and  generally  prevent  f reeling ;  as  where  k^t  in  motkm, 
water  under  pressure  will  stand  a  great  decree  of  cold  without  giviag 
trouble  in  this  way.  After  connections  are  made,  it  should  be  tested  Sefors 
covering  to  see  that  the  Joints  are  tight. 

Care  should  be  ts^en  when  thepipesareflrstflUed  tosee  that  theairis 
entirely  expelled,  the  use  of  air  valves  being  necessary  in  long  lines  laU 
over  undulating  surfaces.  Care  should  also  be  taken  before  startini^  to  see 
that  there  are  no  obstructions  in  the  pipe  or  connections  to  wheels  and  that 
there  are  no  leaks  to  reduce  the  pressure.  Pipe  lines  of  any  oonsideraMa 
length  should  be  graduated  as  to  slse,  being  larcer  near  the  tc^and  redneed 
toward  the  lower  end,  the  thickness  of  iron  for  various  siaes  being  deter- 
mined by  the  pressure  it  is  to  earrv.  This  is  a  saving  in  first  cost,  and 
facilitates  transportation  by  admitting  of  length,  being  run  inside  of  each 
other. 

When  used  near  railroad  stations,  pipe  is  senerallT  made  in  37  ft.  lengtto 
for  purpose  of  economising  freight,  this  being  the  length  of  a  ear.  wmb 
transported  long  distances  by  wagon,  it  Is  usually  made  in  about  9D  ft 
lengths.  For  pq>e  of  large  diaraetor,  or  for  transportation  over  long  di»- 
tanoes,  as  also  for  mule  paoUng,  it  is  made  in  seenons  or  loints  of  94  to  SO 
'  ~'^hes  in  lenfrth,  rolled  and  nunched,  with  rivets  furnished  to  put 
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on  the  ground  where  laid.  Pfpo  of  this  character,  being  cold  riveted,  is 
easily  put  together  with  the  orainarY  tooli  for  the  pnrpose.  In  such  case, 
pre^ration  should  be  made  for  coating  with  asphalt  before  layinff. 

Riveted  steel  pipes  have  also  been  extensively  used  in  the  Bast  In  the  in- 
Btallation  of  the  new  water  supply  for  Newark,  Jersey  City  and  Paterson, 
X.J.,  also  at  Rochester,  N.Y*.,  and  were  furnished  by  Mr.  Thos.  H.  Millson, 
of  East  Jersey  Pipe  Gompany,  Paterson,  N.J. 

l>At»  of  Rivet  SpAclBfTii  for  Ctrciil»r  Soanie  of  Plpo. 

Pipes  48"  to  61"  Diameter. 


tt 

»/ 

It 

// 

// 

// 

// 

Diameter  of  pipe.    .    .    . 

48 

48 

48 

51 

51 

51 

51 

Thickness 

1- 

A 

1 

\ 

A 

1 

A 

Diameter  of  rivets  .    .    . 

1 

} 

1 

1 

f 

4 

1 

Number  of  rivets     .    .    . 

100 

84 

74 

108 

92 

80 

64 

I^ength  of  long  plate   .    . 

161J»2 

161.779 

151.976 

162.764 

163.354 

163.943 

164.532 

Length  of  short  plate  .    . 

149.886  j  149.717 

149.538 

161.007 

161.203 

161.399 

161.695 

Kivet  pitch  on  loDg  plate, 

1.516 

1.807 

2.053 

1.507 

1.776 

2.049 

2.571 

B  ivet  pitch  on  short  plate, 

1.488 

1.782 

2.020 

1.491 

1.752 

2.017 

2.625 

liftp,  center  to  edge  .    .    . 

1 

lA 

1| 

1 

lA 

If 

lA 

Lap  at  oiroum.,  seams .    . 

2 

21 

2| 

2 

2f 

2| 

n 

I»at»  of  RIvot  Sp»cfiifirii  for  liOBgitnAinal  Soama  of  Pipe. 


Kumber  in  first  row     .    . 

35 

29 

25 

35 

29 

26 

II 
22 

Number  in  second  row    . 

34 

28 

24 

34 

28 

24 

21 

Number  in  both  rows  .    . 
Kivet  pitch  in  both  rows  . 

69 

n 

2.271 

67 
ft 

2.721 

49 
It 

3.125 

69 
It 

2.277 

67 
»/ 

2.721 

49 
II 

3.125 

43 
3.642 

Distance  between  rows    . 

lA 

lA 

lA 

lA 

lA 

lA 

11 

Lap,  center  to  edge  .    .    . 

ii 

lA 

Hi 

H 

lA 

m 

lA 

Lap  at  longitudinal  seam, 

3 

3* 

4 

3 

3* 

4 

4| 

This  formula  for  the  design  of  riveted  steel  pipe  is  taken  from  Gassier's 
Magazine,  1902 :  —  „ 

T=  for  iron,  usually  48,000  lbs.  per  sq.  in. 
T=  for  steel,  62,000  lbs.  per  sq.  in. 
P  =  safe  workiiu^  pressure,  per  sq.  in. 
t  =  thickness  oi  sneet  in  inches. 
JS  rr  radius  of  pipe  in  inches. 
c  r=  factor  of  safety :  3  to  3.6  for  this  work. 
/=  proportional  strength  of  plates  after  riveting: 

Double  riveting ...    0.7 

Single  riveting   ...    0.5 

The  Water  Power  Plant  at  Puyallup  River  near  Taooma  will  have  a 
steel  pipe  line  1700  feet  long,  berinnlng  48"  diameter,  reducing  to  36"  diam- 
Mer  at  the  end,  built  by  Ridsonlron  works*  San  Francisco,  Gal. 
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In  many  oases  mnoh  expense  may  be  sared  In  pipe  by  eunfqylug  tbs 
water  In  a  flame  or  dltoh  along  the  hillside,  oovenxig  in  this  way aiaiss 

{>art  of  the  dlstanoe,  then  piping  it  down  to  the  power  station  by  m  shan 
ine.    This  is  more  espeelally  applicable  to  huge  plants,  where  the  cost  of 
the  pipe  is  an  important  item. 


DAVA  FOR  VKITHBA  AMD  DITOl 

To  glTe  a  general  idea  as  to  the  oapaoitr  of  flumes  and  dltchea  for  cacrj^ 
ingwater,  the  following  data  is  submittea : 

The  greatest  safe  velooity  for  a  wooden  flame  is  aboat  7  or  8  feet  per  aeoood. 
For  an  earth  ditoh  this  should  not  exceed  about  2  feet  per  second.  In  Cali- 
fornia it  ij*  the  seneral  practice  to  lay  a  flume  on  a  grade  of  about  \  inch  to  th» 
rod,  or  often  2  mchee  to  the  100  feet,  depending  on  the  existing  condltioiiii. 

Assaming  a  rectangular  flume  3  feet  wide,  running  18  inches  deep,  iti 
Telocity  and  capacity  would  be  shown  as  below  : 

Grade.  Vel.  in  Ft.  per  Sec.  Quantity  Co.  Ft.  MId. 

1  inch  to  rod  2.6  708 

1    u     «4    «»  8.7  990 

!•*••••  6.8  1,481 

As  the  Telocity  of  a  flume  or  ditch  is  dependent  largely  on  its  slaa  and 

character  of  formation,  no  more  speciflc  data  than  the  above  can  be  kItbb. 
It  is  not  safe  to  run  either  ditch  or  flume  more  than  about  f  or  |  fnU. 

WOODSIf-ftXAVE  PKPS. 

Wooden -stave  pipe  has  been  used  to  some  extent  on  the  Pacific  Coast  for 
conveying  water  long  distances  under  heads  not  much  exceeding; 200  feet 
Although  the  construction  of  such  pipe  is  quite  simple,  yet  considerable 
slcill  and  care  are  necessary  to  make  water-tig^t  worlc.  The  plant  of  the 
San  Gabriel  Los  Angeles  Transmission,  California,  uses  sevenU  miles  of 
wooden-stave  pipe,  ^  ins.  diameter.  The  pipe  is  laid  uniforaoly  ten  feet 
below  hydraulic  grade;  and  the  wood  is  of  such  thiclcness  as  to  be  always 
water-soaked,  and  will  thus  outlast  almost  any  other  form  of  oonatmetloB. 

The  staves  are  placed  so  as  to  break  Joints,  the  flat  sides  are  dressed  to  a 
true  circle,  and  the  edges  to  radial  planes.  The  staves  are  out  off  square  at 
the  ends,  and  the  ends  slotted,  a  tight-fitting  metallic  tongue  being  used  to 
make  the  Joint. 

The  pipe  depends  upon  steel  bands  for  its  strength,  and  in  the  ease  above 
mentioned  they  are  ox  round  steel  rod  placed  ten  inches  apart  from  center 
to  center.  Where  the  pressures  vary  along  the  line,  bands  can  be  spaced 
closer  or  wider  apart  to  make  the  necessary  strength.  The  preference  Is 
given  round  bands  over  flat  ones,  on  account  of  their  embedding  themselvei 
in  the  wood  better  as  it  swells.  They  also  expose  less  surface  to  mat  thsn 
would  flat  ones  of  the  same  strenffth.  The  ends  of  the  bands  are  secnred 
together  through  a  malleable  Iron  shoe,  having  an  interior  shoulder  for  the 
head  of  the  bolt,  and  an  exterior  shoulaer  for  the  nut,  the  whole  band  thns 
being  at  right  angles  to  the  line  of  the  pipe.  Where  curves  are  not  too 
sharp,  they  can  easily  be  made  in  the  wooden  pipe ;  but  for  short  turns,  sec- 
tions of  steel-rivetea  pijpe  of  somewhat  larger  internal  diameter  than  that 
of  the  wooden  pipe  are  introduced.  The  Joints  between  wood  and  steel  are 
made  by  a  bell  on  the  steel  pipe  that  is  larger  than  tbe  outside  diameter  of 
the  wooden  pipe.  After  partly  filling  the  space  between  bell  and  wood  with 
oakum  packed  hard,  for  the  renialnoer  use  neat  PorUand  cement. 

Advantages  claimed  for  this  type  are  that  it  costs  less  than  any  other 
form,  and  especially  so  where  transportation  is  OTer  the  rugged  country 
where  it  is  most  liable  to  be  used ;  great  length  of  life,  and  greater  capacity 
than  either  cast-iron  or  steel-rivetea.  Compared  with  new  riveted  pipe,  tbe 
carrying  capacity  of  stave  pipe  is  said  to  be  from  10  to  40  %  more,  and  this 
difference  increaises  with  age  as  the  wooden  pipe  gets  smoother,  while  the 
friction  of  tbe  metal  pipe  increases  to  a  considerable  degree. 

As  compared  with  open  flumes,  the  life  ts  so  much  greater  and  repairs  so 
much  less  as  to  confdderably  more  than  counterbalance  the  flrst  cost.  For 
detailed  information  on  wooden-stave  pipe,  see  papers  by  A.  L.  Adams^ 
September,  1808,  Am.  Soc.  C.  E. 

NoTB.  —  Mr.  Arthur  L.  Adams  writes  that  the  pipe  laid  at  Astoria,  Ore.. 
about  which  he  wrote  ten  years  ago  has  not  proved  lasting,  one  third  of  it 
hr  ving  been  renewed  diirine:  the  first  decade  of  its  existence. 
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Showing  weight,  with  safe  head  for  rarious  slsee  of  douhle-rlveted  pipe. 
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"^  In  inches. 

Thickness  of 
iron  by  wire 
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safely  stand. 
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11 

10 
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290 
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379 
466 
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267 
294 
852 
432 
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247 
278 
327 
400 
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254 
304 
376 
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10 

166 

8 

192 

7 
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141 
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213 
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320 


400 
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570 
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670 
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86 

97 
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Gable  Vaet  of  W^«ter 


HUnaie 


OrUlce  I  SqaArw  lack  in  Ai 

For  any  other  Hze  qf  orijioe,  multiply  by  ito  area  in  equare  inchee. 


fa 


1.12 
1.27 
1.40 
1.52 
1.64 
1.76 
1.84 
1.94 
2.03 
2.12 


13 
14 
16 
16 
17 
18 
19 
20 
21 
22 


■*»  <os 

5«s, 


I 


5 


3.47 
3JS2 
3^7 
8.62 
3.67 
3.72 
8.77 
8.81 
3.86 
3.91 


43 
44 
46 
46 
47 
48 
49 
60 
61 
62 


-^5 

8£fS 

Si  ** 

^■-1  Ml 


4.39 
4.42 
4.40 
4Ji2 
4JS6 
AJBS 
4.63 
4.65 
4.72 
4.74 


•a  b  <-S 


o 

5  5^^ 


63 
65 


67 


70 
71 


4.78 
4.81 
4J5 
4J9 
4:» 
4J97 
5J)0 
5jQ8 
._  6j07 
72  I  5j» 


Table  Ahowlarthe  Vbeoreilcal  Veloctir  i 

Gable  Feet  iTbroacb  aa  Orlflee  of  1  Sqaare  lacb 
lac  Vader  Heads  VarTiaff  fkoai  1  to  lOO  Veet. 


Theoreti- 

Theoret- 

Theoreti- 

Theoret- 

Theoreti- 

TheanH' 

■a^ 

cal  Difl- 

ioal 

B^ 

cal  Dis- 

ical 

5j 

cal  Dla- 

leal 

%^ 

ohargeln 
Ou.rt. 

Yeloolty 
in  Feet 

II 

oharse  in 
On.Pt. 

Velocity 
inFtot 

%l 

chacge  in 
Cn.Ft. 

Telocity 
inFMt 

m 

per  Min. 

per  Min. 

34 
36 

per  Min. 

per  Min. 

» 

per  Min. 

per  Mia. 

I 

3.34 

481.2 

19.77 

2847.6 

69 

27.74 

3897.1 

2 

4.73 

680.4 

36 

20.06 

2887.2 

70 

27.94 

4021.1 

8 

6.79 

833.4 

37 

20.33 

2926.8 

71 

88.14 

4054.5 

4 

6.68 

962.4 

38 

20.60 

2966.4 

72 

28.84 

42S3J) 

6 

7.47 

1075.8 

39 

20.87 

3004.8 

78 

28J>3 

4111J 

6 

8.18 

1178.4 

40 

21.18 

3043.2 

74 

28.73 

4138.4 

7 

8.84 

1273.2 

41 

2US8 

8081.1 

75 

28.93 

4165.2 

8 

9.46 

1300.8 

42 

21.64 

8118J& 

76 

29.11 

41943 

9 

10.02 

1443.6 

43 

21.90 

3156.4 

77 

29  JO 

««.4 

10 

10.67 

1621.6 

44 

22.15 

3191.8 

78 

29^ 

4M».8 

11 

11.06 

1696.0 

46 

22.40 

8227.8 

79 

29.68 

4965J9 

12 

11.67 

1666.8 

46 

22.66 

8263.6 

80 

29.87 

4803.6 

13 

12.05 

1734.6 

47 

22.89 

8298.9 

81 

30XM 

4890^8 

14 

12JM) 

1800.6 

48 

23.14 

8333.8 

82 

30.24 

4867.4 

15 

12.94 

1863.6 

48 

23.38 

8368.4 

83 

30.43 

4a8Sj8 

16 

13.37 

1924.8 

60 

23.61 

3402^} 

84 

30.61 

4410.3 

17 

13.78 

1984.2 

61 

23.85 

3436.4 

85 

80.79 

4IML4 

18 

14.18 

2041.8 

62 

24.06 

3469.9 

86 

90.97 

44tt4 

19 

14.67 

2097.6 

63 

24.31 

8603.1 

87 

31.15 

4188:8 

20 

14.95 

2162.2 

64 

24J(4 

3636.0 

88 

81.33 

4B14J0 

21 

16.31 

2205.0 

66 

24.76 

3668.6 

89 

31JS0 

4Ba»£ 

22 

16.67 

2256.6 

66 

24.99 

8600.9 

90 

81.68 

4B6SJ0 

23 

16.02 

2307.6 

67 

25.21 

3632.9 

01 

81.88 

4BMkS 

24 

16.37 

2357.4 

68 

25.43 

8664.6 

92 

82XM 

46I&4 

25 

16.71 

2406.0 

60 

25.66 

8696.1 

93 

82.20 

4040L5 

26 

17.04 

2463.4 

60 

25.87 

8737.3 

94 

82.38 

400.3 

27 

17.36 

2S00.2 

61 

26.06 

8768.2 

95 

9iM 

4aM.l 

28 

17.68 

2545.8 

62 

26.29 

8788.9 

96 

82.73 

4714.7 

28 

17.90 

2B90.8 

63 

26JS1 

8819.3 

97 

82.89 

^4739.3 

30 

18.30 

2636.8 

64 

28.72 

3819.6 

96 

83.06 

4763.5 

31 

18.60 

2679.0 

66 

26.92 

8879.5 

99 

88.23 

4TB7J 

32 

18.90 

2722.2 

66 

27.13 

3909.2 

100 

38.40 

48iaj0 

33 

19.20 

2764.2 

67 

27.33 

393R.7 

34 

19.40 

2806.2 

68 

27  JM 

3868.4 

THEORT  OF  ROD  FLOAT  GAUGING. 


a  =  uea  of  oriflce  Id  sgau-a  lnch«. 

«  =  aablofMt  (llBBliarg«d  pel  tnlDUte 
=llB»d  In  Inches. 


_, . «  KTU   of  lh» 

Id  luge  opeulng  h  ID  M  IB ;  then  vlU  b«  Dt 
— loently  the  gi— ■ 


<Fnim  Beport  on  Barge  Ouial,  1901,  Edvud  A.  BoDd,  N.  Y.  StnM  KnglueeT.) 
The  hjdroineirlc:  rod  m%j  conelit  ot  either  %  plain  voodan  Tod  of  untform 
dlnmeter,  velgliEed  at  IM  Imrer  end  with  iron  or  lead  pipe  ot  equal  diam- 
eter, lo  aa  to  make  It  alnk  lertloally  In  Uw  vater  lo  neulj  Ita  f  oil  leogtb. 
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or  of  a  tin  tube  of  uniform  diameter,  made  either  oontlnnoiia  or  In  eeetiau 
flttinff  water-tightly  into  each  other,  and  properly  weighted  with  Imdm 
shot,  DulletB,  etc.,  at  the  bottom.  If  such  a  rod  is  placed  oarefnlly  in  tbt 
water,  so  as  to  prevent  any  vertical  motion,  and  its  projecting  part  is  aot 
acted  npon  by  the  wind,  it  may  be  assumed  that  in  a  snort  time  it  will  won 
with  the  mean  velocity  of  the  water  in  the  vertical  plane  in  which  it  floats. 

When  a  straight  cylindrical  rod  of  uniform  diameter  is  immersed  verti- 
cally, in  a  morag  body  of  water  and  kept  from  sinking,  it  enoonntsn 
thfirein  filaments  having  dilferent  velocities  in  the  direction  of  the  stresa, 
anti  eventually  acquires  an  intermediate  velocity  which  is  very  nearly  the 
mean  of  those  acting  upon  it.  Some  of  the  flnid  particles  will  he  moving 
faster  than  the  rod,  while  others  move  slower ;  the  former  will  tend  to 
accelerate  the  motion  of  the  rod,  both  by  direct  pressure  and  by  the  latenl 
friction,  while  the  latter  tend  to  retard  it.  In  the  ensuing  state  of  eqnili- 
briam  and  uniform  motion, 'the  accelerating  and  retarding  forces  aetiof 
on  the  rod  most  be  equal,  and  will  form  a  couple  which  causes  the  rod 
to  assume  a  sUghtly  inclined  position  in  the  water.  Furthermore,  wfaea 
the  channel  is  regular,  and  the  rod  reaches  nearly  to  the  bottom,  the  genenl 
law  according  to  which  the  velocity  of  the  successive  filaments  from  ths 
surface  downwards  varies,  has  been  determined  approximately  by  experi- 
ment, and  it  becomes  possible  to  express  the  sums  of  the  said  aoeeleraUac 
and  retardinff  forces  in  relatively  simple  mathematical  terma.  Fktmi  lbs 
equality  of  these  expressions,  it  is  then  found  that  the  rod  assumes  flu 
velocity  of  the  water  filament,  which  is  located  at  a  depth =0.61  X,  where 
(L]i  denotes  the  immersed  length  of  the  rod.  In  like  manner,  the  velodtj 
(V.)  of  the  rod  may  also  be  compared  with  the  computed  or  theoretical  mess 
v^  ocity  (v^  of  all  the  water  filaments  in  the  vertical  line  or  plane  from  the 
sui'face  to  the  depth  (L) ;  and  as  it  is  found  therefrom  that  <v,)  Is  a  Uttie 
lesR  than  (v,),  it  may  be  considered  that  (Vj)  is  equal  to  the  mean  velocity 
(v«i)  for  a  depth  a  little  greater  than  the  said  length  (X).  Under  ordinarr 
conditions  in  canals  and  rivers  with  regular  channels  and  moderate  veloei- 
tieii,  the  immersed  length  (X)  of  the  rod  should  be  about  M%  of  the  depth 
(T)  of  the  water  in  the  vertical  plane  of  observation. 

lYom  his  extensive  experiments  at  Lowell  with  such  rods  S  inches  in 
diameter  and  of  diiferent  length  (X)  ranging  from  87  to  99  per  cent  of  the 
depth  (T),  the  latter  being  made  to  vary  from  8.1  to  9Ji  feet,  and  with  mesa 
velocities  (vm)  rangins  from  0.5  to  2.8  feet  per  second,  Francis  dedneed  the 
folllowing  empirical  formula  for  finding  (v«)  from  the  observed  velocity  (v,) 
of  thenMl: 


Vm 


= vi{  1.102— 0.116  v^^^ — ^y 


Commenting  on  the  results  given  by  this  formula  in  comparison  with  the 
simultaneous  observations  of  discnarse  over  liis  standard  weir,  Mr. 
Francis  states  that  taking  the  whole  of  the  experiments  together,  the  aver^ 
ago  diiference  is.  about  }  of  1  i>er  cent,  and  that  the  largest  difference  is  aa 
excess  of  about  3.7  per  cent  over  the  weir  measurement  when  the  velocity 
was  only  0.5  foot  per  second.  It  is  also  probable  that  the  above  formula 
will  not  give  trustworthy  values  of  (vm)  when  the  immersed  length  (X)  of  the 
rod  is  less  than  75  per  cent  of  the  depth  (ST);  hence  it  is  desirable  to  make  (£) 
as  nearly  equal  to  (T)  as  the  character  of  the  bed  of  the  channel  will  p^ndt. 

Practical  Conslderatloa.— In  order  that  the  work  ofgauginga 
water-course  with  rods  may  be  prosecuted  expeditiously  and  with  lalrly 
accurate  results,  certain  practical  considerations  should  be  observed.  The 
rods  should  be  straight  cylinders  of  uniform  diameter  having  the  smooUiest 
practicable  surface.  Their  diameter  should  be  as  small  as  is  compatiUs 
with  proper  strength  and  stiffness,  and  the  loading  at  the  bottom  should  be 
concentrated  so  as  to  bring  the  center  of  gravity  as  low  down  as  possible  ta 
the  water,  at  the  same  time  being  rigidly  attached  so  as  to  remam  In  plaes 
even  if  the  rod  is  inverted.  They  should  also  have  ample  buoyancy,  in  order 
to  bring  them  quickly  to  their  normal  depth  of  Immersion  after  accideBtsl 
submergence,  and  the  projecting  portion  should  be  as  short  as  possible  cob> 
sistent  with  the  function  of  serving  as  a  marker.  In  their  experiments, 
Francis  and  Cunningham  used  tin  tubes  about  2  inches  in  diameter,  wblls 
Orebenau  and  others  used  varnished  wooden  rods,  having  diameters  tmrn 
1.2  to  1.6  inches.  Cunningham  also  used  such  rods*  but  gave  the 
to  the  tubes. 
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liin«n*  inch  la  a  term  much  in  use  on  the  Paciflo  Coast  and  in  the  mining 
r^^ona,  and  is  described  as  the  amount  of  water  flowing  through  a  hole  1 
inch  square  in  a  a-inch  plank  under  a  head  of  6  Inches  to  the  top  pf  the 
orifice. 

Fig.  28  shows  the  form  of  measuring-box  ordinarily  used :  and  the  follow- 
ing table  gives  the  discharge  in  cubic  feet  per  mmute  oi  a  miners'  inch 
of  water,  as  measured  under  the  various  heads  and  dUTerent  lengths  and 
heights  of  apertures  used  in  California. 


V 

•.4 

Openings  2  Inches  High. 

Openings  4  Inches  High. 

Length  0 

Opening 
Inches. 

Head  to 

Head  to 

Head  to 

Head  to 

Head  to 

Head  to 

Center, 

Center, 

Center, 

Center, 

Center, 

Center, 

6  Ins. 

einehes. 

7  Inches. 

6  Inches. 

6  Inches. 

7  Inohes. 

CuJt. 

Cu.  Ft. 

Cu.  Ft. 

Cu.  Ft. 

Cu.  JFt. 

Cii.Ffc 

4 

1.848 

1.473 

1.688 

1.320 

1.460 

1.570 

« 

In'ffR 

1.480 

1.686 

1.836 

1.470 

tjm 

8 

IJOBO 

1.484 

1.600 

1.344 

1.481 

1.608 

10 

1.861 

1.486 

1.602 

1.340 

1.487 

1.616 

12 

1.363 

1.487 

1.604 

1.352 

1.481 

1.620 

14 

1.364 

1.488 

1.604 

1.354 

1.484 

1.623 

16 

ijm 

1.488 

1.606 

1.356 

1.486 

1.626 

18 

1.365 

1.480 

1.606 

1.367 

1.488 

1.62£ 

90 

1.365 

1.480 

1.606 

1.368 

1.488 

1.63( 

22 

1.366 

1.480 

1.607 

1.350 

IJMO 

1.681 

24 

1.366 

1.480 

1.807 

1.860 

1J501 

1.689 

26 

ijsm 

1.400 

1.607 

1.361 

iJS02 

1.683 

28 

1.367 

1.481 

1.607 

1.361 

ijsm 

1.634 

30 

1.367 

1.481 

1.606 

1.362 

1.608 

1.63ff 

40 

1.367 

1.402 

1.606 

1.363 

1JS06 

1.631 

60 

1.368 

1.483 

1.008 

1.364 

1.607 

1.639 

60 

1.368 

1.408 

1.008 

1.365 

1.508 

1.64C 

70 

1.368 

1.483 

1.608 

1.365 

1.508 

1.64J 

80 

1.366 

1.483 

1.608 

1.366 

1.500 

1.641 

00 

1.360 

1.483 

1.610 

1.366 

liSOO 

1.641 

100 

1.360 

1.484 

1.610 

1.366 

IJiOO 

1.642 

KOTX.  —  The  apertures  from  tohieh  the  above  mecuwremente  were  obtaii%ed 
were  through  fnaterial  li  inchee  thick,  and  the  lower  edge  2  inchee  above  the 
hoitoim  cf  tkemeatuiring-hoxy  thus  giving  full  contraction. 


sxour  or 

(Pelton  Water  Wheel  Co.) 

Place  a  board  or  plank  in  the  stream,  as  shown  in  Fig.  28,  at  some  point 
where  a  pond  will  form  above.  The  length  of  the  notch  in  the  dam  should 
be  from  two  to  four  times  its  depth  for  small  auantities,  and  longer  for 
large  quantities.  The  edges  of  the  notch  should  be  beveled  toward  the 
intake  side  as  shown.  The  overfall  below  the  notch  should  not  be  less  tlum 
twice  its  depth,  that  Is,  12  inches  if  the  notch  is  6  inches  deep,  and  so  on. 

In  the  pond,  about  6  feet  above  the  dam,  drive  a  stake,  ana  then  obstruct 
the  water  untll  it  rises  preciselv  to  the  bottom  of  the  notch,  and  mark  the 
stake  at  this  level.  Then  complete  the  dam  so  as  to  cause  all  the  water  to 
flow  through  the  notch,  and,  after  time  for  the  water  to  settle,  mark  the 
sti^e  again  for  this  new  level.  If  preferred,  the  stake  can  be  driven  with 
its  top  precisely  level  with  the  bottom  of  the  notch,  and  the  depth  of  the 
water  be  measured  with  a  rule  after  the  water  is  flowing  free,  but  the  marks 
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at-e  preferable  In  moBt  cases.  The  stake  can  then  be  withdrawn ;  and  tike 
distance  between  the  marks  is  the  theoretical  depth  of  flow  corraspondiiv 
to  the  quantities  in  the  table. 

I*nuicta'a  ForMvlae  for  Wolrs. 

As  given  by 
Francis. 

Weirs  with  both  end  contractions )      ^ «  miilI 

suppressed j      V  — ^•*>** 

Weirs  with  one  end  contraction)      _       *  «o/i       «i.x  lI 
suppressed )      V  =  3.33(f  —  .lA)  h 


As  modUledbj 
Smith. 


3.39 


i 


Weirs  with  full  contraction      .    .        Q  =  3.33(/  —  .2A)A*       3.29/  /  —  i  j  *■ 

The  greatest  variation  of  the  Francis  formulae  from  the  value  of  e  girei 
by  Smith  amounts  to  3^  per  cent.  The  modified  Francis  formulae,  says  Smitk, 
will  give  results  sufficiently  exact,  when  great  accuracy  is  not  required, 
within  the  limits  of  A,  from  J5  feet  to  2  feet,  /  being  not  less  than  3  A. 

Q  =  discharge  in  cubic  feet  per  second,  /  =  length  of  weir  in  feet,  k  = 
effective  head  in  feet,  measured  from  the  level  of  the  crest  to  the  levd  of 
still  water  above  the  weir. 

If  ^  =  discharge  in  cubic  feet  per  miniUet  and  I*  and  A^  are  taken  in  inehci, 

the  first  of  the  above  f  ormulie  reduces  to  ^  =  O.H'h^  •  The  raluea  are  nt- 

ficiently  accurate  for  ordinary  computations  of  water-power  for  wein 
without  end  contraction,  that  is,  for  a  weir  the  full  width  of  the  chanod 
of  approach,  and  are  approximate  also  for  weirs  with  end  contraction  whea 
I  =  at  least  lOA,  but  about  6  per  cent  in  excess  of  the  truth  when  I  =  4A. 

ir«>lr  T»l»le. 

Table  Showing  the  Quantity  qf  Water  Passing  over  Weirs  m  Cmbie  Feet 

per  Minute. 

rdtu 


o  o  ^ 


2 

2 
2 
2 
2 
2 

f 


I*  fja  »i 

t  ^  9  o  S  V 


s 
oo  c 


4.85 
5.78 
6.68 
7.80 
8.90 
10.00 
11.23 
12.45 
13.72 
15.02 
16.36 
17.76 
19.17 
20.63 
22.11 
23.63 
26.20 
26.78 
28.43 
30.06 
31.75 
33.46 
36.22 
36.98 
38.80 
40.63 
42.49 
44.39 
46.29 
48.22 


ti 


6 


60.20 

62.18 

64.22 

66.26 

68.33 

60.42 

62.56 

64.68 

66.86 

68.98 

71.27 

73.46 

75.77 

78.04 

80.36 

82.63 

86.04 

87.43 

89.82 

92.16 

94.67 

97.11 

99.50 

102.10 

1(M.63 

107.13 

109.74 

112.31 

114.91 

117.61 


o  o 


10 

1 
1 
1 
1 
1 
1 
1 
11 

11 
11 
11 
11 
11 
11 

12 

m 


i(Vk  to 


120.18 
122.82 
126  JS2 
128.14 
130.93 
133.66 
136.43 
139.18 
141.99 
144.80 
147.61 
160.47 
168.36 
156.20 
160.14 
102.07 
164.99 
167.88 
169.92 
173.90 
176.92 
179.94 
182.99 
186.03 
189.18 
192.20 
196.32 
198.47 
201  J!9 
207.94 


O     O     Q 


214J8 

2ao.7« 


233.92 
9«a64 
M7.2S 
264.08 

30ULfl3 
267.77 
274.70 
281.72 


286.98 
908.10 
310.36 
317.68 
326.08 


888.81 
347.46 
866.08 

3a2.n 

8T0J4 
878wl2 


401.88 
408Ji 
417.48 
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MiMen'  KmcIi  KaMe. 

Cvblc  Veet  Table. 

The  following  table  gives  the  hone- 

The  following   table  gives  the 

powei 

*  of  one  miners'  inch  of  water 

horse-power  of 

one  cubic  foot  of 

under  heads  from 

one  up 

to  eleven 

water  per  minute  under  heads  from 

hundred  feet.    This  inoh 

equals  4 

one 

up  to  eleven  hundred  feet. 

oublo  feet  per  minute. 

a 

.9 

B  . 

eads 
Feet 

Hone- 

jsi 

Horse- 

St 

Hone- 

Horse- 

Power. 

power. 

II 

Power. 

11 

Power. 

H 

n 

» 

» 

1 

.0024147 

320 

.772704 

1 

.0016096 

820 

JS161d6 

20 

.0482294 

330 

.796861 

20 

.a%196 

830 

JS81234 

ao 

.072441 

340 

tsxXSSo 

30 

.048294 

840 

JM7332 

40 

.096688 

360 

.846146 

40 

.064392 

360 

Ji63430 

60 

.120736 

360 

.869292 

60 

.060490 

860 

JS79628 

flO 

.144882 

370 

.893439 

60 

.096688 

370 

ANMQO 

70 

.109029 

380 

.917686 

70 

.112686 

380 

.611724 

80 

.193176 

390 

.941733 

80 

.128784 

300 

.627822 

90 

.217823 

400 

.966880 

90 

.144892 

400 

.643920 

100 

.241470 

410 

.990027 

100 

.16U980 

410 

.660018 

110 

.2m617 

420 

1.014174 

110 

.177078 

420 

.676116 

120 

.289764 

430 

l.aS8321 

120 

.193176 

430 

.692214 

130 

.313911 

440 

1.062468 

130 

.209274 

440 

.708312 

140 

.338068 

460 

1.086616 

140 

.22K{72 

460 

.724410 

IBO 

460 

1.110762 

150 

.2U470 

460 

.740506 

100 

.386362 

470 

1.134900 

160 

.267668 

470 

.766606 

170 

.410499 

480 

1.169066 

170 

.273666 

480 

.772704 

180 

.434646 

490 

1.183206 

180 

.289764 

490 

.788802 

190 

.468793 

600 

1.207360 

190 

.306862 

600 

.804900 

200 

.482940 

620 

1.266644 

200 

.321960 

620 

.837096 

210 

.507067 

640 

1.303938 

210 

.338068 

640 

.869292 

220 

JS31234 

660 

1.352232 

220 

.364166 

660 

.901488 

230 

iS66381 

680 

1.400626 

230 

.370264 

580 

.933684 

240 

J(79628 

600 

1.448820 

240 

JW6352 

600 

.965880 

2G0 

.603675 

660 

US60666 

260 

.402460 

660 

1.046370 

200 

.627822 

700 

1.090290 

260 

.418548 

700 

1.126860 

270 

.661969 

760 

1.811026 

270 

.434646 

760 

1.207360 

280 

.676116 

800 

1.931760 

280 

.450744 

800 

1.287840 

290 

.700263 

900 

2.173230 

290 

.466842 

900 

1.448820 

aoo 

.724410 

1000 

2.414700 

30O 

.482940 

1000 

1.609800 

310 

.748667 

1100 

2.666170 

310 

.499038 

1100 

1.770780 

ffhtiM  the  Exact  Head  Is  foaad  la  AbOTe  Table. 

Example.  — Have  100  foot  head  and  60  inches  of  water.  How  many 
hone-power  ? 

By  reference  to  above  table  the  horse-power  of  1  Inch  under  100  feet 
head  is  .241470.  The  amount  multiplied  by  the  number  of  Inches,  50,  will 
give  12.07  hone-power. 

ITbea  Bxact  Head  la  aet  Faaad  la  Table. 

Take  the  hone-power  of  1  Inch  under  1  foot  head,  and  multiply  bv  the 
number  of  Inches,  and  then  by  number  of  feet  head.  The  product  will  be 
the  required  hone-power. 

The  above  formula  will  answer  for  the  cubic-feet  table,  by  substituting 
the  equivalents  therein  for  those  of  mlnen'  inches. 

NOTB.  —  The  above  itMei  curt  beued  upon  an  esffhieney  of  86  perotnU 
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■TBA«nh*t  WkecU,  In  whteb  the  wmEer  puM(  under  Mtlnc  bj  te- 
PdIm.  whan  oonaCracl«d  In  (he  old-fuhioced  way  wltli  Okl  bomrda  u  noaM, 
tu>Te*iuax]miimtbearetlcalelDBlsnc;of  GOporoenEi  bat  vlth  enrred  tatu, 
U  in  Poncelet's  vbe«l,  which  ti»  unwgad  >o  (hat  Cbe  wkter  entan  wlihoa 
■book  and  drou  tptta  tbs  Hoati  Into  the  tall-noa  wltbont  horlaaoUl  Trio- 
cltj,  tbs  mnilinuni  afflcleniiT  li  u  greit  u  for  oronhot  wheal*,  tai  thi 
■Tftllnble  oflloleDaf  Is  found  to  bs  BboDt  BO  per  cent.  Ths  velointj  of  tU 
mripber  J  ahonld  be  abouc  £  of  the  theoretioar  TSloolty  of  the  water  dm  «i 

Br«n*(  mm*  a>«nb*t  ^Tbeela. 

The  beat  perlpberal  velofllly  ia  about  B  feet  per  tecond,  and  for  the  WMB 
•uppliedtoltaboot  laieetper  seooDd,  which  la  the  Telocltr  doe  (oafallti 
about  a  feet ;  therefore,  the  point  at  whiah  (be  water  atrlkea  tba  wb«l 
should  Mil  feet  below  the  top-water  leTeL  The  chief  canae  of  loaalDOia- 
■hot  wbeela  la  the  Telocltf  which  the  water  pOHg»«  at  (be  looiiient  It  falb 
rrom  Che  Boat  or  backet;  otetihot  wheel*  are  good  for  lalla  of  13  feet  to  » 
leet ;  below  that  breaat  wheela  are  preferable.  The  ca^iacltT  of  the  boekia 
■hoold  be  tbree  tlmn  the  Tolume  of  water  held  In  each.  The  dlitanca  afan 
oftbebocketa  maj  be  II  inchu  In  bljli-breaat anr*  — — ■^--  —•---•-    —  .- 


[uchea  In  hlj^-breaat,  and  S  Inchea  le 


2  Inohea  In  l>}w-brei 


laj  be  •  IBi 


u  divided  Into  the  followln, 


___      _. ,_«  again  dirldr'  '—*'^-  '~"~ 

,  outward-flow,  and  Itiwarti-flow  turMne.,  ^,,.._^v  --  - 

Hblch  (be  wa(er  flowi  through  the  turbine  in  relatioa  to  It*  UM. 

Vantllel-A«w  MrMBca,  aometlmea  called  downward^ow,  ■ 
anltedforlewfalla,  noleiceedliica«]r30feet.    Fontaine'    '" 
claae,  the  nheel  being  placed  at  the  bolmm  of  tt 


atar-ptpo 


le  (all-raee  without  Ioh  oi 


irtjjjj 


bae  been  reallied  bj  Boydeo'a  tv 
uraeyron'i  bu  Riven  a  mailmnm  of  79  per  cent. 
m-flow  XnrMnaa  hare  been  dealgned  b;  Swain  and  othen. 
de  on  a  Swain  turbine  bT  J.  B,  Fnuioll  gare  a  maiimniB  eO- 
84  per  cent  with  full  lupplT.  and  with  the  gate  a  qaarter  opeB  d 
the  clrcniDferentlal  Telocity  ot  the  wheel  ranging  from  Ml  to  tt 
nflhe  theoretical  Telocity  due  to  the  head  of  waler,    la  r 
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the  edges  towards  the  bottom  of  the  floats  being  bent  into  a  quadrant  form. 
The  Viotor  turbine  is  claimed  to  give  88  per  cent  under  f  avoraole  conditions. 
It  receives  the  water  upon  Uie  outside,  and  discharges  it  downward  and  out- 
ward, the  lines  of  discharge  occupying  the  entire  diameter  of  the  lower  portion 
of  the  wheel,  excepting  only  the  space  filled  by  the  lower  end  of  the  shaft. 

iJBipMlac  TmrtolBce  are  suitable  for  yerv  high  falls.  The  Qirard  and 
Pelton  are  both  of  this  type.  It  is  advised  that  pressure  turbines  be  used 
on  heads  of  80  feet  or  100  feet,  but  above  this  an  impulse  turbine  is  best. 
A  Glrard  turbine  Is  working  under  a  fall  of  8C0  feet. 

ImstalllBC  Turbines. 

Particular  attention  must  be  paid  to  the  desiffning  and  construction  of 
water-courses.  The  forebay  leading  to  the  flume  Bnould  be  of  such  size  that 
the  velocity  of  the  water  never  exceeds  1^^  feet  per  second,  and  should  be 
free  from  abrupt  turns  or  other  defects  likely  to  cause  eddies.  The  tail-race 
should  have  similar  capacity  lUid  sufficient  depth  below  the  surface  of  the 
stream  to  allow  at  least  2  feet  of  dead  irater  standing  when  the  wheels  are 
not  in  motion,  and  with  large  wheels.  3  feet  to  4  feet ;  after  extending  sev- 
eral feet  beyond  the  flume,  this  may  be  gradually  sloped  up  to  the  level  of 
the  stream.  It  is  not  uncommon  to  see  2  feet  or  3  feet  of  head  lost  in 
defective  races. 

When  setting  turbines  some  distance  above  the  tail-race,  the  mouth  of  the 
draft-tube  must  be  2  inches  to  4  inches  below  the  lowest  level  of  the  stand- 
ing tail-water.  Theoretically  draft-tubes  may  be  30  feet  long ;  but  20  feet 
la  as  long  as  is  desirable  on  account  of  the  difficulty  of  keeplns  air-tight ; 
thev  should  be  made  as  short  as  possible  by  placing  the  turbine  at  the 
bottom  of  the  fall. 

Particulars  of  the  setting  recommended  for  Victor  turbines  are  given 
below,  as  an  example. 

Table  of  DlmeasloBe  ef  Victor  Tarblne. 


js  « 


111  15  & 


D. 


9 


"^ 


V  o  o 
•-«  o  4C  a 


£. 


F. 


K. 


^  fl  ' 
^'^•Si'3 


b  o  hi  2 

o     ♦» 

tig* 

lijg 
at  fa 


m 
m 


Lbs. 

166 

280 

360 

600 

890 

1126 

1476 

1900 

2335 


9 

s 


3640 
4600 

6460 

7800 

9380 

11700 

19000 


Tables  of  sizes  of  turbine  wheels  vary  so  much  under  different  makers, 
and  are  so  extensive,  as  not  to  permit  their  insertion  here,  but  through  the 
kindness  of  Mr.  Axel  EkstrOm  of  the  General  Electric  Company  I  am  per- 
mitted to  print  the  following  sheets  of  curves  for  the  MoCormick  type 
turbine  and  the  Pelton  impulse  wheel.  From  them  may  be  made  deter- 
minations of  dlmensionfi  In  much  shorter  time  than  is  necessary  by  use  of 
tables. 
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Ifr.  Boss  £.  Browne  states  that  "  The  fnnctionBof  a  water-wheel,  operated 


charging  It,  without  Inducing  turbulence  or  agitation  of  the  oarticlea.  Thk 
cannot  he  fully  effected,  and  unaToidable  difficultiet  neceMiitate  the  lo«(tf 
a  portion  of  the  energy.    The  principal  losses  occur  as  follows : 

"  First :  In  sharp  or  angular  diyersion  of  the  Jet  in  entering,  or  ia  lii 
course  through  the  bucket,  causing  impact,  or  the  oonTersion  of  a  poitko  d 
the  energy  into  heat  instead  of  useful  work. 

"  Second :  In  the  so-called  frictional  resistance  offered  to  the  motioiof 


ing  energy  wliich  has  not  been  oonverted  into  work. 

**  Hence,  in  seeking  a  high  efficiency,  there  are  presented  the  foDovtii 
ooi^  iiderations : 

"  1st.  The  bucket  surface  at  the  entrance  should  be  approximately  panl- 
lei  (o  the  relative  course  of  the  jet,  and  the  bucket  should  be  ourved  in  SBCk 
a  m  uiner  as  to  avoid  sharp  angular  deflection  of  the  stream.  If,  for  exsa- 
pie,  a  jet  strikes  a  surface  at  an  angle  and  is  sharply  deflected,  a  portion  of 
the  (rater  is  backed,  the  smoothness  of  the  stream  is  dlaturbed,  and  tha* 
restUts  considerable  loss  by  impact  and  otherwise. 

2i|.  The  number  of  buckets  should  be  small,  and  the  path  of  the  Jet  in  thi 
bu4iV.et  short :  in  other  words,  the  total  wetted  surface  should  be  amall,  if 
the  loss  by  friction  will  be  proportional  to  this. 

"  A  small  number  of  buckets  is  made  possible  by  applying  the  jet  tMafm- 
tiaM'f  to  the  periphery  of  the  wheel. 

"2ld.  The  discharge  end  of  the  bucket  should  be  as  nearly  tangentisl  to 
the  irheel-periphery,  as  compatible  with  the  clearance  of  the  bncket  "wtoA 
foUawB  ;  and  great  differences  of  velocity  in  the  parts  of  the  eenipinc 
waUr  should  be  avoided.  In  order  to  bring  the  water  to  rest  at  the  dto> 
charg^e.end  of  the  bucket,  it  is  easily  shown  mathematically  thai  the  veio- 
citv  of  the  bucket  should  be  one-half  the  velocity  of  the  let. 

"  in  ordinary  curved  or  cup  bucket  will  cause  the  heaping  of  more  or  lea 
dear  I  or  turbulent  water  in  tne  bottom  of  the  bucket.  This  dead  water « 
sub  )equently  thrown  from  the  wheel  with  considerable  velocity,  and  repre- 
sen  s  a  large  loss  of  energy. 

"  The  introduction  of  the  wedge  in  the  bucket  Is  an  efficient  meaas  of 
ava  (dins  this  loss." 

Wheels  of  this  ty^M  are  yery  efficient  under  high  heads  of  water,  and  hsm 
been  used  to  a  great  extent  in  the  extreme  western  parts  of  the  Unitci 
St«»s,  where  the  fall  is  in  hundreds  of  feet.  It  is  difficult  to  say  at  wkai 
point  of  head  the  efficiency  becomes  suc^  as  to  induce  the  use  of  some  other 
lorm  of  wheel;  but  at  200  feet  head  the  efficiencies  of  both  impulse  and  tor- 
bini)  will  be  so  much  alike  that  selection  must  be  governed  by  other  f  acton. 

Tasts  of  one  of  the  leading  impulse  wheels  show  efficiencies  varylnff  fras 
80  9^  to  86  %  according  to  head  and  size  of  jet.  However,  many  ncton 
besides  the  efficiency  enter  into  selection  of  water-wheels,  which  must  to 
subject  to  local  conditions,  and  as  In  most  water-power  plants,  each  ht 
special  case  by  Itself,  and  selection  of  apparatus  best  fitted  in  all  ways  most 
govern. 
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SHAPTINQ.   PULLEYS,  BBLTINQ,  ROPE- 

DRIVING. 


Thurston  glTM  the  following  formulsB  for  cAlcolating  power  and  tiie  of 
■hafting. 

H.P.  =:  hone-power  transmitted. 

d  =  diameter  of  shaft  in  inches. 

r  =  reyolatlons  per  minnte. 


For  head  shafts  well 
sapported  against 
springing. 


For  Iron,  ^.P.  = 

For  cold- 
r'llediron/r.P.— 


125 
rf»r 
^75" 


For    line  shafting 
hangers  8  feet 
apart. 


For  transmission 
simply,  no  pul- 
leys. 


For  iron,  HJ*.= 

For  cold. 

r'Ud  iron,iy.i>.  = 


rfV 
90 

55 


fu.      •           zr  »         ^^   ^       '/e2.6  H.P, 
For  iron,  H.P,  =  ^crii  d  =  V  ■ 

'  ^or   cold-              rfv    ^      ^/xTTp. 
r'lld  iron,  ILP^^  — - ;  d  =  y 


Jones  and  Langhlln's  use  the  same  formuhe,  with  the  following  ezce% 
tions } 

For  line  shafts,  cold-rolled  Iron,  H.P,z=^;  dz=:\/?^LlL£:, 

For  transmission  and  for  short-counters, 

Tamed  iron S.P.=:~;dzz\/^^-^^, 

60  T         r 


Cold-rolled  iron ff,P.  =  ^ ;  d=  V^??J^. 

Fullers  should  he  placed  as  near  to  bearings  as  practicable,  but  oate 
should  oe  taken  that  oil  does  not  drip  from  the  box  into  the  pulley. 

The  diameter  of  a  shaft  safe  to  carry  the  main  pulley  at  the  center  oi  a 
bay  mav  be  found  by  multiplying  the  fourth  power  of  the  diameter  obtaioid 
by  the  lormulso  above  given,  by  the  length  of  the  bay,  and  dividing  the  pi  o- 
duct  by  the  distance  between  centers  of  bearings.  The  fourth  root  oitlie 
quotient  will  be  the  required  diameter. 

The  following  table  is  based  upon  the  above  rule,  and  is  substantially 
correct  : 
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SqJ?8H 


In. 
2 

3 

8^ 

4 

5 

? 


Diameter  of  Shaft  neceflsarr  to  carry  the  Load  at  the  GcoUfd 
a  Bay,  which  is  from  Center  to  Center  of  Rearlngi. 


2|ft. 


In. 
3 


•  •  • 

•  •  • 

■  •  • 

•  •  • 


3  ft. 


S^ft. 


4  ft. 


in. 
2 

2 
3 

1 


5  ft. 


6  ft. 


in. 

3 
3 

4 

6 
6 

ei 


sft.  I  «& 


In. 

It 

4 

P 

t1 


iB. 

I 


Should  the  load  be  placed  near  one  end  of  the  bay,  mulHplv  the  fond 
power  of  the  diameter  of  shaft  necessary  to  safelv  carry  the  loaa  at  the  e» 
ter  of  the  bay  (see  above  table)  by  the  product  oi  the  two  ends  of  the  iWt 
and  diyide  this  product  by  the  product  of  the  two  ends  of  the  shaft  whm 
the  pulley  is  placed  in  the  center.  The  fourth  root  of  this  quotient  will  be 
the  required  diameter. 

A  shaft  carrying  both  receiylng  and  driving  pulleys  should  be  flgiire4ai| 
a  head-shaft. 

]>eflectt«B  of  /MiBfMac. 

(Penooyd  Iron  Works.) 

As  the  deflection  of  steel  and  iron  is  practioaUy  alike  under  slmilsr  < 
ditions  of  dimensions  and  loads,  and  as  shafting  is  ususilly  determined  If  { 
its  transverse  stiffness  rather  than  its  ultimate  strength,  nearly  thei 
dimensions  should  be  used  for  steel  as  for  iron. 

For  continuous  line-shafting  it  is  considered  good  practice  to  UmUtt*  I 
deflection  to  a  maximum  of  ^^  of  an  inch  per  foot  of  length.  The  wci^l 
of  bare  shafting  in  pounds  =  2.6  d*X  =  IT.  or  when  as  fully  loaded  vwi| 
pulleys  as  is  customary  in  practice,  and  allowing  40  lbs.  per  inch  of  wWft] 
for  the  vertical  pull  of  the  belts,  experience  shows  the  load  In  pcnndstot ' 
about  18  d^L  =  W,  Taking  the  modulus  of  transverse  elasticity  at 
lbs.,  we  derive  from  authoritative  formulss  the  following : 


L  zn'^mz  d^,d  =  \-gfit  'or  bare  shafting; 


L  =  ^m<P,d=z  V  ^1  'or  shafting  carrying  pulleys,  eto.s 

L  being  the  maximum  distance  In  feet  between  bearings  for  oontiam 
shafting  subjected  to  bending  stress  alone,  d  =  diam.  in  Inches. 

The  torsional  stress  Is  inversely  proportional  to  the  Telocity  of  rotatlos. 
while  the  bending  stress  will  not  be  reduced  in  the  same  ratio.  It  is  tbst^ 
fore  impossible  to  write  a  formula  covering  the  whole  problem  and  ssfr 
eiently  simple  for  practical  application,  but  the  following  rules  are  eorrsoi 
within  the  range  of  velocities  usual  in  nraotioe. 

Fbr  oontinuous  shafting  so  proportioned  as  to  defleet  not  more  than 
of  an  Ineh  per  foot  of  length,  ailowaace  being  mada  for  the 
effect  of  key-seats. 


=  V^ 


tS0J3,P. 


,£  =:  yJlTOd^  for  bare  ibafli  \ 
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*/7D  H,P, 

d  =  4  /       '^      ,  Lz=.yJ  140(l>,  for  shafts  carrying  pulleys,  eto. 

4M  =  diam.  in  inches,  L  =  length  in  feet,  r  =  rcTols.  per  minute. 

!fhe  following  tahle  (by  J.  B.  Francis)  gives  the  greatest  admissible  4i*> 
ecrncee  between  the  bearings  of  continuous  shafts  subject  to  no  transTene 
strain,  except  from  their  own  weight. 

Distance  between 
Bearings  in  ft. 


Distance  between 
Bearings  in  ft. 

/ * N 

IHam.  of  Shaft,  Wrought-iron  Steel 
in  inches  Shaf  U.      Shaf  U. 

2  15.46  15.8B 

8  17.70  18.19 

4  19.48  20.02 

5  20.90  21.67 


Diam.  of  Shaft,  Wrought-iron  Steel 
in  inches.  Shafts.     Shafts 

6  22.a0        22.92 

7  23.48        24.18 

8  24J!6         26.23 
0  26Jt3        26.24 


The  writer  prefers  to  apply  a  formula  in  all  cases  rather  than  use  tables, 
shafting  is  nearly  always  one^rixteenth  inch  less  in  diameter  than  the 
ae  quoted.    The  following  tables  are  made  up  from  the  formulie  first 
fl^yen  in  this  chapter. 


A«  Prime  Mover  or  Head  Shaft  well  Supported  by  Bearings. 


KcTolutions  per  Minute. 

• 

S 

60 

80 

100 

126 

160 

176 

200 

226 

260 

276 

800 

Ins. 

H.P. 

H.P. 

H.P. 

H.P. 

HJ». 

H.P. 

H.P. 

HJ». 

H.P. 

HJ». 

H.P. 

1| 

2.6 

3.4 

4.3 

5.4 

6.4 

7.6 

8.6 

9.7 

10.7 

11.8 

12i> 

? 

3.8 

6.1 

6.4 

8 

9.6 

11.2 

12.8 

14.4 

16 

17.6 

19.2 

2^ 

6.4 

7.3 

8.1 

10 

12 

14 

16 

18 

20 

22 

24 

*gL 

7JS 

10 

12.6 

15 

18 

22 

26 

28 

31 

34 

87 

« 

10 

13 

16 

20 

24 

28 

32 

36 

40 

44 

48 

3 

13 

17 

20 

26 

30 

36 

40 

45 

60 

65 

60 

31 

16 

22 

27 

34 

40 

47 

54 

61 

67 

74 

81 

gL 

20 

27 

34 

42 

61 

69 

68. 

76 

86 

93 

102 

^ 

26 

33 

42 

62 

68 

73 

84 

94 

106 

115 

126 

4 

80 

41 

61 

64 

76 

89 

102 

115 

127 

140 

158 

4k 

43 

68 

72 

90 

106 

126 

144 

162 

180 

198 

216 

e 

60 

80 

100 

126 

160 

176 

200 

226 

260 

276 

800 

s* 

80 

106 

133 

166 

199 

238 

286 

299 

888 

366 

400 

Appi«xlfliate_Ceatei«  •f _Be»rlaigrs  for  Wr»v|dit  Iron  Use 

"  'ii  of  P«lleje. 


Shaft,  Diameter  Inches   .    . 

7 

11 

2 

2J 

2i 
9 

21 
9» 

8 
10 

H 

4 

4 

o.  to  0.  Bearings  —  Feet  .    . 

7* 

8 

8» 

11 

IS 

18 

Shaft,  Diameter  Inches  .    . 

6 

f^ 

6 
15 

4 
14 

7 
16 

7» 
17 

8 
18 

9 
19 

10 

c.  to  c.  Bearings— FMt   .    . 

13* 

14 

29 
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LlNX^HAFTDTO,  BeABHTOS  8  FT 

.  Apabt. 

• 

§ 

s 

BeTolations  per  Minate. 

100 

125 

160 

176 

200 

226 

260 

276 

300 

336 

«• 

Ins. 

H.P. 

H.P. 

H.P. 

HJP. 

H.P. 

HJ*. 

H.P. 

HJ». 

H.P. 

HJ». 

H.P. 

If 

6 

7.4 

6J» 

10.4 

11.9 

13.4 

14.9 

16.4 

17.9 

19.4 

2U 

1} 

73 

9.1 

10.9 

12.7 

14.6 

16.3 

18.2 

20 

21.8 

23.6 

&4 

2 

3.9 

11.1 

13.3 

15.5 

17.7 

20 

22.2 

1M.4 

26.6 

28.8 

SI 

2^ 

10.6 

18.2 

15.9 

18J( 

21.2 

23.8 

'M£ 

29.1 

31.8 

34.4 

37 

2^ 

12.6 

15.8 

19 

2S 

26 

28 

31 

36 

38 

41 

U 

2I 

15 

18 

22 

26 

29 

38 

37 

41 

44 

48 

9i 

2X 

17 

21 

26 

30 

3( 

39 

43 

47 

52 

66 

m 

9 

23 

29 

34 

40 

46 

52 

68 

64 

69 

75 

81 

3 

30 

37 

45 

62 

60 

67 

76 

82 

90 

97 

M6 

34 

38 

47 

67 

66 

76 

86 

96 

104 

114 

123 

13S 

3* 

47 

69 

71 

83 

96 

107 

119 

131 

143 

166 

147 

Sf 

68 

73 

88 

102 

117 

132 

146 

162 

176 

190 

206 

4 

71 

89 

107 

126 

142 

160 

178 

196 

213 

231 

919 

POWKR  TBAVSXISSIOir  OKLY. 

• 

i 

BATolntioDs  per  Mlnato. 

•mm 

100 

126 

160 

175 

200 

238 

267 

300 

338 

H.P. 

387 

m 

Ins. 

H.P. 

H.P. 

H,P. 

H.P. 

H.P. 

H.P. 

HJ». 

HJ». 

HJ. 

HJ». 

1 

6.7 

8.4 

10.1 

11.8 

IBZ 

15.7 

17.9 

20.3 

22J» 

94.8 

SI 

1 

8.6 

10.7 

12.8 

15 

17.1 

20 

22.8 

26.8 

28.6 

SIA 

3IJ 

1 

10.7 

13.4 

16 

18.7 

21 JS 

26 

28 

32 

36 

39 

43 

I 

13.2 

16JS 

19.7 

23 

26.4 

31 

36 

30 

44 

48 

53 

2 

16 

20 

24 

28 

32 

37 

42 

48 

63 

58 

61 

2|^ 

19 

24 

29 

33 

38 

44 

61 

57 

63 

TO 

n 

21 

22 

28 

34 

39 

45 

62 

60 

68 

76 

83 

90 

21 

27 

33 

40 

47 

63 

62 

70 

79 

88 

96 

w 

2I 

31 

30 

47 

64 

62 

73 

83 

93 

104 

114 

IS 

^ 

41 

62 

62 

73 

83 

97 

111 

126 

139 

153 

167 

3 

54 

67 

81 

94 

108 

126 

144 

162 

180 

196 

Slf 

H 

68 

86 

108 

120 

137 

160 

182 

206 

228 

250 

2S3 

3} 

86 

107 

128 

160 

171 

200 

228 

257 

286 

313 

M3 

H«rse-power  TmM«mltted  bj    Cold-r»ll«4  Mrmwk 

▲S  PBIMB  MOYEB  OB  HEAD  BHAFT  WELL    8UPPOBTBD  BIT  BBASI9GC. 


• 

s 

s 

Kerolutions  per  Minute. 

60 

80 

100 

126 

160 

176 

200 

296 

SBO 

275 

!  « 

Ins. 

H.P. 

H.P. 

H.P. 

H.P. 

H.P. 

H.P. 

H.P. 

H.P. 

H.P. 

H.P. 

HJ». 

u 

2.7 

3.6 

4J> 

6.6 

6.7 

7.9 

9.0 

10 

It 

12 

U 

If 

4.3 

6.6 

7.1 

8.9 

10.6 

12.4 

14.2 

16 

18 

19 

21 

2 

6.4 

8.6 

10.7 

13 

16 

19 

21 

24 

26 

29 

39 

2i 

9 

12 

15 

i9 

23 

26 

30 

34 

38 

42 

46 

2I 

12 

17 

21 

26 

31 

36 

41 

47 

62 

57 

62 

3. 

16 

22 

27 

36 

41 

48 

66 

62 

70 

76 

81 

3 

21 

29 

36 

46 

64 

63 

72 

81 

90 

96 

168 

31 

27 

86 

46 

67 

68 

80 

91 

108 

114 

126 

las 

31 

84 

46 

67 

71 

86 

100 

114 

129 

142 

157 

ITS 

sl 

42 

66 

70 

87 

106 

123 

140 

158 

174 

193 

SI6 

4 

51 

69 

86 

106 

128 

149 

170 

192 

218 

9M 

266 

4* 

73 

97 

121 

161 

182 

212 

243 

273 

302 

3S3 

861 

BHAFTIKG. 
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LUrS-BHAFTIirO,  BEABIN08  8  FT. 

.  APABT. 

Bevoliitlons  per  Mlntita. 

1 

V 

5 

100 

126 

150 

176 

200 

226 

200 

275 

300 

826 

860 

Ine. 

HJE». 

H.P. 

H.P. 

HJP. 

H.P. 

H.P. 

H.P. 

H.P. 

HJ?. 

h.p! 

HJ». 

H 

6.7 

8.4 

10.1 

11.8 

13.5 

16.2 

16.8 

18.5 

20.2 

21.9 

23.6 

If 

8.6 

10.7 

12.8 

15 

17.1 

19.3 

21.6 

28.6 

26.7 

28.9 

81 

If 

10.7 

13.4 

16 

18.7 

21.6 

24.2 

26.8 

29  J> 

32.1 

34.8 

39 

H 

13.2 

16J^ 

19.7 

23 

26.4 

29.6 

32.9 

36.2 

39.5 

42.8 

46 

2 

16 

20 

24 

28 

32 

36 

40 

44 

48 

62 

66 

*Sl 

19 

24 

29 

33 

38 

43 

48 

62 

67 

62 

67 

^ 

22 

28 

34 

39 

46 

50 

56 

61 

68 

74 

80 

2# 

27 

33 

40 

47 

53 

60 

67 

73 

80 

86 

94 

2X 

31 

39 

47 

64 

62 

69 

78 

86 

03 

101 

100 

2^ 

41 

62 

62 

73 

83 

93 

104 

114 

126 

136 

146 

3 

54 

67 

81 

94 

108 

121 

134 

148 

162 

176 

189 

^ 

68 

86 

103 

120 

137 

164 

172 

188 

206 

222 

240 

86 

107 

128 

150 

171 

192 

214 

236 

267 

278 

800 

POWER  TBANSMIBSIOK  AND  SHOST  C0UNTEB8. 


ReTolQtions  pei 

'  Miniite. 

g 

a 

100 

125 

150 

175 

200 

233 

267 

300 

833 

867 

400 

Ins. 

H.P. 

HJ». 

H.P. 

H.P. 

H.P. 

H.P. 

H.P. 

H.P. 

H.P. 

H.P. 

H.P. 

!■ 

6.6 

8.1 

9.7 

11.3 

13 

15.2 

17.4 

19.6 

21.7 

23JB 

26 

J. 

8.5 

10.7 

12.8 

15 

17 

19.8 

22.7 

26.6 

28.4 

31 

34 

1: 

11.2 

14 

16.8 

19.6 

22  JS 

26 

30 

33 

37 

41 

46 

]'  ■ 

14.2 

17.7 

21.2 

24.8 

28.4 

33 

38 

42 

47 

52 

67 

1'  ' 

18 

22 

27 

31 

36 

41 

47 

53 

50 

66 

71 

ll  ' 

22 

27 

33 

38 

44 

51 

58 

66 

72 

79 

87 

2 

26 

33 

40 

46 

53 

62 

71 

80 

88 

97 

106 

2X 

32 

40 

47 

66 

63 

73 

84 

96 

106 

116 

127 

2z 

38 

47 

57 

66 

76 

89 

101 

114 

127 

139 

162 

2* 

44 

66 

66 

77 

88 

103 

118 

133 

148 

163. 

178 

2# 

62 

66 

78 

91 

104 

121 

138 

166 

172 

190 

207 

2z 

69 

84 

99 

113 

138 

161 

184 

207 

231 

264 

277 

3 

90 

112 

136 

167 

180 

210 

910 

270 

300 

330 

300 

Hollow  /iliafts. 

Let  d  be  the  diameter  of  a  solid  shaft,  and  dfy  the  external  and  internal 
diameters  of  a  hollow  shaft  of  the  same  material.    Then  the  shafts  will  be 

10-inoh  hollow  shaft  with 


=  ^S^=^.A 


of  equal  torsional  strength  when  d*  ^         . 

internal  diameter  of  4  ino&es  will  weigh  16^  lees  than  a  solid  10-inch  shaft, 
but  its  strength  will  be  only  2JS6  %  less.  If  the  hole  were  increased  to  6 
inches  diameter  the  weight  would  be  26%  less  than  that  of  the  solid  shaft, 
and  the  strength  4.25  %  lees. 

Table  for  M^mjimg  Omt  01i»ftlBC« 

The  table  on  the  following  page  is  used  by  Wm.  Sellers  ft  Go.  for  the  lay- 
ing oat  of  shafting. 
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BELTING.  1487 


TJnwin  saya  the  number  of  %rma  is  arbitrary,  and  gives  the  following 

allies: 

bd 
a  =  Number  of  arms  =  for  a  single  set  =  3  +  ^* 

d  =  diameter  pullev. 

t  =  thickness  of  edge  of  rim  of  pnlley  =  .76  inches  -f  .OOM . 
7=  thickness  of  middle  of  rim  of  pnfley  z=i2t-\-c. 
b  r=  breadth  of  rim  of  pulley  =  |  (2)  -f  0.4). 
JB  =  breadth  of  belk 

.  for  single  belt  r=  .6337  V — 
A^=  breadth  of  arm  at  hub  <{  \JL 


for  double  belt  =  .796  \/— 


hi  =  breadth  of  arm  at  rim  =  |  A. 

«  =  thickness  of  arm  at  hub  =r  0.4  h, 
e,  =  thickness  of  arm  at  rim  =  0.4  h^, 

e  =  orowning=  J^  b, 

L  =  length  of  huo  =  about  f  6. 

Renleauz  says  pulleys  of  more  than  one  set  of  arms  may  be  considered 
\  separate  pulleys,  except  proportions  of  arms  may  be  0.8  to  0.7  that  of 
■ingle-arm  pulleys. 

To  ItBd  Mse  of  Palle j. 

2>  =  diameter  of  driver,  or  No.  teeth  in  gear. 

d  =  diameter  of  driven,  or  No.  teeth  in  pinion. 
Rev  =  revolutions  per  minute  of  driver, 
rev  =  revolutions  per  minute  of  driven. 

,      Dx  Rev  D  X  Reo 

d  =  — •  re»  =  — ^ . 

rev  d 


The  coefllolent  of  friction  of  belts  on  pulleys  varies  greatly,  and  it  is  there 
fore  eustomary  to  use  some  arbitrary  formula  that  has  proved  Mife  in 
praiOtioe. 

d  =  diameter  pulley  in  inches. 
md  =  circumference. 

V  z=  velocity  of  belt  (or  pulley  face)  in  feet  per  minute. 
a  =  angle  of  arc  of  contact,  commonly  assumed  as  180^. 

I  =  length  of  arc  of  contact  in  feet  =  *^^  • 

Fzz  tractive  force  per  square  inch  crossHiection  of  belt. 
w  =  width  of  belt  in  inones. 
t  z=.  thickness  of  belt  in  inches. 

R 

8  =  traetive  force  per  inch  of  width  r=  -j* 

* 

rpm  =  revolutions  per  minute. 
« d      

V  =  1^  X  rpm, 

~"  33000  ~:         126060 

A  rule  in  common  use  for  approximate  determination  of  the  H.P.  of  belts 
Is.  that  a  single  belt  1  inch  wlcfe,  traveling  1000  feet  per  minute,  will  trana- 
mit  1  horse-power.  This  oorresponds  to  a  strain  on  the  belt  ox  S3  lbs.  per 
ineh  of  widtL 
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Authorities  say  Single  bells  can  be  safely  worked  at  45  lbs.  strain  per 
inch  of  width,  and  on  this  basis 

«r  »  —  ""'  —  dtpxrpm 
^•^•"-  733-       fflOO 

.Double  belts  are  said  to  be  able  to  transmit  power  In  the  ratio  of  10  to  7 
for  single  belts. 

H.  P.  of  double  belts  =  gj3  =  — j^eo      ' 

If  the  double  belt  is  twice  the  thickness  of  the  single  belt,  then  it  Is  fair 
to  assume  that  it  will  transmit  twice  the  power,  and 

H.P.of  double  belt  =  ^  = —^^. 

A.  9*.    "Stmgim   (Trans.  A.S.M.S.,  vol.  ii.  1881)  gives  the  foUowiag 
formula 

H.P.  =  cr^(t^?Z?). 

Where  C=  1  —  lO-«»7«f». 

/=  coefficient  of  friction. 

Hone-JPower  of  a  Belt  one  iBcb  ITlde,  Arc  of  Contact  ISO^. 


B 

^ 

fi&. 

Form.  6 

Nagle's  Form. 
A'^  single 

IN 

oclty  J 
tper 

ute. 

Form.  1 

Form.  2 

Form.  3 

Form.  4 

Double. 

§?§ 

H.P.  r= 

H.P.  = 

H.P.  = 

H.P.  = 

Belt 

Belt. 

wv 

*    w 

wv 

wv 

H.P.  = 

'3$! 

■3  Si 

660 

1100 

1000 

788 

wv 
613 

Laced. 

Biveted. 

10 

600 

60 

1.00 

JB6 

.60 

.82 

1.17 

.73 

1.14 

90 

1200 

100 

2.18 

1.00 

1.20 

1.64 

2.34 

1.64 

2.21 

30 

1800 

160 

.    3.27 

1.64 

1.80 

2.46 

3.61 

2.26 

3.31 

40 

2400 

200 

4.36 

2.18 

2.40 

3.27 

4.68 

2.90 

4.3S 

fiO 

8000 

260 

6.46 

2.78 

3.00 

4.09 

6.86 

3.48 

5.26 

eo 

360O 

800 

6.66 

3.27 

8.60 

44)1 

7.02 

3.96 

eM 

70 

4200 

360 

7.63 

3.82 

4.20 

6.73 

8.19 

4.29 

6.78 

80 

4800 

400 

8.73 

4.36 

4.80 

6.66 

Bjae 

4.60 

7J» 

90 

6400 

460 

3.82 

4.01 

6.40 

7.37 

lojsa 

4JS5 

7.74 

100 

8000 

600 

10J)1 

6.46 

6.00 

8.18 

11.70 

4.41 

7M 

110 

0800 

660 

•     «     • 

•     «     • 

... 

•     •    • 

«    •    • 

4.06 

7J97 

120 

7900 

600 

•     •     * 

•     •     ■ 

... 

*     •     • 

... 

3.40 

7.n 

Widtli  of  Helt  for  m  g;lTen  ^orse-Power. 

The  width  of  belt  required  for  any  given  horse-power  may  be  obtained 
by  transposing  the  f ormul®  for  horse-power  so  as  to  give  the  value  of  w. 
Thus: 

From  formula  (1),  10  = 

From  formula  (2),  10  = 

From  formula  (3),  w=z 
From  formula  (4),  10  = 
F*om  formula  (l^,*  w  =r 


660  H.  P.         9.17  H.  P. 

2101  H.  P. 

27BH.P. 

r       ■"       r 

~   d  xrpm 

~  L  X  rpm 

1100  H.  P.        18.88  H.  P. 

4209  H.  P. 

680  H.  P. 

V       -        y 

"   d  xrpm 

~  L  Xiya 

1000  H.  P.        16.67  H.  P. 

3890  H.  P. 

60OH.P. 

V          ^          F 
733  H.  P.          12.22  H.  P. 

"~    dxrjm 
2800  H.  P. 

aooH.p. 

V       "        y 

613  H.  p.         8JMH.P. 

""   dxrpm 
19«)  H.  P. 

~"  L  xrpm 
_  257  H.  P. 

V         ^        y 
*  For  double  belt8. 

~   d  X  rpm 

~  L  X  rpm 

BELTING. 
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XiravU^  «f  Belt. 

Approximate  rale;  twoptOleys  ff^^^^^)  X  3.1416]+ [2  xdlBtance 

between  centen]  =:  length  of  belt. 

Mieartli  of  Belt  In  Roll. 

Onteide  dUmeter  roU  in  inohes  4-  diameter  bole  x  number  tnrni  x  •IBOQ 
=:  length  of  belt  in  inches  for  doable  belt. 

IVelclit  of  Bolt  (flpproximate), 
L«Byth  to  tett  X  width  In  tochee  _  ^^^^^  ,^,^  ^^^^    MtM.  by  8  tor 

double  belts. 

TnuMMlttod  br  UrM«  I»OMl»le 
JLoathor  lloltfaSg-* 

(Baokley.) 


Width, 
Inches. 

4  2000 
B  MOO 
b     2800 

S.  aooo 

%  8600 

J  4000 

fl  4S00 

•H  6000 

"5  6600 

I    ^ 


4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

14 

22 

29 

86 

43 

60 

68 

.66 

72 

80 

17 

26 

36 

44 

62 

60 

70 

78 

88 

96 

20 

ao 

40 

61 

61 

71 

81 

91 

102 

112 

22 

83 

44 

64 

66 

76 

87 

98 

108 

12D 

26 

38 

60 

63 

76 

80 

101 

114 

127 

140 

28 

43 

68 

73 

87 

101 

116 

131 

146 

160 

32 

48 

66 

82 

98 

114 

131 

147 

163 

180 

96 

66 

73 

91 

100 

127 

146 

163 

182 

200 

40 

60 

80 

100 

120 

140 

160 

180 

200 

220 

44 

66 

87 

109 

130 

163 

176 

200 

218 

240 

24 


87 
106 
122 
131 
163 
174 
196 
218 
240 
260 


(Speed  X  width  +660  =  honeitower,  light,  double.) 
(Horse-power  x  660+  speed  =  width,  light,  double.) 


Power  Transmitted  by  He»Tj,  Doable  Bndl 
Mientber  Belttnf. 


Width, 
Inches. 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22» 

24 

4  2000 

18 

27 

86 

43 

61 

60 

70 

80 

86 

96 

104 

1  2100 

21 

31 

42 

n» 

62 

72 

83 

94 

106 

116 

120 

fe  280O 
S.  3000 

24 

36 

48 

61 

78 

86 

96 

100 

122 

136 

146 

27 

40 

63 

66 

78 

90 

104 

118 

129 

144 

167 

%     3600 
J  4000 

30 

46 

60 

76 

91 

106 

121 

137 

162 

168 

184 

36 

62 

70 

88 

104 

121 

139 

167 

174 

192 

209 

fl  4600 
•S  6000 

38 

60 

78 

98 

118 

137 

167 

176 

196 

216 

286 

43 

66 

87 

110 

130 

152 

174 

196 

218 

940 

262 

%     6000 

48 

72 

96 

120 

144 

168 

192 

216 

240 

264 

286 

1  aooo 

62 

78 

104 

122 

153 

183 

210 

240 

262 

288 

812 

S 

. 

(Speed  X  width  +  460  =  horse-power,  heary,  double.) 
(Horse-power  X  460  +  speed  =:  width,  heavy,  doable^ 
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C=  Ciromnference  of  rope  in  IncheB. 
Z)=  Diameter  of  pulley  m  feet. 
B=.  ReyolutioziB  per  minute. 


Hone'power  of  Bope: 


200 


=  H.P. 


or,  Half  the  diameter  of  rope  multiplied  by  the  hundreds  of  feet  per  mlB> 
ute  traveled.    (L.  I.  Sevmour.) 

Breaking  strength  of  manila  rope  in  pounds  rr  C  X  ooefDieient.  The 
ooefflcient  varies  from  900  for  ^inch  to  700  for  2-inch  diameter  rope.  Tbe 
following  is  a  reliable  table  prepared  by  T.  Spencer  Miller,  M.B.  (See  Jim- 
fineering  Newst  December  6, 1880.) 


Diameter. 


1 

I 

1 
1 

1 
2 


Ciroumferenoe. 


Ultimate  Strength. 

Coeffldent. 

2,000 

800 

8,260 

M6 

4,000 

820 

6,000 

7B0 

7,000 

780 

9,850 

7«6 

10,000 

760 

ISJiOO 

746 

16,000 

TSB 

18,200 

725 

21,760 

712 

26,000 

700 

This  table  was  compiled  bj  averaging  and  graduating  results  of  tests  at 
the  Watertown  Arsenal  and  Laboratory  of  Bienle  Brothers,  in  Philadelphia. 

Weight  of  manila  rope  in  pounds  per  foot  =  .032  (Ciroumferenoe  in 
inches>.    (C.  W.  Hunt.) 

or,  diameter  of  rope  in  inches  squared  =  weight  in  pounds  per  yard  ap- 
proximately. 

The  coeflElcient  of  friction  on  a  rope  working  on  a  cast-iron  pulley  =:  0.28 ; 
when  working  in  an  unsreased  groove  'it  is  increased  about  tnree  umes,  or 
from  0.57  to  0.84.  If  the  pulleys  are  greased,  the  coefficient  is  reduced 
about  one-half.  It  has  been  found  by  experiment  that  a  rope  6  inches  cir- 
cumference in  a  grooved  pulley  possesses  lour  times  the  adhMive  reslstanoe 
to  slipping,  exhibited  bv  a  half-worn,  ungreaaed  4-inch  single  belt. 

The  length  of  splice  snould  be  72  times  the  diameter  of  rqpe.  The  strength 
of  a  rope  containing  a  properly  made  "  long  splice"  was  found  to  be  7^00 
pounds  per  square  inch  of  section. 

A  mixture  of  molasses  and  plumbago  makes  an  excellent  dope  for  trans- 
mitting ropes.  Grease  and  oils  of  all  kinds  should  be  kept  frtwu  transmis- 
sion ropes,  since,  as  a  rule,  they  are  injurious. 

Following  is  another  formula  for  horse-power  of  manila  rope : 

^'^' ""      89000     • 

in  which  H.P.  is  the  horse-power  transmitted  by  one  rope,  V  the  veloeity  in 
feet  per  minute,  T^  the  maximum  working  stress,  and  C  the  centrifugal 
tension,  so  that  (ITo-^  (7)  is  the  net  tension  available  for  the  transmission  of 
power.    Taking  the  total  maximum  stress  at  200irP  and  allow  20  %  of  this 

for  slack  side  tension,  we  have  T^  =  160cf*,  so  that  H.P.  =^'^f!'IlP^'> 

"  33/K)0 

A  table  has  been  calculated  by  this  rule,  giving  the  honeiiower  per  ropa, 
(ransmittea  at  various  speeds. 


BOFB   DBITIMG. 


C=  GJomarvokx.  Twibio*  i 

N  MAHIU  BOFM 

-PomriM. 

Nominal  DlamaMc  at  Hope  In  Inshtn. 

' 

1 

1 

?       1 

U 

11 

1| 

•* 

l| 

11 

2 

<Boa 

at 

u 

307 

B 

•»• 

P*<i 

•r  • 

r  M>mU>  K*pM. 

la 

Nil 

miul  DIOmeMr  of  Bopa  In  Iiicb«i. 

1 

1 

1 

I 

1 

H 

tl 

i| 

li 

»l 

«1 

2 

m 

1M 

M4 

«M 

BOS 

1   PI 

t4n 

tTn 

•nf. 

W1 

^ 

2.17 

S.3« 

4.« 

"- 

8.B 

10.9 

IB.4 

IRJl 

2a.9 

aui 

M.7 

4 
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ROPE    DRIVING. 
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r«r  of  <*  Stevedore  *'  Trai 
Vaiiow  Mpoeds. 


iImIob  Hope  ai 


In  this  table  the  effect  of  the  centrifugal  force  has  been  taken  Into  con- 
sideration, and  the  strain  on  the  fibers  of  the  rope  is  the  same  at  all 
speeds  when  transmitting  the  horse-power  given  in  the  table.  When  more 
than  one  rope  is  used,  multiply  the  tabular  number  by  the  number  of  the 
ropes.  At  a  speed  of  6^400  per  minute  the  centrifugal  force  absorlM  all  the 
allowable  tension  the  rope  should  bear,  and  no  power  will  be  transmitted. 


VaMo  of  tlio  Hoiwo-Powor  of  Transai 

(Hunt's  Formula.) 

lIssIob  Hope. 

Diameter  of 
Hope. 

Speed  of  the  Rope  in  Feet  per  Minute. 

• 

1,600 

2,000 

2,600 

3,000 

3,600 

4,000 

4,600 

6,000 

6,000 

7,000 

8,400 

12 

1.46 

1.9 

2.3 

2.7 

3. 

3.2 

3.4 

3.4 

3.1 

2.2 

.0 

.20 

2.3 

3.2 

3.6 

4.2 

4.6 

6.0 

6.3 

6.3 
7.7 

• 

4.9 

3.4 

.0 

.26 

3.3 

4.3 

6.2 

6.8 

6.7 

7.2 
9.8 

7.7 

7.1 

4.9 

.0 

.30 

4JS 

6.9 

7.0 

8.2 
10.7 

9.1 

10.8 

10.7 

9.3 

6.9 

.0 

.36 

6.8 

7.7 

9.2 

11.9 

12.8 

13.6 

18.7 

12JS 

8.8 

.0 

.42 

9.2 

12.1 

14.8 

16.8 

18.6 

20.0 

21.2 

21.4 

19.6 

13.8 

.0 

.64 

18.1 

17.4 

20.7 

23.1 

26.8 

28.8 

30.6 

30.8 

28.2 

19.8 

.0 

.60 

U 

18. 

23.7 

28.2 

32.8 

36.4 

39.2 

41.6 

41.8 

37.4 

27.6 

.0 

.72 

2 

23.2 

30.8 

36.8 

42.8 

47.6 

61.2 

64.4 

64.8 

60. 

36.2 

.0 

.84 

For  a  temporary  installation  when  the  rope  Is  not  to  be  long  in  use,  it 
might  be  adVisable  to  Increase  the  work  to  double  that  given  in  the  tables. 

Slip  of  Hopes  and  Belts. 

(W.  W.  Christie.) 

Some  French  trials,  with  constant  resistance,  the  power  expended  and 
slip  in  several  modes  of  transmission  was  as  follows : 

Ropes,  168.64  gross  h. p.,  Slip,  0.38  per  oent. 

Cotton  belt,  160.67  "  "    0.78       «• 

Leather  **    168.84  **  ••    0.96       " 

"        "    160.23  "  *t    0.78       ** 

Stated  tn  percentage  value,  the  results  were : 

Ropes,  100.00  gross  power.  Slip,  0.100. 

Cotton  belt,  100.87  *♦  "      0.237. 

Leather  "    100.37  '«  ••      0.292. 

••        "    IOIjOT  ••  •«      0.287. 
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Manila  Cordage. 


Size.  Cir- 

camfer'ce. 

Inches. 


Size, 

Diameter. 

Inches. 


Weight  of 

IDO 
Fathoms. 


31 
44 

eo 

79 

99 

122 

146 

176 

207 

240 

276 

a06 

S66 

396 

490 

696 

706 

826 

960 

1100 

1266 

1416 

1686 


Feet  in 

one 
Pound. 


Breaking  Strain 

of  New  Ropes. 

Pounds. 


For  BfOpes  iji  use 
deduct  I  from 
these  figures,  for 
chafing,  etc. 

SXX) 

4000 

6000 

GQOO 

7000 

8800 

9600 
11000 
12600 
14000 
lOOOO 
90000 
94O0O 
27000 
31600 
87000 
42600 


61500 


Tarred 
Hemp. 


WeijAtoC 
Fathoms. 


40 

56 
75 
100 
135 
155 
ISO 


300 
355 

406 
465 
600 

GO 
759 
910 
1060 
1236 
1400 
1600 
18» 
2060 


Hawser  laid  will  weigh  |  less. 

Ifoiea  on  tlie  17a«a  of  IVire  ]Iop«. 

(Boebling.) 

Two  kinds  of  wire  rope  are  manufactured.  The  most  i>Uable  rariety  coa* 
tains  19  wires  in  the  strand,  and  is  generally  used  for  hoisting  and  numing 
rope. 

For  safe  working  load  allow  ^  or  ^  of  the  ultimate  strength,  according  to 
speed,  BO  as  to  get  g^ood  wear  from  the  rope.  Wire  rope  is  as  pliable  as  nev 
hemp  rope  of  the  same  strensth ;  but  the  greater  fhe  diameter  of  tbs 
sheaves  tne  longer  wire  rope  will  last. 

Experience  has  proved  chat  the  wear  increases  with  the  speed.  It  is, 
therefore,  better  to  increase  the  load  than  the  speed.  Wire  rope  most  nol 
be  coiled  or  uncoiled  like  hemp  or  manila— all  untwisting  or  kmking  most 
be  avoided. 

In  no  ease  should  galvanised  rope  be  used  for  running.  One  day's  use 
scrapes  off  the  zinc  coating. 

Table  of  StraliM  Prodvcod  l>j  I^vada  on   Inclined 


Elevation  in  100  Ft. 


Ft.    Deg. 
10=  5^ 
20=11 


30 


40  =  21ft 
60  =  26l 
60=31 
70  =  36 
80  =  381 


Strain  in  Lbs.  on 

Rope  from  a  Load 

of  1  Ton. 


312 

404 

686 

754 

906 

1040 

1156 

1260 


Elevation  in 
100  Ft. 


Ft.  Deg. 
90  =  42 
100  =  45 
110=471 
120=60 
130  =  62 
140=64 
160  =  66 
160  =  68 


Strain  in  Lbs.  on 

Bope  from  a  Load 

of  1  Ton. 


1347 
1419 
1487 
1644 
1603 
1633 
1671 
1709 


WIBK   BOPB. 
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Table  of  TnuMaUa«ioB«of  Power  bj  IFire  Ho] 

Showing  neoeasary  rise  and  speed  of  vheeU  and  rope  to  obtain  any  de* 
aired  amount  of  power. 

(Roebling.) 


Diam. 

of 
Wheel 
in  Ft. 


IMam. 

Diam. 

No.  of  ReT- 

of 

Horse- 

of 

olutions. 

Rope. 

Power. 

Wheel 
in  Ft. 

80 

3.3 

10 

100 

4.1 

120 

6. 

140 

5.8 

80 

/s 

6.9 

11 

100 

8.6 

120 

JL 

10.3 

140 

A 

12.1 

80 

1 

10.7 

12 

100 

1  • 

13.4 

120 

16.1 

140 

18.7 

80 

16.9 

13 

100 

'  L 

21.1 

120 

A 

26.3 

80 

f 

22. 

14 

100 

t 

27as 

120 

l 

83. 

80 

f 

41.6 

15 

100 

t 

61.9 

120 

1 

62.2 

No.  of  ReT- 
olations. 


80 
100 
120 
140 

80 
100 
120 
140 

80 
100 
120 
140 

80 
100 
120 

80 
100 
120 

80 
100 
120 


IMam. 

of 
Rope. 


Horse- 
power. 


68.4 

73. 

87.6 

102.2 

75  JS 

94.4 

113.3 

182.1 

90J 
124.1 
148.9 
173.7 

122.6 
163.2 
183.9 

148. 
186. 
222. 

217. 
259. 
300. 


NoTS.   For  list  of  transmission  ropes,  see  page  1326. 


The  drams  and  sheaves  should  be  made  as  large  as  possible.  The  mini- 
mum siae  of  drum  is  given  in  a  column  in  table. 

It  is  better  to  increase  the  load  than  the  speed. 

Wire  rope  is  manufactured  either  with  a  wire  or  a  hemp  center.  The 
latter  is  more  pliable  than  the  former,  and  will  wear  better  where  there  is 
short  bending.  The  weight  of  rope  with  wire  center  is  about  10  per  cent 
more  than  with  hemp  center. 
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CHAINS* 


The  slae  of  ehain  is  determined  by  the  Bise  of  the  stock  used  in  makiBf 
the  links. 

The  strength  of  the  iron  always  used  for  chains  is  from  41/100  to  66,000  lbs. 
tensile  strength  per  square  inch. 

C«il  Chata. 

(John  C.  Schmidt  A  Co.,  York,  Pa.) 


Size  of 

Links 

Iron 
in  Ins. 

jaer 
Foot. 

3-10 

IS 

1-4 

12 

6-16 

11 

»-8 

10 

7-16 

9 

Ay.  Weight 

per  100 
Ft.  in  Lbs. 


45 

76 

120 

160 

200 


Proof 

Siseof 

Links 

Load  in 

Iron 

F^t. 

Lbs. 

in  Ins. 

000 

1-2 

8 

1,400 

9-16 

7 

2,600 

6-« 

6 

4,000 

3-4 

5^ 

6,000 

7-6 

6 

At.  Weight 

per  100 
Ft.  in  Lbe. 


320 
400 
590 
7T0 


Proof 
Load  in 


7^000 

9,000 

11,000 

16,000 


Sliort  Kink  ClialBa. 

Ihrwif  TettB  Adopted  November  11  ^  1896. 
(Jones  &  Langhlins,  Limited.) 


Size. 
(Ins.) 

Proof. 
(Lbs.) 

BB 

Crane. 
(Lbs.) 

BBB 

Crane. 
(Lbs.) 

Average 

Wei^t 

per  Fbot. 

(Lbfc) 

. 

700 

770 

900 

.5 

1 

1,200 

1,320 

1,600 

J) 

X 

2,600 

2,750 

8.200 

1.22 

T 

3,500 

3,860 

4,425 

1.6 

Jp 

4,800 

6,280 

6,100 

2.0 

^ 

6,200 

6,820 

7,850 

2.6 

'^ 

7,800 

8,680 

9,870 

3.2 

§ 

9,600 

10,660 

12,160 

4.2 

^ 

11,600 

12,660 

"•"9 

6.0 

13,800 

16,180 

17,476 

5.9 

li 

16,200 

17,820 

20,600 

6u7 

y 

18,800 

20,680 

23,780 

7.9 

^ 

21,600 

23,660 

27,200 

9.0 

24,600 

27,100 

81,200 

10.2 

1^ 

26,300 

28,930 

33,300 

11.4 

29,600 

32,460 

37,800 

12.7 

lA 

33,000 

36,300 

41,750 

153 

1* 

36,600 

40,160 

46,175 

iX 

40,000 

44,000 

50,000 

17.2 

If 

44,000 

48,400 

66,600 

18^ 

.IJJ 

48,200 

63,000 

60,960 

20.4 

ll 

62,600 

67,760 

66,400 

22.2 

lA 

67,000 

62,700 

72,100 

34.0 

If 

61,700 

67,870 

78,060 

26.7 

1m 

66,600 

73,160 

84,120 

28.5 

^ 

71,600 

78,760 

90,575 

81.0 

Safe  working  load  slionld  be  about  one-half  of  proof  test. 
The  breaking  strain  is  about  doable  the  proof  test. 


LUBRICATIOir. 
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KITBlUICAnOW. 

When  two  bodlM  are  compelled  to  move,  one  upon  the  other,  the  reeist- 
anoe  enoonntered  is  called  friction,  of  which  we  naTO  three  kinds :  rolling 
and  sliding  of  solids,  and  fluid  friction  of  liquids  and  gases. 

The  reduction  of  friction  and  its  consequent  generation  of  heat  is  acoom- 
pMted  to  a  Uffge  extent  hy  the  VM  of  hihrloanti. 

Xhnnton  says  the  charaeterlstios  of  an  efficient  hihrioant  miat  be : 

1.  Enough  "  body,*'  or  combined  capillarity  and  Tisooslty  to  keep  the  sur^ 
faces  between  which  it  is  interposed  from  coming  in  contact  under  maxi- ' 
mum  pressure. 

2.  The  greatest  fluidity  consistent  with  the  preceding  requirements. 

3.  The  lowest  possible  co-efficient  of  friction  under  the  conditions  of 
actual  use,  i.e.,  the  sum  of  the  two  components,  soUd  and  fluid  friction, 
should  be  a  minimum. 

4.  A  maximum  capacity  for  receirlng,  transmitting,  storing,  and  carrying 
away  heat. 

5.  Freedom  from  tendency  to  decompose,  or  to  change  in  composition  by 
gumming  or  otherwise,  on  exposure  to  the  air  while  in  use. 

6.  Entire  absence  of  acid  or  other  properties  liable  to  produce  injury  of 
maAeriais  or  metals  with  which  they  may  be  brought  in  contact. 

7.  A  high  temperature  of  cTaporixation  and  of  decomposition  and  a  low 
temperature  of  soUdiflcation. 

8.  Special  adaptation  to  the  conditions  as  to  speed  and  pressure  of  rubbing 
aufaoes  under  which  the  unguent  is  to  be  used. 

0.  It  must  be  free  from  grit  and  all  foreign  matter. 

All  ^«»«— ^1  or  Veirvtable  Oils  erentually  decompose,  and  become 
gammy,  and  retard  ttie  speed  of  any  machine  to  which  they  may  be  applied. 

9ilta«n«l  OUa— which  are  used  in  steam  and  electrical  engineering  •>- 
do  not  absorb  oxygen,  and  do  not  take  fire  spontaneously!  as  do  the  animal 
and  Tegetable  oils. 


have  their  proper  place,  as  in  railroad  oar  axles,  and  in  cups 

feeding  journals  that  do  not  require  lubrication  untH  a  certain  predeter- 
mined temperature  has  been  reached,  for  which  the  grease  to  be  used  is 
suited. 


ie  Oils  should  not  be  used  in  any  place  from  which  there  is 

any  prospect  of  their  being  taken  to  the  inside  of  a  steam  boiler,  as  they 
materially  encourage  corrosion  and  pitting  of  boiler  shells. 

1V«igrlit  of  Oil  per  CkilloM.  The  PennsyWania  Railroad  speoiflea- 
tions  caU  for  these  approximate  weights :  Lard  oil,  tallow  oil,  neatsfoot  oil, 
bone  oil,  colza  oil,  mustard*«eed  oil,  rape-seed  oil,  paraffin  oil,  600  degree  fire 
test  oil,  engine  oil»  and  cylinder  lubricant,  7^  pounds  per  gallon. 


Well  oil  and  passenger  oar  oil 
Kary  sperm  oil  .    .    •    •    .    • 

Signal  oil 

aOO  degree  burning  oil     .    .    . 
160  degree  burning  oil    .    .    . 


7.4  lbs.  per  gallon. 
7,2  •*      "       •* 
7^1  <(      ti       i« 

6.9 "       •»       •• 
6.6  ••       *♦       •• 


In  many  of  the  large  power  plants  the  lubrication  of  a  large  proportion  of 
the  bearings  is  controlled  by  a  system  which  pumps  the  oil  tnrouffh  pipes  to 
bearings,  and  after  its  use,  it  is  drained  to  a  central  point  there  to  oe  filtered, 
and  foreign  matter  eliminated,  and  then  used  over  again. 

Lubrication  Is  more  apt  to  be  orerdone  than  to  be  negkeoted  to  damage  of 
machinery. 
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KMt  K«»riMUite  for  l^lifermit 

(Thonton.) 

Very  gi«at  pr««iiir««,.loir  .peed .    .  {  ^"f^^^S^*^'  ""^  ^^"^  **** 
.  HMT7pre«t»««,dowipeM    .    ,    .  j  Th«^ejl«rd  Mid  t-Ulow  Mid  otte 

H.aT7pr«.ar«..Uch.pMd    .    .   •  { ^PTtj^^Jii  oul'°"°"'    ""  ""^ 

LW.tpr«.nr«.hl,h.pe«J     .    .    •  { S'»™^.'St'to„uJJd  Su  ™'   """• 

(Lard  oil,  tallow  oil,  heary  minenl 
oils,  and  the  heayier  TcmtaMe 

Btoam  oylinden HeaTj  mineral  oils,  lard,  talknr. 

For  mixture  with  mineral  oiU,  sperm  fa  best ;  lard  la  mneb  OMd ;  ollf^ai 
eotton-«eed  oila  are  good. 


After  making  a  seriefl  of  exposure  tests  to  ascertain  the  eAelenfl/  of  ksd 
and  zino  paints,  O.  B.  Henderson,  N.  &  W.  Bailroad,  reaohea  tha  foUoviai 
conolnsions. 

Via*  —  The  beet  results  vere  obtained  with  the  first  coat  white  lead,  sal 
second  coat,  white  sine.  The  second  coating  of  sine  gave  generally  the  beil 
results,  and  the  second  coating  of  lead  the  most. 

C^al vanls«d  Xtoa.  ~-  The  same  remarks  apply  to  galranlsad  Ina  m 

given  for  tin. 

Slieet  Xf««.  ~  The  mixture  of  one-third  white  sine  and  two-thirds  white 
lead,  for  both  coats,  gave  the  best  results  on  this  material,  and,  in  ganenl, 
the  zino  paint  gave  better  results  than  the  lead  paints. 

Poplar.  —  The  second  coats  of  sine  showed  up  well  on  poplar,  no  matter 
whether  the  priming  coats  were  white  lead  or  wmte  zinc,  or  mixed  lead  aai 
zinc.  The  lead  second  coating  showed  up  the  most  on  this  material,  but  is 
each  case  where  the  second  coat  was  of  zinc,  totally  or  partially,  the  paist 
was  in  a  perfect  condition. 

IFUto  Pino.  —The  same  remarks  apply  to  white  pine  as  to  poplar. 

Yollow^  Pino*  —  This  material  seems  to  be  diflcult  to  properly  tnst 

with  paints ;  the  best  results  were  obtained  with  the  first  coat  of  lead,  and 
the  second  coat  of  lead  and  zinc  mixed.    Where  the  first  coat  was  of  lesd 
and  zinc  mixed  or  entirely  of  zinc,  the  results  were  poor  throughovl,  wUdi 
seems  to  indicate  that  as  a  general  thing  the  lead  is  better  for  prlBBlng  sa ' 
this  material. 


;l«aloB.  —  Lead  priming  and  zinc  coating  are  generally  good  for 
tin,  galvanized  iron,  poplar  and  white  pine.  Sheet  iron  shows  up  best  with 
both  coats  of  mixed  paints.  Yellow  pine  appeared  best  with  the  flnt  eoaft 
of  lead  and  the  second  coat  of  lead  and  zinc  mixed. 

Oomparing  the  materials  which  were  painted,  we  find  tnat,  generally,  pop- 
lar retains  the  paint  better  than  white  pine;  and  would  therefore,  oe  pee- . 
ferred  for  siding  on  buildings,  etc.    Yellow  pine  seems  to  be  the  wont  s(  j 
all  for  this  purpose.     Black  iron  as  a  whole  retains  tlio  paint  better  thsa 
aither  tin  or  gaiTanized  iron. 


MIBCEIiLANBOUS   TABLES. 
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MISCELLANEOUS  TABLES. 


dalloB.  —  The  Btandard  gallon  measures  231  cabio  inohee,  and  contains 
8.3388822  pounds  avoirdapols  =  68372.1767  grains  Troy,  of  distilled  water,  at 
ito  mazlmnm  density  39.83^  Fahrenheit,  and  30  inches  barometer  height. 

Bwli«l.  —  The  standard  bushel  measures  2160.42  cubic  inches  =77.627413 
pounds  avoirdupois  of  distilled  water  at  39.83°  Fahrenheit,  barometer  30 
inches.  Its  dimensions  are  18^  inches  inside  diameter,  19^  inches  outside, 
and  8  inches  deep ;  and  when  neaped,  the  cone  must  not  be  less  than  6 
inches  high,  equal  2747.70  cubic  inches  lor  a  true  cone. 


1.— The  standard  pound  avoirdupois  is  the  weight  of  27.7015  cubic 
inches  of  distilled  water,  at  30.83''  Fahrenheit,  barometer  30  inohesi  and 
weighed  in  the  air. 

MesMore  of  ILmmgtU, 


MUes. 

Furlongs. 

Chains. 

Bods. 

Yards. 

Feet. 

Inehes. 

1 
0.125 
0.0126 
O.008126 
0.00066818 
O.00O18939 

8. 

1 
0.1 
Oj026 
0.0046464 
0.00151616 
0.000126262 

80 

10 

1 
0.25 

0.046454 
0.01515161 
0.001262626 

820 

40 
4 

1 
0.181818 
0.0606060 
0.00600060 

1760 

320 

22 

6.5 

1 

0.33333 

5080 
660 

66 
16JS 
3 
1 
0.063333 

63360 

7920 

792 

196 

36 

12 

OX00016783 

0.02'/VV7V 

1 

llEeaa«re  of  Sorfisco* 


8q.  Miles. 

Acres. 

S.  Chains 

8q.  Rods. 

Sq.  Yards 

Sq.  Feet. 

Sq.  Inches 

1 

640 

6400 

102400 

3097600 

27878400 

4014488600 

0'001662 

1 

10 

160 

4840 

43660 

6272640 

O.00O1562 

0.1 

1 

16 

484 

4366 

627264 

O.000009764 

0.00625 

0.0626 

1 

30.26 

272.25 

39204 

O.000000828 

OJOOOOKS 

0.002066 

OjQ330 

1 

9 

1296 

O.0000000968 

0.00002296 

0.0002296 

0.00367 

0.1111111 

1 

144 

O.00000000026 

0.000000150 

0.00000169 

0.00002652 

0.0007716 

0.006944 

1 

HIosM«re  of  Capacttj. 


Cub.  Yard. 

Bushel. 

Cub.  Feet. 

Fecks. 

Oallons. 

■ 
Cub.  Inch. 

1 
0.08961 
0.037087 
O.009268 

21.6962 
1 
0.803564 
0.26 
0.107421 

27 
1.24446 

1 
0.31114 
0.133681 
0.000547 

100.967 
4 
3.21426 

1 
0.429684 
0.001860 

201.974 
9.30918 
7.4805 
2.32729 

1 
0.004329 

46666 
2150.42 
1728 
587.606 
231 
1 

1500 


HISOELLAITEOUS    TABLES. 


Measore  of  Idqnlds. 

GMlon. 

Quarto. 

Pints. 

Gtlls. 

Cub.  Inch. 

1 
0.26 
0.125 
0.03125 
0.004329 

4 
1 

0.6 

0.125 

0.17316 

8 

2 

1 
0.25 
0.03463 

32 

8 

4 

1 

0.13868 

231 
67.7S 
28.875 
7.21875 

1. 

Mea»ar<M  of  IFoftirlite* 

AVOIRDUPOIS. 

Ton. 

Cwt. 

Pomfds. 

Otinoes. 

Dramft. 

1 
0.05 

0.00044642 
0.00002790 
0.00000174 

odd 

2240 

112 

1 

0.0626 

0.0016 

36840 
1792 
16 
1 
0.0825 

673440 

.    28092 

26f 

16 

1 

TROY, 


Pounds. 

Ounces. 

I>wt. 

GnlBs. 

Ponnd  AToir 

1     , 
0.083333 
0.004166 
O.0001736 
1.215275 

12 

1 
O.O60OO 
0.002083333 
14.58333 

240 
20 
1 
0.0416666 
291.6666 

0760 
480 
2ft 
1 

7000 

3e6d 

APOTHEGABIE8. 

Pounds. 

Ounces. 

Drama. 

Scruples. 

Grains. 

1 
0.08333 
0.01041666 
0.0094722 
0.00017361 

12 

1 

0.125 

0.0410666 

OXKKiOK33 

96 
8 

1 
0.3333 
0.016666 

288 

2ft 

8 

1 
0.06 

0760 
480 

60 
20 

1 

Micron  =  .000,001  meter 
=  XOl  millimeter 


JBqolTisloBte  of  I^itteisl 

IWoaaoroa  —  Metrical  aadi  KacHA. 

Meters. 

English  Bfeasures. 

Inches. 

Feet. 

Tards. 

MilM. 

Millimeter  .    .  mm 
Centimeter     .    cm 
Decimeter  .    .    . 

MClCf  •      •      •      •     . 

Decameter      .    . 
Hectometer    .    . 
Kil9meter  .    .    . 
Miriameter 

.001 
.01 
.1 
1. 
10. 
100. 
1,000. 
10,000. 

.039370 
.383701 

34moii 

I9.I791II 

.003281 

.032800 

.828084 

3.280842 

32.80643 
328.0843 
3280.843 

.001094 
.010036 
.109361 
I.09MI4 
10.98614 
109.9614 
1003.614 

'.MMa 
.006214 
.0GS137 
.6813a 

MIBCELtiANBOUS  TABLES. 
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m^mivmltimU  of  Uaeal  llEea««rM  —  llE«i. 


(.amABiV 

,^Qmtinued. 

Meters. 

BeciprocalB. 

.02539954 

39.37079 

.9047946 

3.280899 

.9143835 

1.003633 

5.029109 

.1988424 

20.11644 

.0497106 

ieOO.3149 

.00062138 

Bngliflb  Measures. 


llnoh 

12inoliee=l  foot 

3  feet  =  1  yard 

5^  7ardft=l6|  f  eet=:l  rod  or  pole 

4  polee = 66  feet = 22  yards = 1  chain  (Onnter's) 
ao  chalas = 320  poles = 628ftf  t.=  1760  yds.  =  Imile 

A  Qunter's  ohaln  has  100  links.    Each  link  =r  7.92  Inches  =  0.2017  meter. 


9f  S«peHlclal  Hfeasaros— Metrical  Arnd 

(MXTBIOAL  AlCD  BKQUSH  MBASUIUBS.) 


Milliare  .    .    . 
Centlare^sq.met 
Declare    .    .    . 

An 

I>ecare(not  used) 
Hectare  .    .    . 
Square  kilometer 


Square 
meters. 


.1 
1. 
10. 

m. 

1000. 

10000. 

1000000. 


English  Measures. 


Square 
Inches. 


155.01 
1550.06 
16500  JS9 
15566fi.9 


Square 
feet. 


1.076 
10.764 
107.04 
II7«.4 
10764.3 
107643. 


Square 
yards. 


.119 

1.196 

11.960 

iif.M2a 

1196.033 
11960.33 


Acres. 


2.4711431 
247.11431 


Square 
miles. 


.386126 


English  Measures. 


1  square  inch 

144  square  inches  =  1  square  foot    . 

9  square  feet  =  1  square  yard      .    . 
8M  sq.  yds. ) ..  1  perch  =  l  square  rod 
272|  sq.  ft. )      or  pole 

10  sq.  chains  }  ~  ^  **^'® 

040  acres  =  1  square  mile     .... 


Metrical  Measures. 


Reciprocals. 


6.461387  sq.  cent. 
.09289968  sq.mt. 
.8300972    "    " 


26.29194 

4046.711 
2589894  Ji 


(«       u 

«     (( 


.1550069 
10.7642996 
1.196033 

.0806383 

.00024711 
.00000098612 


K««lval«B«a  of  '^^•Ufl^^ —^^•twieml  vtmA  MmarlimlA, 


Milligramme  . 
Centigramme  . 
I>ecigramme  . 
Qraaae  .  .  . 
I>eoagramme  . 
Hectogramme . 
Kilogramme  . 
Myrifkgramme . 
Quintal  .  .  . 
MiUier  or  Tonne 


Grammes 

English  Weigh  U. 

Ox. 

Lbs. 

Tons 

Tons 

avoir. 

aToir. 

2000  lbs. 

22401bs. 

Ml 

•  •  •  • 

•  •  •  • 

.01 

•  •  .  • 

.... 

.1 

...» 

.... 

1. 

.UU 

.6122 

10. 

.3627 

.02205 

100. 

3.5274 

.22046 

lOOO. 

36.2739 

2.2046 

.001102 

.000084 

10000. 

362.7394 

22.0462 

.011023 

.000842 

100000. 

3627.3943 

220.4261 

.110231 

.006421 

1000000 

•     •     •     • 

2204.6215 

1.102311 

Mi 

1206  1 

Troy 
weight. 

.015  GrsT 
.15     " 
1JS43    " 
».4a2l8<* 

•  •  •  •  • 

•  •    ■   .  OS. 

32.160727'* 

321Ji07266** 

8216.07266  " 

32150.72666** 


English  Weights—**  AToirdupois.' 


Grammes. 


1  grain 

2434370  grains  =  1  dram  .  .  .  , 
16  drams  =  1  ounce  =  437  JS  grains 
16  ounces  =  1  pound  =  7000  grains 
lOD  lbs.  =  1  cwt.  (American)  .  .  , 
112  lbs.  =  1  cwt.  (English)  .  .  .  . 
20  cwt.  =  1  ton  (AmO  In  kilos  .  . 
20  cwt.  =  1  ton  cEng.)  in  kilos    .    . 

English  Weights—**  Troy." 

1  grain 

24  grains  =  1  dwt 

20awt=loB 

12  o«.  =  1  lb 


.06479896 
1.771836 
28.348376 
463.502662 
46366.266 
60602.376 
907.18524 
10164)4758 

.06479896 
1JS66175 
^81.106tt6 
373.241964 


Reciprocals. 


16.43234876 
.664383 
.0862739 
.00220462 
.000022046 
.00001968 
.001103311 
U)00964206 

16.43284976 
.6430146 
.8216078 
.00967028 


2 

1^ 

iS 

M 

iis^ii; 

i  li 

1  % 

iwii|;; 

iiiilin 

it 

\\^: 

4 

i.5|j|:;; 

-d,  a 

in'^-^i 

k  i 

'"-«ii 

1 

i 

m 

m 

i.  k 


lip 

iilii 


HISOBLLAKBOUB  tTABLBS. 
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Metrical  Meararvs  K^viTaleat  to  Kacll«li  Measa 


Meters. 

Inchee. 

Feet. 

l-/- 

0.039 

0.0068 

2 

0.079 

0.0066 

8 

0.118 

0.0096 

4 

0.167 

0.0181 

6 

0.197 

0.0164 

6 

0.236 

0.0197 

7 

0.276 

0.0280 

8 

0.315 

0.0262 

9 

0.364 

0.0285 

10-/»  =  !•/- 

0.394 

0.038 

a 

0.787 

0.066 

8 

1.181 

0.096 

4 

1J^75 

0.131 

6 

1.968 

0.101 

6 

2.862 

0.197 

7 

2.766 

0.280 

6 

8.160 

0.262 

9 

8.648 

0.295 

]0./.  =  .l* 

8.987 

0.328 

.3 

7.874 

0.666 

•8 

11.811 

0.984 

.4 

16.748 

1.312 

J» 

19.685 

1.640 

.6 

23.622 

1.969 

.7 

27.660 

2.287 

4 

81.497 

2.625 

^ 

36.434 

2.963 

1-0 

88.370 

8.281 

for  tlio  GonvoTSloa  of  Mile.  (1-14MIO  laclio*)   iato 


Centi- 

Centi- 

Genti- 

Centi- 

Mils. 

meten. 

MllB. 

meten. 

Mils. 

meten. 

Mils. 

meters. 

1 

.00264 

18 

.04671 

35 

.06888 

62 

.1321 

2 

J00608 

19 

.•04825 

36 

.09142 

63 

•1346 

8 

.00762 

20 

.06079 

37 

.08396 

64 

.1372 

4 

.01016 

21 

Mass 

38 

.00660 

66 

.1397 

6 

.01270 

22 

.06687 

39 

X9904 

66 

.1422 

6 

Xn524 

23 

Ue841 

40 

.1016 

67 

.1448 

7 

.01778 

24 

.06006 

41 

.1041 

68 

.1473 

8 

.02082 

25 

.06348 

42 

.1067 

60 

.1499 

9 

Xn286 

26 

.06002 

43 

.1092 

60 

.1624 

10 

J02540 

27 

.06866 

44 

.1118 

61 

.1549 

11 

.02793 

28 

4)7110 

46 

.1143 

62 

.1676 

12 

MM 

29 

.07364 

46 

.1168 

63 

.1600 

13 

.08801 

80 

.07618 

47 

.1194 

64 

.1626 

14 

.08566 

81 

.07872 

48 

•1219 

66 

.1651 

16 

.68800 

82 

M12B 

49 

.1246 

66 

.1676 

16 

iM063 

83 

.06380 

50 

.1270 

67 

.1702 

17 

J0I817 

34 

.06634 

61 

.1295 

68 

.1727 

1604 


MISOELl^AKBOUS   TABLES. 


Table  f»r  the  Coiiv«nlon  of  Mllm,  —  Qmtinued. 


Centi- 

Centi- 

Centi- 

Centi- 

Mils. 

meters. 

Mils. 

meters. 

Mils. 

meters. 

Mils. 

meteiiL 

09 

.1752 

77 

.1956 

85 

.2150 

99 

.-2382 

70 

.1778 

78 

.1981 

86 

.2184 

M 

JSSi 

71 

.1803 

79 

.2006 

87 

.2200 

96 

.2U3 

72 

.1829 

80 

.2032 

88 

.2235 

96 

.243S 

73 

.1854 

81 

.2057 

89 

.2260 

97 

.2465 

74 

.1879 

82 

.2083 

90 

.2286 

96 

M» 

76 

.1906 

83 

.2106 

91 

.2311 

99 

J5U 

76 

.1930 

84 

.2133 

92 

.2336 

100 

.2610 

Barl*«l>  M«as 


Sqaivaleat  to  llEotrlc«l  llloasi 


e 

I 

9 

B 


0.794 

1JS88 

2.381 

3.175 

3.969 

4.762 

6.556 

6.360 

7.144 

7.937 

8.731 

9iS25 

10.319 

11.112 

11.906 

12.700 

13.494 

14.287 

16.061 

15.875 

16.668 

17.462 

18.256 

19.060 

19.843 

20.637 

21.430 

22.224 

23.018 

23.812 

24.606 

26.400 


O 

a 


1 
2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 


0.0264 
.0606 
.0762 
.1016 
.1270 
.1624 
.1778 
.2032 
.2286 
.2540 
.2794 
.3048 


0.01 
0J02 
0.03 
0.04 
0.06 
0.06 
0.07 
0.08 
0.09 
.1 
.2 
.3 
.4 
.5 
.6 
.7 
.8 
.9 
1.0 
2 
3 
4 
5 
6 
7 
8 
9 
10 


« 


.003 

.006 

.009 

J012 

.015 

.018 

.021 

.021 

.027 

.030 

.061 

.091 

.122 

.152 

.188 

.213 

.244 

.274 

.306 

.610 

.914 

1.219 

1JS24 

1.829 

2.134 

2.438 

2.743 

3.048 


10 

20 

30 

40 

60 

60 

70 

80 

90 

100 

200 

300 

400 

600 

000 

TOO 

800 

900 

1000 


S 


a.048 

6.066 

9.144 

12.198 

16.210 

18.288 


94JB4 

87.431 

30.479 

eOJ09 

91.438 

ISIJM 

153.397 

182.877 

3iaJ66 


274.316 
304.194 
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CoMTeraioA  of  "MmmU&m  wuUi  "Igfctli*  tato  DedHaala  of  u 


Fractiona  of  an  Ineb. 

InebM. 

0 

i 

\ 

i 

h 

»     ft 

} 

1 

0 

MOO 

.01041 

.02063 

.08125 

.04100 

.06206 

.0025 

.07291 

1 

.06333 

.00376 

.10416 

.11468 

.126 

.13641 

.14688 

.16639 

2 

.16660 

ATJCfr 

.1876 

.19792 

.20632 

.21873 

.22914 

.2.190S 

8 

.25 

.20041 

.270 

.28126 

.29100 

.30206 

.3126 

.32291 

4 

.33338 

.34375 

.36416 

.304 

.376 

i»641 

.39688 

.40038 

5 

.41666 

.42707 

.437 

.44792 

.46832 

.40873 

.47914 

.48906 

6 

.6 

.61041 

.620 

J»126 

.64106 

US6206 

.6826 

JS7291 

7 

JS8833 

JS0376 

.00416 

.614 

.026 

.63641 

.64686 

.06630 

8 

.00606 

.07707 

.685 

.09792 

.70632 

.71773 

.72914 

.73865 

9 

.75 

.70041 

.770 

.78125 

.79109 

.80206 

.8426 

.82291 

10 

.83333 

.84375 

.86416 

.864 

.876 

.88641 

.80688 

.90630 

11 

.91066 

.9xtm 

.937 

.94792 

.96832 

.90873 

.97914 

.98965 

12 

Ifoot. 

foot. 

foot. 

foot. 

foot. 

foot. 

foot. 

foot. 

A  in.  =  0.005208  ft ;  ^  in.  =  0.00265  ft. ;  ^  In.  =  0.001376  ft. 


A 

« 

Alpha. 

B 

^ 

Beta. 

r 

I 

Oamma. 

A 

Delta. 

B 

« 

Epflllon. 

Z 

< 

Zeta. 

H 

I 

Bta. 

• 

Theta. 

I 

t 

Iota. 

K 
A 

m 
A 

Kappa. 
Lanibda. 

M 

|A 

Mu. 

N 

r 

Nu. 

B 

^ 

Xi. 

0 

o 

Omioron 

n 

w 

PI. 

p 

p 

Rho. 

s 

V     t 

Sigma. 

T 

T 

Tan. 

Y 

V 

Upsllon. 
Phi. 

X 

J 

Chi. 

♦ 

PbI. 

o 

«• 

OmSga. 

The  number  of  degrees  per  second  through  vhiob  a  body  revolres  about  a 
center. 

w=r2rn 
where 

n=  roTolutions  per  seoond 

w= angular  velooity. 


nuCTBOlf* 

The  following  laws  of  friction  are  only  approximate,  the  first  not  being 
true  where  pressores  are  Tery  great,  and  the  third  beyond  a  velocity  of  160 
feet  per  minute. 

1,  Friction  wxrieM  directly  cu  the  pressure  on  the  surfaces  in  contact, 

9.  Friction  is  independent  of  the  extent  of  the  surface  in  contact, 

3.  Friction  is  independent  qf  the  velocity ^  tohen  the  surfaces  are  in  moUan. 

4,  Boiling  Motion  varies  directly  as  the  pressurst  and  inversely  cu  the  diam- 

eter of  the  rolling  bodies,  where  the  cylinders  and  balls  cure  qf  the  same 
substances,  and  are  pulled  orpushea,  as  in  a  oar  or  wagon. 
Where  the  road  is  propelled  by  a  crank  fixed  on  ihs  axle,  the  law  it 
reversed. 
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MISCBLLAKBOnS   TABLB8. 


SUndard  Points—  Fahrenheit.    Centigrade.    Rteonv 

Boiling  point  of  water  under )  _  moo  itgp  mb 

one  atmosphere     .    .    .    .J  "~ 
Melting  point  of  ice  ...    .  S2P  HP  fP 

V*  Fahrenheit  =  6^  Centigrade  =  4^  R^umnr. 

9  9 

Temp  Fah.     =  =  Temp.  Cent.  +  32^  =  7  Temp.  Etev.  +  31^ 
o  4 

Temp.  Cent.    =  -  (Temp.  Fah.  —  32<^  =  ^  Temp.  Rtev. 

4  4 

Temp.  B^u.  =  =  (Temp.  Fah.  —  2S9)  =  =  Temp.  Cent. 

Table  •€  C^nipartooM  af  WnM^tvmt  VIm 


Fah. 

B^n. 

Cent. 

Fah. 

B^n. 

Cent. 

Fah. 

B^o. 

Cent 

212 

80.6 

100.0 

180 

66.7 

82.2 

148 

61.6 

81.4 

211 

79.6 

99^ 

179 

60.3 

81.6 

147 

61.1 

8S.8 

210 

79.1 

98.8 

178 

64.8 

81.1 

146 

60.6 

63.3 

209 

78.6 

98.3 

177 

64.4 

80.6 

145 

60.2 

8L7 

908 

78.2 

97.7 

176 

64.0 

80.0 

144 

49.7 

au 

207 

77.7 

97.2 

176 

63.6 

79.4 

143 

49.3 

614 

206 

77.3 

96.6 

174 

63.1 

78.8 

142 

48.8 

OJ 

206 

76.8 

96.1 

173 

62.6 

78.3 

141 

48.4 

8DJ 

204 

76.4 

96.6 

172 

62.2 

77.7 

140 

48.0 

60jO 

20» 

76.0 

96.0 

171 

61.7 

77.2 

130 

47.5 

89.4 

202 

76  JS 

94.4 

170 

61.3 

76.6 

138 

47.1 

883 

201 

76.1 

93.8 

169 

60.8 

76.1 

137 

46.6 

683 

200 

74.6 

93.3 

168 

60.4 

76  J( 

138 

46.2 

87.7 

199 

74.2 

92.7 

167 

60.0 

76.0 

135 

46.7 

87J 

198 

78.7 

92.2 

166 

69.6 

74.4 

134 

46.3 

664 

197 

73.3 

91.6 

166 

69.1 

73.8 

188 

44.8 

66J 

196 

72.8 

91.1 

164 

68.6 

78.3 

132 

44.4 

663 

196 

72.4 

90Ji 

163 

66.2 

72.7 

131 

44i> 

66jO 

194 

72.0 

90.0 

162 

67.7 

72.2 

130 

43.6 

644 

193 

71 A 

89.4 

161 

67.3 

71.6 

129 

43.1 

684 

192 

71.1 

88.8 

160 

66.8 

71.1 

128 

42.6 

684 

191 

70.6 

88.3 

169 

66.4 

70J( 

127 

42.2 

68.7 

190 

70.2 

87.7 

158 

66.0 

WJf> 

126 

41.7 

BS4 

189 

09.7 

87.2 

167 

66  JS 

09.4 

125 

41.3 

614 

188 

09.3 

86.6 

166 

66.1 

68.8 

124 

40J 

61.1 

187 

68.8 

86.1 

156 

64.6 

68.3 

128 

40.4 

604 

186 

68.4 

86.6 

164 

64.2 

67.7 

122 

40JO 

604 

186 

68.0 

86.0 

163 

68.7 

67.2 

121 

39.6 

48.4 

184 

67  JS 

84.4 

162 

63.3 

66.6 

120 

38.1 

484 

183 

87.1 

83.8 

01 

62.8 

66.1 

119 

88.6 

484 

182 

06.6 

83.3 

150 

62.4 

66.6 

118 

38.2 

47.7 

181 

06.2 

82.7 

149 

62.0 

66.0 

117 

37.7 

47.2 

m^ 
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Vable  of  Comparlaoii  mt  IMffiBreat  Tberni«Btet«ni  —  Ccmtinued, 


Fab. 

R^u. 

Cent. 

Fah. 

B^o. 

Cent. 

Fah. 

B^au. 

Cent. 

116 

37.3 

46.6 

70 

16.8 

21.1 

24 

-3.5 

-4.4 

116 

36.8 

46.1 

69 

16.4 

20  JS 

23 

—4.0 

—6.0 

114 

36.4 

45J6 

68 

16.0 

20.0 

22 

—4.4 

—5A 

113 

36.0 

46.0 

67. 

15.6 

19.4 

21 

—4.8 

—6.1 

112 

36.6 

44.4 

66 

16.1 

18.8 

20 

—6.3 

—6.6 

111 

36.1 

43.8 

66 

14.6 

18.3 

19 

-6.7 

—7.2 

110 

34.6 

43.3 

64 

14.2 

17.7 

18 

—6.2 

—7.7 

109 

34.2 

42.7 

63 

13.7 

17.2 

17 

—6.6 

—8.3 

106 

33.7 

42.2 

62 

13.3 

16.6 

16 

—7.1 

—8.8 

107 

33.3 

41.6 

61 

12.8 

16.1 

16 

-7JJ 

— 9J 

106 

32.8 

41.1 

60 

12.4 

15  JS 

14 

—8.0 

—10.0 

106 

32.4 

40  JS 

60 

12.0 

15.0 

13 

-8.4 

—10.6 

104 

32.0 

40.0 

68 

11^ 

14.4 

12 

■    -8.8 

—11.1 

103 

31.6 

89.4 

67 

11.1 

13.8 

11 

—9.3 

—11.6 

102 

31.1 

38.8 

66 

10.6 

13.3 

10 

-9.7 

-12.2 

101 

30.6 

38.3 

66 

10.2 

12.7 

9 

—10.2 

—12.7 

100 

30.2 

37.7 

64 

9.7 

12.2 

8 

—10.6 

—13.3 

99 

29.7 

37.2 

63 

9.3 

11.6 

7 

—11.1 

—13.8 

98 

20.3 

36.6 

62 

8.8 

11.1 

6 

— 11J5 

—14,4 

97 

28.8 

36.1 

61 

8.4 

10.6 

6 

—12.0 

—16.0 

90 

28.4 

36  Ji 

60 

8.0 

10.0 

4 

—12.4 

—16.6 

96 

28.0 

36.0 

49 

■  7.6 

9.4 

3 

—12.8 

—16.1 

94 

27iJ 

34.4 

48 

7.1 

8.8 

2 

—13.3 

-16.6 

93 

27.1 

33.8 

47 

6.6 

8.3 

1 

—13.7 

-17.2 

92 

26.6 

33.3 

46 

6.2 

7.7 

0 

-14.2 

-17.7 

91 

26.2 

32.7 

46 

6.7 

7.2 

—1 

—14.6 

—18.3 

90 

26.7 

32.2 

44 

6.3 

6.6 

—2 

—16.1 

—18.8 

89 

26.3 

31.6 

43 

4.8 

6.1 

—3 

—16.6 

-19.4 

88 

24.8 

31.1 

42 

4.4 

6.5 

—4 

—16.0 

—20.0 

87 

24.4 

30.5 

41 

4.0 

6.0 

—6 

—16.4 

-20.6 

86 

24.0 

80.0 

40 

3.5 

4.4 

—6 

— lfl.8 

—21.1 

86 

23  J( 

29.4 

39 

3.1 

3.8 

—7 

—17.3 

—21.6 

84 

23.1 

28.8 

38 

2.6 

3.3 

—S 

—17.7 

-22.2 

83 

22.6 

28.3 

37 

2.2 

2.7 

—9 

—18.2 

—22.7 

82 

22.2 

27.7 

86 

1.7 

2.2 

—10 

—18.6 

-23.3 

81 

21.7 

27.2 

36 

1.3 

1.6 

—11 

—19.1 

—23.8 

80 

21.3 

26.6 

34 

0.8 

1.1 

—12 

-19J5 

—24.4 

79 

20.8 

26.1 

33 

0.4 

0.5 

—13 

—20.0 

—26.0 

78 

20.4 

26Ji 

32 

0.0 

0.0 

—14 

—20.4 

-25.5 

77 

20.0 

26.0 

31 

-0.4 

—0.6 

—15 

—20.8 

—26.1 

76 

19.6 

24.4 

30 

—0.8 

—1.1 

—16 

—21.3 

—26.6 

76 

19.1 

23.8 

29 

—1.3 

—1.6 

—17 

—21.7 

—27.2 

74 

18.6 

23.3 

28 

—1.7 

—2.2 

—18 

—22.2 

—27.7 

73 

18.2 

22.7 

27 

—2.2 

—2.7 

—19 

—22.6 

—28.3 

72 

17.7 

22.2 

26 

—2.6 

—3.3 

—20 

—23.1 

—28.8 

71 

17.3 

21.6 

26 

-3.1 

—3.8 

ITwMlMir  •€ 

D<«nr 

«M  0«Mt.= 

rlfni 

■li«r  of  Doirreee  Fa 

h. 

Tenths  of  a  Degree— Centi^ade  Scale. 

Degreei 

Gent. 

.0 

.1 

.9 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

Fah. 

Fah. 

Fah. 

Fah. 

Fah. 

Fah. 

Fah. 

Fah. 

Fah. 

Fah. 

0 

0.00 

0.18 

0.36 

0.64 

0.72 

0.90 

1.06 

1.26 

1.44 

1.62 

1 

1.80 

1.98 

2.16 

2.34 

2.56 

2.70 

2.88 

3.06 

3J24 

3.42 

3 

3.60 

3.78 

3.96 

4.14 

4.32 

4.60 

4.68 

4.86 

6.04 

6.22 

8 

6.40 

6.58 

6.76 

6.94 

6.12 

6.30 

6.48 

6.66 

6.84 

7.02 

1608 
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Mum 

■ber  of  !>«««•■  C«Bt.  =  ITuBiber  of  Beg 
Fah.  —  (Om^tntierf.) 

-r<M« 

Tenths  of  a  Degree  —  Centigrade  Scale. 

Degrees 

Cent. 

.0 

.1 

.» 

.3 

.4 

.5 

.6 

.7 

^ 

.9 

Fah. 

Fah. 

Fah. 

Fah. 

iVih. 

Fah. 

Fah. 

Fah. 

Fah. 

FBh. 

4 

7.20 

7.38 

7.56 

7.74 

7.92 

8.10 

8.28 

8.46 

8.64 

8J3 

6 

9.00 

9.18 

9.36 

9.54 

9.72 

9.90 

10.08 

10.28 

10.44 

laas 

6 

10.80 

10.98 

11.16 

11.34 

11.52 

11.70 

11.88 

12.06 

12.9ft 

12.4S 

7 

12.00 

12.78 

12.96 

13.14 

13.32 

13.50 

13.68 

13.86 

UAA 

14.22 

8 

14.40 

14.58 

14.76 

14.94 

16.12 

16.30 

16.48 

15.06 

15.94    IfiJOe 

9 

16.20 

16.38 

16.66    16.74 

16.92 

17.10 

17.28 

17.46 

17.64 

17  J2 

]f  nmlMr  mf  Decrees  Tmtk.  = 

:]!fnn 

ib«r  < 

•f  »««•■«« 

Ml  Ceat. 

Tenths  of  a  Degree— Fahrenheit  Scale. 

Degrees 

Fah. 

.0 

.1 

.9 

.8 

.4 

.6 

.6 

.7 

^ 

.9 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent, 

Cent. 

0 

0.00 

0.06 

0.11 

0.17 

0.22 

0.28 

0.33 

0.39 

0.44 

O.S0 

1 

0.66 

0.61 

0.67 

0.72 

0.78 

?:S 

0.89 

0.94 

1.00 

IM 

2 

1.11 

1.17 

1.22 

1.28 

1.33 

1.44 

IJSO 

IM     1.61 

3 

1.67 

1.72 

1.78 

1.83 

1.89 

1.94 

2.00 

2.06 

2.11      2.17 

4 

2.22 

2.28 

2.33 

2.39 

2.44 

2.60 

2.66 

2.61 

2.67      2.75 

5 

2.78 

2.83 

2.89 

2.94 

3.00 

3.06 

8.11 

3.17 

3.22 

zjm 

6 

3.33 

3.39 

3.44 

3.60 

3.56 

3.61 

3.67 

3.72 

3.78 

zjaa 

7 

3.89 

3.94 

4.00 

4.06 

4.11 

4.17 

4.22 

4.28 

4.33 

AM 

8 

4.44 

4.60 

4.66 

4.61 

4.67 

4.72 

4.78 

4.83 

4.80 

4J94 

9 

6.00 

6.06 

6.11 

6.17 

6.22 

5.28 

5.3S 

5J8 

5.44 

5.60 

Coefllefteiito  of  Expaiialoii 


(Solids.) 


Material. 

Coefficient  of  Expansion 

1 

OF. 

«C. 

Aluminam 

.0000114 

jnonoft 

.00000906 

.0000100 
.0000065 

unoooTB 

.00000061 
.00000390 

UW0Q0621 
.00000641 

.O0OU046 

^10000667 

4MM00877 

jmnmm 

Brass 

.OOBOtflT 

Brick 

-MmnRRi 

Bronze 

jOOOOISD 

Cement  and ) 
Concrete       ) 
Copper    .... 

from 
•    •          to 

.000010 
.000014 
.0000173 
UIO00O719 

Glass 

from 

Gold 

•    •          to 

.00000038 

.0000151 
J0000068 

jooonos 

AMMHB 

Granite 

Tron,  cast 

Iron,  wrought 

MI80KLLAKB01F8  TABLBk 
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G«efllcleMt»  mt  M%wmmmimm— {Continued.) 


MateriaL 


Ijead 

Marble  (arerage) 

Maaonry '^^^ 

Platinum 

Porcelain 

Sandstone '"^^^JJ 

Silver 

Slate 

Steel,  nntempered 

Steel,  tempered 

Tin 

Wood  (pine) 

Zinc 


Coefficient  of  Expanaion. 


.0000168 

.000004 

.0000026 

.0000049 

.00000484 

.0000020 

.0000040 

i)000067 

.0000106 

.0000066 

.00000611 

XK)000688 

.0000116 

.00000276 

.0000163 


.0000284 

.000007 

.0000017 

.0000088 

.00000690 

.0000036 

.0000070 

.000012 

.0000194 

.0000102 

.0000110 

.0000124 

.0000209 

.00000196 


•peciflc  Keat  •€  0iilMtaac«a« 

The  8p€e\fio  heat  of  a  body  at  any  temperature  is  the  ratio  of  the  quantity 
of  heat  required  to  raise  the  temperature  of  the  body  one  degree  to  the 
quantity  ofneat  required  to  raise  an  equal  mass  of  water  at  or  near  to  its 
temperature  of  maximum  density  (4^0.  or  29,29'F.)  through  one  degree. 

•peclilc  Keats  mt  Metale. 

(Tomlinson.) 


Metal. 

Speoiflo  Heat  at 

O^C.  or  320F. 

60oC.orl22OF. 

100oCor212oF 

Aluminum 

0.2070 
0.0901 
0.0941 
0.1060 
0.0300 
0.0320 
0.0473 
0.0647 
0.0523 
0.0901 

oppppopppp 

O.2300 

Copper 

0.0966 

German  Bilyer 

Iron 

0.0062 
01200 

Lead 

0.0331 

Platipum 

0.0333 

Platinum  Sllyer 

Silyer 

0.0601 
0.0691 

Tin 

0.0696 

Zinc 

0.0976 

Meaa  ft|M»ciflo  JKeat  of  Pli 
(PouiUet.) 
Between  0°C.  (32c>F.)  and   100^.    (212<>F. 


(( 
II 
ti 
«i 
I* 


11 

II 


300OO.    (6720F. 

eOOoC.    (9320F.) 

700OC.  (12920F.) 

lOOOOC.  (18320F.i 

1200OC.  C21920F.] 


0.0836 
0.0343 
0.0368 
0.0360 
041878 
O.088& 


XIBOXLLAirKOUS   Ti3LH. 


s3s^i^:;s^!a^s!2E^I!S.s ::::::::: 


^E3^x!c^'^^^!^°^^l^l  '■  '•  '■  '■%^%^%tM^ 


IPliiiiiiiiip :::  liisiiii  11^ 
iiiliiiiiliiiliiH;;:;--^ 


■no  I  JO 


OVtM^ 


IM^ 


liiliiiiiiiliiiiiiii: 


liiliiiiiiiliiijiii: 


IS**S  -1 


Kss^xsjasfSc-^st-fs  -gssa; 

•sBaiiassscsafsfiB  :^sgia ::::::: 

ilTTirr 


g  Iso'bV  I 


liliiill|l|j»^|:i^?Hi|l^^ 


^ 


111 


'■ll—i 
e 
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MecM  Specific  Heat  of  WcOer, 
(Regnault.) 

BetWMnO»0.a2°F.)and  40°G.  (IM^F.) 1.0013 

80°C.  (neoF.) 1.0086 

120°O.  (2i8°F.) 1.0087 

160»O.  (890OF.) 1.0100 

900°G.  (8820F.) 1.0100 

230°O.  (446CF.) 1.0204 

MeanS^feeifioBkUqf  Glau(KolklrtLXiBeh}      0.19 


« 
«« 


M 


II 


«4 


II 
(I 
14 


II 


•pedilc  ]Ke»t  mt  C»aM»  aad  Va 


at  C?oiuiUuit 


Substance. 


Air 

Oarbon  monoxide 
Carbon  dioxide  . 
Hydrogen  .  .  . 
Nitrogen  .  .  .  . 
Oxygen  .  .  .  . 
Steam  .    .    .    .    . 


Speoiflo  Heat  for 
Bqual. 

Obserrer. 

Volumes. 

Welghta. 

0.2376 

0.2376 

e 

Begnault 

0.2370 

0.2460 

Begnanlt 

0.2986 

0.1962 

Wiedermann 

0.2350 

8.4000 

Begnault 

0.2868 

0.2438 

Regnault 

0.2406 

0.2176 

Begnault 

0.2989 

0.4806 

Begnault 

Tatal  Keat  •€  Btmmm. 

Biitteb  Thenaal  Valt  s  (B.  T.  U.)  is  the  quantity  of  heat  which 
will  raise  the  temperature  of  one  pound  of  water  one  degree  Fah.  at  or  near 
Its  temperature  of  maximum  density  d8.1<'. 

rr«a«b  Calarlet  is  the  quantity  of  heat  that  will  raise  the  tempera- 
ture of  one  kilogramme  of  pure  water  l^.  at  or  near  4<K?. 

^mmmA  Galaiiet  is  the  quantity  of  heat  that  will  raise  the  tempera* 
tnre  of  one  pound  of  water  1^. 


1  B.  T.  U. 
1  Calorie 
1  lb.  Calorie : 
1  pound  Calorie : 


:    .262  Calories. 
:  8J»68  B.  T.  U. 

1.8  B.  T.  U. 

0.4536  Oalori*. 


Thi 


Joule  gires 
Professor  Bowland, 


lalcal  ■qnivaleat  af  H 


IB.T.  U.  =  772ft.lbs. 
IB.T.  U.  =  778ft.lbs. 

1  ft.  lb.  =  ^  =  .001286  B.  T.  U.  per  minute. 

1  H.  P.  =  42.416  B.T.U. 
Table  of  Energy  Kqaiviilenu  on  p  1268.1 
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KI80BLLAirB0t;9   TABLBt. 


Ap«ctilc  Chmvttjr. 


Names  of  Sub- 
stanoea. 


Cedar,  Indian 

*'  American 
Citron  .... 
Cocoa-wood  .  . 
Cherry-tree    .    . 

Cork 

Cvpren,  Bpanisli 
EDony,  American 
**  Indian  . 
Elder-tree  .  .  . 
Elm,  trunk  of  • 
Filbert-tree  .  . 
Fir,  male    .    .    • 

"  female  .  . 
Hazel  .... 
Jasmine,  Spaniah 
Janiper-tree  .  . 
Lemon-tree  .  * 
Lignum-Titse  .  • 
Linden-tree  .  . 
Logwood  •  .  . 
Mastic-tree  .  . 
Mahogany  .  .  . 
Maple  .... 
Medlar  .... 
Mulberry  .  .  . 
Oak,  heart  of,  00  old 
Orange-tree  .  . 
Pear-tree  .  .  . 
Pom^^anate-tree 
Poplar    .... 

*f  white  Spanish 
Plum-tree  .    .    . 
Quince-tree     .    . 
Sassafras    .    .    . 
Spruce    .... 

"       old  .    .    . 
Pine,  yellow  .    . 

«•     white     .    . 

Vine 

Walnut  .... 
Yew,  Dutch    .    . 

'*     Spanish      . 
Itlqnida. 
Acid,  Acetic   .    . 

"      Nitric    .    . 

"      Sulphuric . 

"     Muriatic    . 

••     Fluoric .    . 

**     Phosphoric 
Alcohol,  commer. 
"       pure     . 
Ammoniac,  liquid 
Beer,  lager .    . 
Champagne    . 
Cider  .... 
Ether,  sulphuric 
Naptha  •    .    . 
Egg     .... 
Honey    .    .    . 
Human  blood 
Milk  .... 


«8 


I 


& 


1.315 
.661 
.726 

1.040 
.715 
.240 

1.331 

fi.2oe 

.695 
.671 
.600 
Ji0O 

.488 
.600 
.770 
.566 
.703 
1.333 
.604 
.913 

1.063 
.760 

t%AA 

.897 
1.170 
.706 
.661 
1.354 
.383 
.529 
.785 
.706 
.482 
.500 
.460 
.660 
.664 
1.327 
.671 
.788 
.807 

1.062 

1.217 

1.841 

1.200 

IJSOO 

1JS58 

.833 

.792 

.897 

1.034 

J997 

1.018 

.739 

.848 

1.000 

1*450 

1.064 

1.032 


0476 
0203 
,0263 
0376 
0259 
006T 
0233 
0481 
0437 
,0252 
0243 
0217 
0199 
0180 
0217 
,0279 
1 


,0482 
0219 
X»331 
0307 
0885 
0271 
0342 
0324 
0423 
0255 
0239 
0490 
,0138 
0191 
0284 
0255 
,0174 
0181 
0166 
0239 
.0200 
,0480 
0243 
X)285 
0292 

0884 
0440 
,0666 
0434 
0642 
0663 
0901 
0287 
0324 
0374 
0360 
,0361 
,0267 

0394 
0624 
0381 
0373 


Beeswax 

Butter 

Camphor 

India  rubber     .    .    . 
Fat  of  Beef  .... 

"        Hogs.    .    .    . 

*•        Mutton  .    .    . 

Qamboge 

Qunpowder,  loose .    . 
shaken  . 


Names  of  Substances. 


Oil,  Linseed  .    . 

»•  OliTe   .    .    . 

"  Turpentine 

"  Whale  .  . 
Proof  Spirit  .  . 
Yin^ar  .  .  . 
Water,  distilled 

**        sea     .    . 

*•       Dead  Sea 

Wine 

Port    .    . 


ti 


Mtoc«llaaie««a. 

Ebonite 

Pitch 


Asphaltum | 


(i 


*<  solid  .    .    . 

Gum  Arabic 

Indigo   . 

Lara 

Mastic 

Spermaceti 

Sugar     ........ 

TmIow,  sheep   ..... 

**       calf 


t( 


ox 


Atmospheric  air   •    .    . 


«3^ 


:M0 
M5 
.870 
.932 


5  3^ 


1.000 
1.000 
1.030 
1.240 
.992 
.907 


Atmospheric  air  ...    . 

Ammoniacal  gas  .... 

Carbonic  acid 

Carbonic  oxid 

Carbureted  hydrogen    .    . 

Chlorine 

Chlorocarbonous  acid  .    . 

Chloroprusslc  acid    .    .    . 

Fluoboric  acid 

Hydriodlc  acid 

Hydrogen 

Oxygen • 

Sulphuretted  hydrogen     . 

Nitrt^en 

Vapor  of  alcohol  .... 
**  turpentine  spirits 

••  water  .... 

Smoke  of  bituminous  coal 
♦*         wood 

Steam  at  212° 


1.8 
1.6 
Ja05 
IJBBO 


.9«2 


.933 


.923 
1.222 

.900 
1.000 
1.650 
lw80O 
1.462 
1.009 

.947 

isn^ 

.943 
1.606 
.924 
.934 
i>23 

jm2 


1.000 

.500 
1.527 

.972 

.972 
2.500 
3.472 
2.152 
2  371 
4.346 

.069 
1.104 
1.777 

.972 
1.618 
6.013 

.623 

.103 

.90 

.488  M.8 


.0814 

.0337 


.030 
J0871 

mm 
joan 


JO607 

mm 

.0341 
jQSBT 
XI038 
.08U 
J03SS 
XBM 
JOftfS 
.OSS 
.0361 
.6661 
.OQBO 


jsmi 

.0680 
XS34 
.0838 
.0334 

WVt 

enJrt. 

0*1111 

dS7jO 

263.7 

8B6J 

512.7 

612.7 

1316 

18» 

1134 


1681^ 
9S1D 
618J0 
8SIJ9 

aasjo 

B8J0 
474J0 
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TAHUE    OW    •PSCU'IO    ORAVITY    AlTD    VlfXT 


St  89.1^ Fahrenheit  =  A°  Centigrade ;  e&.425poiuid0  to  the  oubie  foot 
(authority,  Kent,  Hasw^  and  D.  K.  Clark). 


▲lominnm,  pore  cast 
*•  "      rolled 

M  '*  anne'ld 

**  nlokel  alloy,  oast 
"  ••  "  rolled 
•4         II         t<  uui'ld 

Aluminnm  Bnmae,  10% 

6% 

Brass,  cu.  07,  xn.  83  oast 

**    on.  eo,  sn.  40    " 

Cobalt 

Brass,  plates    .    . 

high  yellow 

Bronse  composition 

C11.90,  tinlO 

Bronse  composition 

on.  84,  tin  16 

Lilthlam  •  • 
Potassium  . 
Sodium  .  . 
Babidium  . 
Calcium  .  . 
Magnesium  . 
Caesium  .  . 
Boron  .  •  • 
Olncinum  . 
Strontium  . 
Barium  .  . 
Zirconium  . 
Selenium .  . 
Titanium.  . 
Vanadium  . 
Arsenic  .  . 
Colnmbium  . 
Lanthanum  . 
Niobium  .  . 
Didymium  . 
Cerium  .  . 
Antimony  . 
Chromium  . 
Zinc,  oast .    . 

**     pure    • 

«•  rolled  . 
Wolfram  .  . 
Tin,  pure .  . 
Indium  .  . 
Iron,  cast 

*(     wrought 
•   *♦     wire 
Steel,  Bessemer 

*«      soft 
Iron,  pnre    . 


Specific 
Orayity. 


2.66 

2.68 

2.66 

2.86 

2.76 

2.74 

7.70 

8.26 

8J82 

8.406 

8iS0 

•     •     • 

8JS86 

.  •  • 
8.068 


Authority. 


P.B.C. 
it 

«i 

i( 

«« 

41 

Biche. 

Haswell. 
Thurston. 

..... 

P.B.O. 

•    •     ■     ■    • 

Thurston. 


8.8S2 

HasweU. 

a67 

R.-A. 

0.87 

14 

0.97 

II 

1.62 

11 

1.67 

<« 

1.74 

II 

1.88 

II 

2.00 

HasweU. 

2.07 

K.-A. 

2.64 

It 

3.76 

u 

4.15 

II 

4JK> 

Haswell. 

6.30 

11 

6JS0 

K.-A. 

6.67 

II 

6X0 

Haswell. 

6.20 

II 

6.27 

E.-A. 

6JM 

II 

6.68 

11 

6.71 

II 

SM 

11 

6.861 

Haswell. 

7.16 

R.-A. 

7.191 

Haswell. 

7.119 

II 

7.29 

B.-A. 

7.42 

II 

7.218 

Kent. 

7.70 

II 

7.774 

HaswelL 

7.862 

It 

7.864 

Kent. 

7.86 

&.-A. 

Lbs.  per 
Cubic 
Foot. 


169.63 
167.11 
165.86 
178.10 
172.10 
170.86 
480.13 
515.63 
519.36 
524.68 
630.61 

•  •     •     ■ 

636.38 

•  •     ■     • 

641.17 

661.34 
86.83 
64.31 
60Ji6 
94.89 
98.01 
106.62 
117.36 
124.86 
129^22 
168.66 
234.09 
269.06 
280.91 
330.86 
343.34 
363.96 
374JS6 
387.03 
391.40 
406.26 
417.00 
418.86 
429.49 
428.30 
446.43 
448.90 
444.40 
466.06 
463.19 
450.06 
480.13 
486.29 
479.00 
480.74 
400.66 


Lbs.  per 
Cubic 
Inch. 


.0924 
.0067 
.0960 
.1031 

.0989 
.2779 
.2964 
.3006 
.3036 
.3071 
.... 

.... 

.3132 

.... 

.3191 

.0213 

.0314 

.0860 

.0649 

.0667 

.0629 

.0079 

.0723 

.0748 

.0918 

.1366 

.1499 

.1626 

.1916 

.1987 

J2048 

.2168 

.2240  . 

.2266 

.2363 

.2418 

.2424 

.2467 

.2479 

.2683 

.2608 

.2672 

.2634 

.2081 

.2606 

.2779 

.2806 

.2887 

.2834 

.2810 


Kilos  per 
Cubic 
Deem. 


2.66 

2.68 

2.66 

2.86 

2.76 

2.74 

7.70 

8.26 

8i^ 

8.4P6 

8.60 

'8.686 

... 
8.660 
... 
8.832 

.57 

.87 

.97 

ijsa 

1.67 

1.74 

1.88 

2.00 

2.07 

2M 

3.76 

4.16 

4.60 

6JM) 

6.60 

6.67 

6.00 

6.20 

6.27 

6.64 

6.66 

6.71 

6.80 

6.861 

7.15 

7.191 

7.119 

7.29 

7.42 

7.218 

7.70 

7.774 

7.862 

7J64 

7.86 
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TASIilB    OF 

APBcn'MO  c»mAVjnnr 

.  —  Qmiifmed. 

SpeoUio 
GraTity. 

Authority. 

Lbs.  per 
Cubic 
Fool. 

Lbs.  per 
Cubic 
Inch. 

KikMMT 

CnUe 
Deem. 

Manganese   .... 

8.00 

R.-A. 

499.40 

.2890 

8ilO 

Cinnabar  

8.809 

Haswea 

606.62 

.2926 

8JQ0B 

Cadmium 

8.00 

K.-A.. 

636.86 

.3107 

8J0 

Molybdenum    .    .    . 

8.00 

(i 

636.86 

.8107 

8.60 

Gun  Bronze .... 

8.750 

Haswell. 

646.22 

.3161 

8.7M 

Tobin  Bronze   .    .    . 

8.379 

A.  C.  Co. 

623.06 

.3021 

aj99 

Nickel 

8.80 

R.-A. 

649.34 

.3179 

«Jft 

Copper,  pure    .    .    . 
Copperplates  and  sheet 
Bismuth 

8.82 

if 

660i!9 

.3186 

&flt 

8.93 

A.  of  C.  M. 

666.83 

.3222 

SM 

9.80 

R.-A. 

611.76 

.3640 

9M 

Silver 

10J13 

ti 

667.33 

.8806 

lOA 

Tantalum     .... 

10.80 

(t 

674.19 

.3902 

10.80 

Thorium 

11.10 

<i 

692.93 

.4010 

IIJO 

Lead 

11.37 

(« 

700.77 

.4106 

11^ 

Palladium    .... 

IIJSO 

<t 

717.88 

.4164 

11.60 

Thallum 

11.86 

tt 

739.73 

.4281 

11.86 

Rhodium 

12.10 

K 

766.34 

.4871 

12J0 

Ruthenium  .... 

12.26 

(1 

766.33 

.4429 

12.96 

Mercury 

ISJBd 

«i 

848a> 

.4909 

lajB 

Uranium 

18.70 

<t 

1167.46 

.6766 

18.70 

Tungsten 

Gold 

19.10 

li 

1192.31 

.6800 

i9ja 

19.32 

(( 

1206.06 

.6079 

19.32 

Platiniuu  ..... 

21.60 

it 

1312.13 

.7787 

21.60 

Iridium 

22.42 

il 

1399.67 

.8099 

22.42 

Osmium 

22.48 

(t 

1403.31 

.8121 

21M 

Authorities  —  R.-A .  —  Professor  Roberts- Austen. 

Haswell—  Haswell's  Engineer's  Pocket  Book. 

P.  R.  C— Pittsburg  Reduction  Co.'s  tesU. 

Kent  —  Kent's  Mechanical  Engineer's  Pocket  Book. 

Thurston— Report  of  Committee  on  Metallic  Alloys  of  U.S. 

Board  appointed  to   test   iron,  steel,  and  other   metals. 

Thurston's  Materials  of  Engineering. 
Riche— Quoted  by  Thurston. 
A.  C.  Co.  —  Ansonia  Brass  and  Copper  Co. 
A.  of  C.  M.  —Association  of  Copper  Manufacturers. 

«]IAVIXY     AT     eiT)     VAHmKMlHKIT    OV 


0PBGn<IO 

AliUMIMUM 


2j5£ 

-2JEB 
3Ji 


p/ 


Aluminum  Commercially  Pure,  Cast 

Nickel  Aluminum  Alloy  Ingots  for  rolling 

'•  *•  Casting  Alloy 

Special  Cssting  Alloy,  Cast ^'    '    •  V_; .•• 

Aluminum  Commercially  Pure,  as  rolled,  sheets  and  wire    •    •    •    •    •    *-5 

«»  «•  "        Annealed 2JI 

Nickel  Aluminum  Alloy,  as  rolled,  sheets  and  wire 2^ 

'•  "  **       Sheets  Annealed 3.44 

tJsIng  these  specific  gravities,  aM^^^S:  J^I«r  at  62  <legreM  l^ahrenhdt, 
and  at  Standard^arometric  Height,  as  62.366  lbs.  per  cubic  foot  (anthority, 

Kent  and  D.  K.  Clark).  ,    ,     ^  ^- ,  -        i_«.   «•  .a^iv. 

Sheet  of  cast  aluminum,  12  Inches  square  and  1  inch  thick,  wema  f^-fSE!,^ 
Sheet  of  rolled  aluminnm.  12  inches  square  and  1  inch  thlok,w«lglis  13^9  ibs. 
Bar  of  cast  aluminum,  1  inch  square  and  12  inches  long,  weighs  f -Im  lbs. 
Bar  of  rolled  aluminum,  1  inch  square  and  12  inches  long,  w<M2lia  l.J£J5  J5«- 
Bar  of  aluminum,  cast,  1  inch  round  and  12  Inches  long,  weigba  JTO6  lbs. 
Bar  of  rolled  aluminum,  1  inch  round  and  12  inches  long,  weighs       31M  am. 


POWER  RBQUmBD  TO  DRIVE  MACHINBRY 
SHOPS,  AND  TO  DO  VARIOUS  KINDS 

OF  WORK. 

PRomr 


FlO.  1. 


Constant  «- 


2w 


^  .0001904. 


33000 
Tben 
Horse-power  —  .0001901  X  d  X  *f  X  revolutions  per  mlnnteu 

JKoTse-Power  Wmrtmmlwt, 


In  tax  article  by  C,  H.  Benjamin  In  Blareh,  1800,  Machinery  a.rB  the  follow- 
ing formulas  for  computing  the  horse-power  required  to  operate  tools,  where 
Ir  "«  weight  metal  removed  per  hour. 

Ebcperiments  with  sereral  Lathes  give: 

H.P.  —  .035  W  for  cast  iron. 

H.P.  —  .067  W  for  machinery  steel. 

Ebtperiments  with  a  Gray  pUuier  give: 

H.F.  —  .032  W  for  cast  iron. 

Ebcperiments  with  a  Hendey  shaper  give 

H.P.  «  .030  W  for  cast  iron. 

For  milling  machines  we  have: 

H.P.  —  .14  W.  for  oast  iron. 

H.P.  —  .10  W  for  bronse. 

H.P.  —  .30  TT  for  tool  steel. 

In  each  oase»  the  power  required  to  run  the  tool,  Hght,  should  be  added. 

Power  Used  bjr  HaeklMe-Koola, 

(R.  E.  Dlnsmore,  from  the  Electrical  World.) 

1.  Shop  shafting  2A  in.  x  180  ft.  at  160  revs.,  carrying  26  pulleys 

from  6  In.  diam.  to  36  in.,  and  runninff  20  idle  machine  belts     .    1.32  H.  F 

2.  XiOdge-Davis  upright  back-geared  drill-press  with  table,  28  in. 
swing,  drilling  f  in.  hole  In  cast  iron,  with  a  feed  of  1  in.  per 

minute    .    •  ,•  ,•    •    •  ,  •   4,  * «'    *    '.'    '^'.    '    : 0.78  H.P, 

3.  Morse  twist-drill  grinder  No.  2,  carrying  26  in.  wheels  at  3200 

revs    .    .    .    •    •  .•    •    •    •    \  :,'''    ;    •. 0.20  H.  P. 

4    Pease  planer  30  in.  x  36  in.,  table  6  ft^  planing  cast  iron,  cut 

*  in.  deep,  planing  6  sq.  In.  per  minute,  at  9  reversals    ....    1.O6  H.  P. 

P. 

0.43  H.  P. 
0.23  H.  P. 
0.8  H.P. 
3.2   H.P 


A  deep,  feeding  7.92  in.  per  minute '  ,    , 

7.  Kngine  lathe  21  in.  swing,  boring  cast-iron  hole  6  in.  diam.,  cut 
A  diam.,  feeding  0.3  in.  per  minute \ 

8.  iSturtevaut  No.  2,  monogram  blower  at  1800  revs,  per  minute, 
no  piping ^    ^ 

9.  Heavy  planer  1»  in.  x  28  in.  x  W  ft.  bed,  stroke  8  in.,  cutting 
Bteel,  22  reversals  perminute • 
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P«wer  Required  f«r  MadiiHe  T*oU— Re««lt»  •i 
Se«t»  of  V  »*!•«•  MacliiBe  Tool*. 

(From  a  paper  read  by  F.  B.  Duncan  before  the  fiogineerB'  fiocaetj  of 

Weetem  Pennsylvania.) 

Eiiraira  LA.THn. 

16  in.;  motor  power  required,  approximate,  2  H.P.  at  maximiiiB. 
18  in.  X  6  ft.;  motor  power  reqmred,  2.1  B.P. 
36  in.  X  10  ft.;  motor  power  required,  10  HJ*. 

Planxbb. 

10  X  10  X  20  ft. ;  3  tools,  f  X  ^  in.  cut;  euttinc  ^Med,  18  ft.;  plaaiac 
40-ton  iron  oastins.  H.P.  required  for  out,  28.5:  for  return,  23.6;  for  !•• 
verse,  42.9.    Ratio  return,  3  to  1.    Motor,  80  H.F.,  belted  to  oomitersfasft. 

8  X  8  X  20  ft^  8  tools,  |  X  i  in.  out;  cutting  speed,  16  ft.^  plaaing  924m 
iron  easting;  H.P.  for  cut,  16;  for  return,  14-8;  for  reverseb  28^  Bslio 
return,  3  to  1.    Motor,  25  &.P.,  belted  to  countershaft. 

66  X  60  in.  X  12  ft.;  2  tools  ^X  1-16  in.  cut;  cutting  speed,  21  ft.;  pin- 
ing 4  ton  open  hearth  casting.  H.P.  required  for  cut,  10;  for  retom,  14;  for 
reverse,  16.  Ratio  return,  3i  to  1.  Motor  mounted  on  planer  h^i««iftg  wA 
42-inch  1,600-pound  flywheel,  running  at  400  revolutions,  mcwmted  od 
motor  shaft;  flSnrheel  used  as  driving  pulley  for  return  of  platen. 

28  X  52  in.  X  6  ft.;  1  cuttine  tool,  }  X  1  in.  cut:  cutting  speed,  22  ft4 
planing  3-ton  iron  casting.  H.P.  reqmred  for  cut,  3.1;  for  retamt3.8;  for 
reverse,  4.4.  Ratio  return,  4  to  1.  Motor,  3  H.P.,  800  revolutions.  Avw* 
age  load  on  motor,  2.48.  Flywheel,  30  in.  diameter,  496  pounds,  800  iv 
lutions,  mounted  on  motor  shaft  and  used  as  pulley  for  return  of  platen. 

IdSCBLLANSOm. 

28  in.  Gisholt  turret  lathe:  machining  IVopenas  east  steel  woight,  100 
pound;  sise  out,  one  tool,  f  X  5-16  in.;  4  tools,  f  X  6-64  in.;  weight  casting. 
400  pounds;  power  for  cut,  3.9  H.P 

21  in.  drill  press;  power  required,  1  H.P. 

6  ft.  radial  drill;  maximum  power  required,  2.03  H.P.  Hiotor  need.  2EJ. 
600  revolutions. 

Double  and  emery  wheel  stand ^wo  18  X  2  in.  ^eeb,  950  rev.;  8  labom 

rinding  castings;  maximum  H.P.,  momentarily,  6;  average,  8J(.    Motor, 
H.P.,  mounted  on  grinder  shaft. 

10  ft.  boring  and  turning  mill;  cutting  tools,  2;  cut,  f  X  1-16  in.;  euttiac 
speed,  20  ft^  machining  3^o-ton  casting;  H.P.  reqtdred  for  cut,  8.0.  Motor 
used,  12  H.P. 

Blotter:  cut,  |  X  1-16  in.;  speed  of  tool,  20  ft.;  machining  open  hearth 
steel  castings;  power  required,  6.98  H.P. 

Flat  turret  lathe;  1^  H.P.  motor  required. 

Gisholt  tool,  grinder;  speed.  1,600  to  1,800  rev.;  power  required,  7  for 
short  periods,  4  on  average.     Motor  used,  5  H.P. 

The  figures  given  in  the  following  table  for  the  power  required  to  nn 
the  planing  machines  empty,  do  not  include  the  maximum  horse  power  at 
the  instant  of  reversal,  but  represent  the  average  forward  aiMl  return  ofths 
aaspty  table. 


• 
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R«BiilU  of  tests  at  the  Baldwin  Looomotive  Works,  Philadelphi*  : 


Kind  of 
Machines. 


Wheel  lathe 
Wheel  lathe 
Wheel  lathe 
Bcrini;  mill 
Boring  mill 
Blotter  .    . 
Planer  .   . 
Planer   .    . 
Planer  .   . 
Planer  .   . 
Planer  .   . 
Planer   .    . 
Planer   .    . 
Wheel  lathe 
Rkdial  drill 
Boring  mill 
Boring  mill 
Blotter  .    . 
Bhaper  •   . 


Siie. 


84  in. 

84  in. 

84  in. 

78  in. 

78  in. 
36  in.  X  12  in. 
62  in.  X  36  ft. 
62  in.  X  36  ft. 
36  in.  X  12  ft. 
24  in.  X  13  ft. 
36  in.  X  18 
66  in.  X  36 
66  in.  X  24 

90  in. 

42  in. 

4  ft.  6  in. 

6  ft.  6  in. 
40  in.  X16  in. 
19  in.  str. 


ft. 
ft. 
ft. 


Material 
Out. 


Cast  iron 
Cast  iron 
Cast  iron 
Cast  iron 
Cast  iron 
Wrought  iron 
Wrought  iron 
Wrought  iron 
Wrought  iron 

Steel 

Wrought  iron 

Wrought  iron 

Wrought  iron 

Cast  steel 

Cast  steel 

Cast  steel 

Cast  iron 

Wrought  iron 

Wrought  iron 


S 

I 


I 


2 
2 
2 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 


Horse-Power. 


1.6 
1.4 

■       ■       •       4 

2.7 

1.95 

3.2 

4.6 

4.66 

1.43 

0.96 

2.1 

1.6 

1.8 

1.3 


Total  Cutting. 


Min. 


1.6 


A. 6 
11.4 
5.8 
3.0 
4.3 
4.8 
9.9 
6.0 
2.1 
1.1 
2.4 
2.4 
2.2 
1.8 


2.9 

4.2 

5.3 

4.3 

6.6 

4.4 

20.6 

23.0 

11.3 


13.0 
16.0 


Max. 


13.7 
17.7 


4.2    4.8 


Ave. 


4.8 


9.7 


Results  of  tests,  in  ten  different  plants  by  C.  H.  Benjamin,  to  determine 
the  proportion  of  power  absorbed  by  the  counters,  belting,  line  shaft,  ete. 


Kamra  of  Work. 


Boiler  shop     .   . 
Bridga  work  .   . 
Heavy  machinery 
Heavy  machinery 

Average  .  .  . 
Light  machinery 
Small  tools  .  . 
Small  tools  .  . 
Sewing  machines 
Sewing  machines 
Screw  machines . 

Average  .   .    . 


Friction  Horse-Power. 


4.77 
3.28 
6.70 
8.66 
6.67 
2.76 
8.00 
2.49 
4.36 
6.08 
6.33 
4.83 


.206 
.137 
.233 
.806 
.220 
.276 
.400 
.233 
.430 
.134 
.881 
.809 


.04 

.04 

.038 

.06 

.044 

.034 

.09 

.03 

.06 

.034 

.06 

.048 


Per 


Par 


Bear-|Goun- 
ing.     ter. 


.660 
.337 
.681 
.799 
.667 
.204 
.689 
.240 
.397 
.406 
.633 
.428 


.638 
.606 
.666 
.600 
.602 
.166 
.127 
.121 
.209 
.172 
.291 
.189 


Per 
Belt. 


.477 
.621 
.468 
.476 
.481 
.096 
.119 
.113 
.208 
.164 
.236 
.164 


Useful 
Horse- 
Power. 


Per 

Man. 


.810 
.164 
.707 
.627 
.462 
.790 
.109 
.881 
.180 
.181 
.296 
.406 


.877 
.142 
.160 
.342 
.380 
.099 
.162 
.227 
.204 
.098 
.896 
.196 


For  group  driving  determine  average  horse-power  for  each  tool,  add  these 
together  and  use  a  motor  with  a  capacity' of  nt>m  40  to  70  per  cent  of  the 
total  thus  obtained.  The  sise  of  motor  will  depend  upon  the  way  the  ma- 
ehines  are  worked  —  i.e.,  cutting  speed,  feed,  material  out,  and  whether  mod- 
em air-hardened  tools  are  used:  also  to  what  extent  machines  are  to  operate 
•imultanaonaly.  The  larger  the  group  the  smaller  the  motor  relative  to 
total 
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WiUiun  R.  Trioc  Work*. 


IS  in.  aaclmut!  D.  H.  ih^MT  . 
10  It.  Fond  boring  mill  ...  . 
18  In.  NbwIoh  rtoW  bt 


:  12  tl.  Wi«j.l"url  .t  Powell  plmer 

-flin,  X  12!i.  ilrrjp'---- 

U  it  Morrill  key^cltw 


1.  X  30  In.  X  S  ft.  Wiitdinird  i  Pnwsll  planer    . 
5  Milt! 


ixmM 


luplex  nuTlioc  laachine,  NewtoD. 


*2  Iq.  X  42  in.  X  20  ft.  plaoer 16 

Balifltt  njt  Co.  purtftble  deck  planar 5 

82  in.  X  30  ft.  Putnam  Utbe 10 

36  in.  X  25  ft.  Putiuun  l«tha 7.5 

22  ft.  Heeding  rails 

Driving 36 

12ia.  stralEhtHiinA  roll* 16 

No.  3  double  punoG 10 


Duplai  planer 


y 


■ngle  ehear 10 

11U.  4  punch 10 

No.  4  pundi 10 

No.  2  puocb 6 

No.  3  bor.  punch 7.B 

No.  a  Stortevant  bkiwer 13 

WsKBlbal  Mmp*. 

. , of  moton  used  at  the  Bannibal  ehop*  of  tbe  St.  Joamh  ai 

jRf.  IRaOroad  OiueUe.) 

Machimi  8aop. 

G4  Id.  planer IS 

42  In.  planer 10 

32  In.  planer 7.S 

Emery  grinder  .................... 

Grindstone 

Double  oenterlnfl  machine  ...............  9 

eO  in.  dHvlDs  irbeel  lath* 6 

2  quartering  enda  of  same S 

48  in.  lath* « 

18  in.  elotter 

22  ia.  shaft  lattM S 

Car  wheel  borer A 

Car  whMl  pcaK 10 
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Jbornal  lathe 1   .  . 

QrindBtone 10 

32  in.  lathe 4 

18  in.  shaper 6 

40  in.  wtical  driU 2 

4-n)indle  gao^  drill  . 7.6 

Blilunit  xnachme 8 

Grinding  machine 8 

32  in.  lathe • 

Flat  turret  lathe   .    .  ' 4 

18  in.  lathe 

18  in.  braae  turret  lathe 

16  in.  lathe 4 

16  in.  lathe 

16  in.  lathe « 

Drill 6 

No.  5  tadial  driU 

Acme  triply  bolt  cutter 

2  in.  double  bolt  cutter 6 

No.  6  radial  driU 6 

No.  6  oedllating  grinder 25 

24  in.  lathe 

24  In.  lathe 6 

Acme  nut  tapper 3 

16  in.  tool  room  lathe 2 

No.  2  oscillating  grinder 

Twist  drill  grinder 6 

BonjBB  Shop. 

No.  6  Nilee  power  bending  rolls. 38 

Double  pundi  and  shears 6 

Flue  tumblers 16 

Flue  cutter 

Flnescarfer 3.6 

SmaU  punch 2 

Blacksmith  Shop. 

Bolt  header 

Grindstone 6 

Bolt  shears 6 

Punch  and  shears     • 7.6 

Bradley  hammer 6 

Foise  blower 16 

Varg&tBn 10 

Wood  Mii«l. 

Automatic  cut-off  saw     ^ 10 

38  in.  band  resaw 8 

Vertical  borer .  7.5 

Automatic  car  gainer 16 

Mortieer 15 

Buss  planer 7.5 

Single  surfacer 13 

Planer  and  matcher 25 

Self-feed  large  rip  saw 25 

Small  rh>  saw 15 

Four-sided  timber  planer 45 

Power  feed  railroad  cutoff  saw 10 

Rip  saw  . 16 

Oiitside  moulder 22.5 

Double  sur&wser 17.5 

Upright  moulder  . 9.6 

liMrgetenoner 7.5 

Sffokl  saw , •  2 
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JU«hin«.  Ho™.Jto« 


Sharpener  and  summer 

Band  saw,  Mtter  and  flier 

Elmery  wheels 

Grindstone 6 

Shavings  exhaustw      »•...  60 

Elevator 7^ 

Cabinet  Shop. 

Patternmaker's  lathes 6 

Scroll  saw S 

Tenoning  machine 5 

Hollow  chisel  mortiser .,  4 

Universal  saw  bench 6 

Omtral  RaUrottd  mf  Hew  JTencjr  01iopa. 

Horse-power  of  motors  used  at  the  Central  Ry.  of  Ncnr  Jenejr 
iRaHroadGoMette,) 

88  in.  wheel 7% 

72  in.  driving  wheel 6 

Single  head  axle 2 

Double  head  axle 6 

36  in.  X  16  ft 4 

83  in.  X  18  ft 8 

30  in.  X  12  ft 8 

24  in.  X  16  ft 8 

42  In.  X  14  ft 8 

28  in.  X  12  ft 8 

pLANBna,  Slotters,  Shapbbs. 

60  hi.  X  60  in.  X  26  ft.  Pond  planer 18 

36  in.  X  36  in.  X  10  ft.  Pond  planer 5 

36  in.  X  36  in.  X  10  ft.j>laner 7i 

24  in.  X  24  in.  X  6  ft.  Fond  planer 6 

48  hi.  X  54  in.  X  14  ft.  planer 7i 

24  in.  erank  planer 4 

16  in.  traveling  head  shaper 8 

8  in.  slotter 8 

14  in.  slotter 4 

24  in.  sbtter       4 

BoRma  AMD  Turning  Milia  —  Boring  Machinrb. 

80  hi.  boring  mill 8 

80  in.  boring  mill 5 

30  inch  verucal  boring  machine 8 

36  in.  oar  wheel  boring  machine    ............  6 

8  ft.  boring  mill  with  slotter 7i 

Driving  wheel  quartering  machine 6 

Rod  borer .  8 

Drill  Pressbs. 

No.  8  Biokford  radial  drill 8 

80  fai.  drill  press 8 

80  in.  drill  press 8 

40  in.  drill  press  (floating) 8 

40  in.  drill  press 8 

40  in.  drill  press  (floathig) 8 

8-spindle  arch-bar  drUl 5 

Grindbrs. 

B.  &  S.  surface  grinder ••••  8 

Water  tool  grinder •••  6 

Angle  oook  grinder  ....••••••••••••••  8 
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BIlflCBLLANSOUB.  HoT8»-PoWOT 

of  Motor. 

64  In.  throat  single  end  punch 10 

No.  0  bulldbxer  complete 7^ 

3  in.  heading  and  forging  machine 10 

Newton  oold-eaw 10 

^,in.  bolt  heading  machine 5 

jr'in.  Acme  single  head  bolt  cutter 2 

Bolt  shears 4 

10  ft,  boiler  rolls 6 

84  in.  driving  wheel  press 5 

42  in.  oar  wheel  press 6 

86  in.  oar  wheel  press 3 

-Ab  Mdcal  Jtallwaj  Ahop. 

Estimated  motor  power  for  various  tools  for  a  railway  shop.  (From  a 
DaMT  read  before  the  Master  Mechanics'  Convention,  June,  1902.  by 
L.11.  Pomeroy.)  Horse-Power 

^™"*-     .  of  Motor. 

op  in.  drivhig  wheel 7.6 

80  in.  driving  wheel      7.0 

42  in.  truck  wheel  tire  turning,  heavy 5 

Axle,  single,  heavy,  for  driving  axles ^6 

Axle,  double  head 5 

48  in.  X  14  ft.  engine,  heavy 6 

3d  in.  X  10  ft.  engine,  heavy 3 

30  in.  X  12  ft.  engine,  heavy 8 

28  m.  X  12  ft.  enpne,  heavy 2 

26  in.  X  8  ft.  engme,  very  heavy 2.5 

20  in.  X  10  ft.  engine,  medium 2 

18  in.  X  10  ft.  en^ne,  medium *  2 

16  in.  X  8  ft.  engme,  medium •         2 

2  X  24  flat  turret 3 

21  in.  heavy  screw  macliine 3 

20  in.  universal  monitor,  for  brass 1 

18  in.  universal  monitor,  for  brass 2 

16  in.  Fox  lathe,  with  turret       2 

12  in.  speed  lathe 2 

Dbill  Prbbbbb. 

72  in.  radial,  heavy 6 

60  in.  radial,  heavy 3 

48  in.  radial,  medium 2 

40  in.  upright  heavy 3 

36  in.  upright  heavy 2( 

30  in.  upright,  heavy 2 

20  in.  upriijfht,  light 2 

Cotter  drilling  machine 2 

Sensitive  druT .5 

GaiNDma  Machines. 

I4uidis  grinder  for  piston  rods,  etc 3 

Surface  grinder      3 

Universal  grinding  machine  (same  as  No.  2  B.  ft  S.) .   .   .   .  2 

Twist  drill  grinder 2 

Sellers  or  Insholt  tool  grinder 3 

Two  20  in.  wet  tool  grmders 6 

Small  tool  grinder  (B.  &  8.  No.  1) 1 

Flexible  swmging.  grinding,  and  polishing  machine   ....  8 

Large  buffing  ana  polishing  wheel 2| 

Planbbs. 

72  in.  X  72  hi.  X  14  ft 15 

60  in.  X  60  fai.  X  28  ft 15 

54  in.  X  52  hi.  X  14  ft 15 

42  in    X  42  hi.  X  16  ft 10  ^ 

38  in.  X  38  hi.  X  10  ft 7.5 

36  hi.  X  36  in.  X  10  ft 7.5 

80  hi.  X  30  in.  X    8  ft 5 
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Horae-F^' 

....  ®'  Motor, 

10  in  traveanc  head  shaper 2 

16  in.  shaper 2 

14  in.  ahaper 2 

12  in.  8hai>er 2 

Ricliards  side  planer,  20  in.  X6  in 5 

Slotting  Machimxb. 

18  in.  slotting  maoliine 7.5 

14  in.  slotting  machine 5 

10  in.  slotting  machine 3 

Colbum  keyseating  machine 5 

BoRiNo  MiiiLa. 

84  in.  boring  and  turning  mill,  two  heads 7.5 

02  in.  boring  and  turning  mill,  two  heads 5 

37  in.  boring  and  turning  mill,  two  heads 6 

30  in.  horisontal  boring  and  drilling  machine 5 

Cylinder  boring  machine 7.5 

Milling  Machincs. 

Heavy  Vj^ioal  milling  machine 10 

Vertical  milling  machme  (No.  6  Becker-Brainard)     ....  7.5 

Heavy  slab  milling  machine 15 

Universal  milling  machine  (heavy) 5 

Plain  hoiisontalmilling  machine  (same  as  Becker-Brainard 

No.  7} 4 

Small,  plain  milling  machine  for  brass  work 2.5 

Universal  milling  machine  (same  as  B.  ft  S.  No.  3)    .   •   .    .  1 

Boi/r  AND  NxTT  Macbinebt. 

2}  in.  single  head  bolt  cutter 3 

It  in.  double  head  bolt  cutter 4 

5-spindle  nut-tapping  machine 8 

Bolt-pointing  machine 8 

Nut-Akcing  machine 8 

Heavy  power  hacksaw •••  2 

Small  power  hacksaw 1 

BLACKSMTna'  TooiiB. 

Quick-acting  belt  hammer       6 

3  in.  bolt  heading  and  upsetting  machine 8 

H  bolt  heading  and  upsetting  machine 8 

Heavy  shear  to  cut  4X4  bar 7i 

Shear  to  cut  up  to  5  X  1  in 5 

Shear  to  cut  up  to  H  in.  roimd  iron 6 

No.  8  Newton  cold  saw  cutting-ofiF  machine 6 

BOILSR  TooiA. 
16  ft.  gap  hyd.  fixed  riveter,  pump,  aooumulator,  and  oiane, 

complete 100 

Heavy  boiler  plate  punch  or  shear,  48  in.  throat  d^th    .   .  10 

Heavy  boiler  plate  punch  or  shear,  30  in.  throat  depth    .    .  7.5 

Tank  plate  punch,  30  in.  throat  depth 5 

Tank  plate  shear,  24  in.  throat  depth 5 

Boiler  plate  shear,  30  in.  throat  depth,  f  in.  plate     ...  7.5 

Flange  punch 5 

12  ft.  boiler  rolls  for  f  in.  plate 

Light  6  ft.  rolls 85 

Plate  planer,  20  ft 8 

WOODWORKIHO  TOOLB. 

Fattemmaker's  lathe ■••••  6 

Band  saw 8 

Medium-eised  saw  bench,  crosscut  and  rip  saw 5 

Mediiun-eised  hand  planing  and  jointing  machine 5 


y 


HOBSE-POWEB  IN  HACHIN E-SHOPS. 


Kind 

Hon.e-pow,r. 

a 

8 

1 

Name  ot  Finn. 

3 

I.L 

f 

f 

F 

1 

J 

LaneiBodley   .... 

J.  A.  Fny  A  Co 

Fr'onUgr'lruuABrui  W'ks 

TBvk.rMfg.Co 

Bulilwln  Loco.  Worki     . 

W.  SellirB  &  Co.  (one  ile- 

partment) 

PrUt  S  Whitney  Co.  .    . 
Bion  A  Shupa  Co.  .    . 
Villa  &  Tonns  Co.  .    .    . 
FernuutaMschlDeCo.  . 
T.  B,  Wooil'ii  BoiiB  .    .    . 
Bridgeport  Forge  Co.    . 

Singer >Itg.  Co 

MoSeMtgCo 

Wurca  ter  Mnch.  Sarew  Co 

Unrttord        

Nicholson  FtlB  Co.      .    . 

K.  &  W.W. 

M.»^.BlC. 

H.  M. 

M._T. 

C.4L. 
H.  S. 

jr. 

26 

m 

IW 
40 

BS 

aoott 

41 

76 

100 

301 
B- 

a 

76 
300 

23 

« 

49 

BO 

2C 

132 

300 

«» 

2.27 
3.00 

■2.« 

.63 

S.20 
4.B7 

1.73 

-^'■'■"^■■' 

?.i,-:A 

-  <■■" 

■'i; 

'!' 

MJ 

:liig  mocblnerrj   H.  M., 


■hlDKry  ;  M.  E.,  marine  englne«j  L..,  locomotlyei ;  H.  k.,  he»Tl 

^  ;   M.  T.p  mMhlDB-tool* ;   C.  *  L.,  crues  and  lock»  j   P.  &  D., 

irauea  and  dl«i   P.  &  H.,  pulleya  nnd  ■haftlng:    E.  F.,  hearr  torolnaa: 
].  M.,  seirlng-iDiicblDeB ;  H.  B.,  maohlu»«arsir«  ;  P.,  fllH. 


(Baa  aepten 
B2  in.  X  30  ft,  Who,  t 


Cut,  *  in.  I 


"  fAKnf.  e  H.P.  reqmi 


■.  R.  Trlrt-  Wovlta. 

-,  1902,  UocAuMTif.) 

on.    Tool  c 
run  the  latL.  .. 
cutting  apaed;  3 
i«tel  remo —  - 
jacd;G4.8  I 


L  lain.  fosd. 
■„  4.77;  reven 


ultLng  apaed,  31.83  ft.  par  nut 
rjtlin*.  £88:  returning.  3.M; 
haaa  aicperinienti  tha  rerena  l»  ..l 
rom  2.23  to  2  :tS  timaa  the  powA- 


iS.O  ft.  par  mlnul 


i 
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from  4.06  to  3J>0  the  power  requirecl  to  return;  or  from  5.11  to  3.86  tbe 
power  required  for  cutting. 

36  in.  X  26  ft.  Putaam  lathe,  cutting  shaft  nickel  steel,  oil  tempered  sad 
annealed,  with  Sanderson  self-hardening  tool  steel.  Diameter  work.  Of  is. 
Experiments:  (1)  Cut  i  in.  deep  X  i  in.  feed,  5.76  revolutions.  H.P.  —  1.5. 
(2)  Cut  3-16  X  i,  4.65  revolutions,  H.P.  -  1.76.  (3)  Cut  i  X  i,  3.28  rsfo- 
lutions.  H.P.  -  1.9.     (4;  Cut  i  X  i,  2.71  revolutions.  H.P.  -  1.26. 

Another  Hne  of  experiments  was  conducted  with  the  same  lathe  cattiBg 
nickel  steel  shaft  01  in.  diameter,  cut  constant  at  \  in.  deep  and  feed  f^  in.  par 
revolution.  The  speed  of  motor  was  gradually  increased  from  No.  8  mm 
to  No.  11  notch  of  the  controller,  repree^iting  an  increase  of  motor  revohi- 
tions  from  220  to  700  per  minute,  or  an  increase  in  the  revolutions  of  the 
lathe  from  3.03  per  minute  to  0.64  per  minute.  The  H.P.  required  inereMed 
from  1.068  to  4.26. 


C«tt«M  IHaclitaeiT'. 

Wm.  O.  Wxbbeb. 
Looms. 


Amoskeag,  Whitin 
AmoskeM,  Whitin 
Lowell  Shop  .  .  . 
Lowell  Shop  .  .  . 
Lowell  Shop  .    .    . 

Whitin 

Amoskeag  .... 
Whitin 


Width. 

Picks 
per  Min. 

Picks 
per  Inch. 

40  in. 

142  ft. 

68X80 

45  in. 

142  ft. 

68X80 

40  in. 

160  ft. 

72X80 

36  in. 

160  ft. 

64X90 

32  in. 

170  ft. 

64X88 

40  in. 

144  ft. 

80X84 

48  in. 

144  ft. 

80X84 

40  in. 

147  ft. 

84X02 

24  X31 
24  X31 
24  X31 
24  X38 
27iX38 
28  X3S 
28  X33 
28    X33 


poi 


.254 

.214 
.273 


.311 

.28U 

.2S7 


Slabhsbs.  —  2,872  ends 

Cut  in  84  seconds  —  3.03  horse-power. 
Cut  in  64  seconds  —  4.574  horse-power. 
Cut  in  52  seconds  —  5.53    horse-power. 

Wabpbbb.  —  350  ends,  50  yds.  per  min.  —  .313  H.P. 

Shbabb,  4  blades  and  fans,  1,800  R.P.M. 

100  yards  per  min.  42  inch  ck>th  «  6.07  H.P. 


Cards. 


Finisher,  Lowell  .    .  . 

Finisher,  Amoskeag  . 

Finisher.  WhiUm     .  . 

Lowell  breaker    .    .  . 

Amoskeag  breaker  .  . 

Whitin  breaker    .    .  . 
Revolving  top  flat  card 


Hone- 

power. 

36  inch  cylinder 

128  R. 

.187 

36  inch  cylinder 

140  R. 

-.247 

36  inch  cylinder 

140  R. 

.19 

36  inch  cylinder 

128  R. 

.226 

36  inch  cylinder 

140  R. 

.247 

36  inch  cylmder 

140  R. 

.173 

40  inch  cylinder 

162  R. 

.021 

p^ 
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Wm.  O.  Wbbbkb. 


30  in.  X  52  in.  2  rev.  No.  8  Gottrell  press,  19  impressions  per  minute 
27  in.  X  41  in.  No.  20  Adams  press,  16  impressions  per  minute     . 

32  in.  X  54  in.  Huber  perfecting  press 

43  in.  X  64  in.  Huber  perfecting  press,  autom»tio  feed 

27  in.  X  41  in.  No.  4  Adams  job  press 

26  in.  X  40  in.  No.  2  Adams  job  press 

32  in.  X  54  in.  No.  1  Potter  oyiinoer  roller  press 

26  in.  No.  1  Hoe  perfectlDC  press 

Web  pi4)er^wettins  machine 


Horse- 
power. 


1.189 
.68 

2.44 

5.55 
.43 
.337 
.50 

5.41 
.52 


NswsPAPBB  Pbimtino  Machinbbt. 


One  10  page  web  perfecting  press,  12,000  per  hour 
One  10  page  web  perfecting  press,  24,000  per  hour 
One  12  page  web  perfecting  press,  12,000  per  hour 
One  12  page  web  perfecting  press,  24,000  per  hour 
One  32  page  web  perfecting  press,  12  000  per  hour 


Horse- 
power. 


15.39 

31. 

20.45 

29.56 

28.73 


Cauco  PBiNTDra  Hachinbbt  —  Capacity  100  yds.  print  goods  per  min. 


One  19  cylinder,  soaper  and  dryer,  full     .... 

One  cutting  machine,  full 

One  set  drsring  cans  to  cutting  machine,  full  .    . 
One  back  atareher,  3  wide  machines,  full .... 
One  indigo  skying  machine,  5  vats,  all  working  full 
One  40  in.  5  roll  calender,  working  full     .... 
One  single  color  printing  machine 


Rev. 

Foot- 

per 
min. 

pounds. 

110 

2.182 

66 

1,526 

no 

1,282 

115 

2,830 

64 

2,635 

234 

5.890 

«    •   • 

Horse- 
power. 


3.97 
2.77 
2.33 
4.24 
4.78 
9.80 
10.6 


light-rtmnmg 20  machines  to  1  h.p. 

Heavy  work  on  same 16  **  **  •■ 

Leather-sewing 12  **  *'  ** 

BuMon-hole  machines    ...      8  to  12  **  **  ** 
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POirBR  CO]l«lJMPT<OIf. 


Character 
of  loBtallationa. 


BiUcerieB  .... 
Bakeries  .... 
Boiler  shope  .  . 
Boiler  shops  .  . 
Boots  and  shoes 
Box  making  .  . 
Blacksmiths  .  . 
Brass  finishing  . 
Butchers  and  packers 
Butchers  and  packers 

Breweries 

Carpet  cleaning      .    . 
Cement  mixing  .    .    . 
Candy  manufactory  . 
Candy  manufactory  . 
Cotton  mills    .... 
Carriage  works  .    .    . 
Chemical  works      .    . 
Clothing  manufacturing 
Grain  elevators  .    .    . 
Feather  cleaners    .    . 
General  manufacturing 
Engrv.  and  electrotyping 
Engrv.  and  electrotyping 
Glass  grinding    .... 

Foundries 

Foundries 

Furniture  manufactiuing 

Flour  mills 

Hoisting  and  conveying 
Hoisting  and  conveying 

loe  cream 

Refrigeration  .... 
Jewelry  manufacturing 

Laundries 

Marble  finishing  .  .  . 
Machine  shops  .... 
Newspapers    .    .... 

Newspapers 

Ornamental  iron  works 
Paint  manufacturing     . 
Printers  and  bookbinders 
Printers  and  bookbinders 
Plumbing  manufacturing 
Rubber  manufactiuing 
Sheet  metal  mfg.    .    . 
Soap  manufacturing 

Seeds   

Structural  steel  . 
Structural  steel  . 
Stone  cutting  . 
Tanners  .... 
Tobacco  working  . 
Wholesale  i^ceries 
Wood  working  . 
Woolen  mills  .    . 


Averages. 


y 


♦  G 


Average 

K.w: 

Hours 

per 
Month. 


1,682 

705.3 

326.7 
1.172 
3.050 
1,555 

586 

5.736 

1,090 

1.049 

12.310 

644 
2.009 
1.893 

796 
11.829 
2.091 
4.802 
1.181 
3,842 
2.447 
6.133 

863 
2,369 
2.760 
2.057 
2.419 
1,750 
41.276 
2.905 
6.562 

596 
4.645 
2,526 

676 
1,464 
4,006 
3.150 
4.975 
2.771 
2.814 
1.147 
6.215 
3.020 
1.051 
1.321 
3.434 
2,917 
6.514 
77.704 
7,425 
2.466 
3.441 
2,005 
2306 
20.985 


Average 
Con- 
nected 
Motor 
Load, 
H.P. 


3.500 


32.8 
22.5 
51.4 
32.2 
39.7 
18.1 
9.4 
40.5 
24.8 
36.9 
94.0 
14.5 
37.6 
26.6 
29.9 
99.0 
24.8 

109. 
23. 

114.4 
54.4 
67.5 
12.4 
46.3 
33.5 
27.7 
81.1 
35.7 

148.5 
70.6 

253. 
31. 
36.7 
31.7 
10.8 
19.8 
57.6 
47.4 

137.0 
38.4 
60.4 
20.4 
76.8 
42.4 
26.0 
38.8 
73.0 
55.1 

176.0 

552.1 
76.6 
28.6 
62.3 
47.0 
39.5 

150. 


Indi- 
vidual 

or 
Group 
Drive.* 


G 


G 
G 
G 
G 

h 

G 
G 
G 

h 

G 

G 

G 
GftI 
G&I 
G&I 

G 

I 
G 
G 

I 

G 
G 


GAI 
GftI 

G 

G 
G&I 

G 

G 

h 

G&I 
G 

h 

G&I 

G 

G 
G&I 


A 


G&I 

G 

G 
G&I 
G&I 

G 

t  r  •  T,i 


Ave. 
No.  of 
Mo- 
tors. 


2.7 
8.1 
2.8 
6.2 
6.8 
4.3 
2.2 
7.4 
2.0 
6.7 
4.6 
1.6 
1.0 
8.6 
7.6 
3.0 
§.6 
6.6 
4.0 
3.8 
6.6 
6.4 
2.6 
26.7 
8.0 
2 
7 


.3 
.0 


8  6 
3  1 
6.4 

20.0 
6.4 
2.6 
4.6 
2.1 
1.8 
4.6 
4.8 

17.3 
3.6 
4.6 
2.6 

24.0 
4.8 

16. 
3.7 

10.0 
6.8 

16.1 

86.6 
8.8 
2.6 
7.0 
4.5 
8.6 
8.0 


Connect- 
ed Motor 


6^ 


27.8 

17 

19.6 

8 

33. S 

11 

20.7 

6 

42.8 

13 

46.4 

90 

34.2 

12 

45.0 

9 

36.4 

13 

18.8 

10 

33.0 

8 

30.1 

12 

24.9 

4 

33.6 

10 

16.3 

8 

60.1 

S 

35.5 

22 

23.5 

< 

44.6 

33 

32.6 

19 

25.7 

2 

33.9 

181 

46.9 

8 

22.5 

7 

36.6 

6 

43.7 

15 

21.3 

18 

35.6 

9 

48.1 

» 

28.3 

5 

13.0 

0 

36.9 

< 

53.4 

17 

31.6 

5 

34.0 

19 

51.8 

13 

34.5 

51 

38.0 

34 

16.1 

31 

41.6 

.  9 

26.5 

11 

89.5 

54 

26.0 

38 

21.6 

15 

24.7 

2 

27.3 

17 

27.6 

3 

94.4 

5 

18.5 

6 

81.1 

6 

84.4 

90 

64.6 

5 

37.5 

4 

26.0 

17 

88.8 

64 

71.0 

1 

6.081     88.9 


£0 


stands  for  Group.     I.  for  Individual. 
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P«wer  f«r  Blectric  Ci 

Jovmal  Soeuty  of  WsHtm  Enginmn. 

The  following  data  od  the  power  required  for  electric  traveling  cranes  were 
nven  by  Mr.  8.  S.  Wales  at  a  meeting  of  the  Engineers'  Society  of  Western 
Kninsylvania. 

An  electric  crane  is  divided  into  three  general  parts  —  bridge,  trolley,  and 
hoist,  each  of  which  has  its  own  motor  and  controlling  system,  and  each 
subjected  to  diflferent  conditions  of  work. 

For  the  bridge,  where  the  ratio  of  axle  bearings  to  diameter  of  wheel  is 
between  one  to  five  and  one  to  six,  the  following  table  will  answer  our  pur- 
poee  for  weights  and  traction  for  different  spans: 

Lei  L  "■  working  load  of  crane  in  tons. 

W  —  weight  of  bridge  alone  in  tons, 
w  —  weight  of  trolley  alone  in  tons. 
8  —  speed  in  feet  per  minute. 
P  —  pounds  per  ton  required. 


Span. 

W. 

P. 

25  ft. 

.3L 

30  lbs 

50  ft. 

.6L 

35  lbs. 

76  ft. 

1.  L 

40  lbs. 

100  ft. 

1.5L 

45  lbs. 

For  the  trolley  we  would  assume  the  weight  and  traction  as  shown  in  the 
following  table: 

L.  W.  P. 

1  to    25  tons.  .3L  30  lbs. 

35  to    75  tons.  .4L  35  lbs. 

75  to  150  tons.  .5L  40  lbs. 

Now  the  power  required  for  bridge  will  be: 

(L  +  TT-f  ig)XP  X8      „p 

33,000  "  "'   • 

which  result  will  be  used  in  connection  with  the  motor  characteristic  to 
determine  the  gear  reduction  from  motor  to  track  wheel.  As  the  nominal 
H.P.  rating  of  a  series  motor  is  based  on  an  hour's  run  with  a  rise  of  75°  C. 
above  the  surrounding  air  and  as  conditions  of  bad  track,  bad  bearings,  or 
poor  alignment  of  track  wheels  may  be  met  with,  Ik  times  the  above  result 
shouki  be  taken  as  the  proper  size  motor  for  the  brioige. 
For  the  trolley  the  power  required  would  be: 

iL  +  v})XP  XS       „p 
33.000  "      •   • 

which  will  be  used  for  speed  and  gear  reductions,  but  1^  times  this  should 
be  used  for  sise  of  motor. 

For  hoist  work  we  cannot  have  so  large  margin  of  power,  as  the  variation 
from  full  load  to  no  load  may  imply  a  possible  dangerous  increase  of  speed, 
aiod  unless  the  crane  is  to  be  subjected  to  its  maximum  load  continuously  or 
is  to  be  worked  where  the  temperature  of  the  surrounding  air  will  be  high, 
it  is  safe  to  use  the  sise  found  by  assuming  1  H.P.  per  10  ft.  ton  per  minute 
of  hoisting.  This  is  nearly  equal- to  assuming  the  useful  work  done  as  60 
per  cent  of  the  i>ower  consumed. 

As  an  illustration,  let  us  take  a  crane  of  50-ton  capacity,  lifting  speed  of 
hoist  15  feet  per  minute.  Bridge  to  be  70  feet  span  and  to  run  2O0  leet  per 
minute  with  load.  Trolley  to  travel  100  feet  per  minute  with  full  load. 
On  the  foregoing  assumption  the  bridge  would  weigh  50  tons  and  require 
40  pounds  per  ton  for  traction,  and  the  trolley  would  weigh  20  tons,  and 
require  35  pounds  per  ton  for  traction. 

The  power  for  the  bridge  would  be: 

120X40X200  _oQ  TTP 
33,O0Q  •      ' 
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and  the  riie  motor  Ih  tizxies  this  would  sive  434  H.P.  or  60  H.P.. 
being  the  nearest  standard  dxe,  and  the  specification  Aouki  read  not 
than  60  H.P.  motor  to  be  used  for  bridge  travel. 
Sindlarly  the  trolley  will  reqoire 


70  X  36  X  100 


-7.43H.P. 


33.000 

and  the  sise  motor  required  will  be  li  times  this,  or  8.28  H.P. 
The -hoist  would  require 

50X  15 


10 


-  76  H.P. 


and  would  be  specified  not  less  than  76  H.P.  motor  to  be  used  as  hoists. 


Op«ratfnc  C4Mt  of  Electric  BlcTatova. 

From  Circular  of  CineinntUi  0(u  and  EUdrie  Co, 
Six  Months'  Average. 


Freight  Elevators.* 

Passenger  Elevators.t 

No. 

H.P. 

Average 

Monthly 

Cost. 

No. 

H.P. 

Average 

Monthly 

Cost. 

10 

$11.92 

1 

15 

$39.64 

10 

10.00 

2 

20i 

19.05 

20 

33.01 

1 

18 

05.83 

6 

6.00 

2 

3 

17.30 

6 

4.00 

1 

23.57 

6 

6.00 

1 

16 

14.22 

6 

4.00 

6 

73 

59.40 

6 

7.37 

2 

32 

38.16 

6 

4.00 

3 

?§t 

34.55 

6 

11.86 

2 

19.80 

10 

9.60 

1 

8 

9.78 

10 

9.60 

1 

8 

14.87 

1 

•      8i 

9.40 

1 

11 

18.43 

2 

26 

23.76 

1 

16 

9.15 

6 

3.60 

1 

16 

22.01 

10 

0.60 

1 

16 

4.75 

6 

4.76 

2 

164 

17.63 

10 

11.30 

1 

I2I 

14.06 

8 

7.60 

2 

12} 

12.83 

20 

28.06 

2 

11 

17.74 

7* 

7.12 

8 

41 

37.95 

6 

4.76 

1 

10 

23.40 

6 

4.60 

1 

16 

18.M 

6 

6.26 

1 

10 

19.05 

7* 

7.12 

1 

10 

19.80 

1 

1 

13 
10 

13.80 
18.98 

30 

221i 

$241.96 

1 

26 

36.81 

45 

6a» 

$668.58 

*  Average  oost  per  elevator  per  month  $8. 
r  horse-power,  $1 .09. 
t  Average  oost  per  elevator  per  month,  $14.64. 
r  horse-power,  $1.26. 


eost  per  month 
cost  per  moBth 


•' 
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•srlat  kr  mactrlc  Drtva.  —  Fig.  N<m.  3  ud  8  ihov  cn[diiadly 
■•  akVlDs  ni»de  in  power  by  tbe  UM  of  «lactriD  diiva  ovsr  tha  a»  of 


s£i^ 


USEFUL  WORK 


Cnxkep-Wlualar  Elsctrio  Coi^uiy. 


Ft*.  3.     1995,  DiBAruB  of  Ldbh 
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IiIAT    Of     TOOI.A    ATCD     A17PPI.IBA     USESncX.    MM 

DYlTAMOfl. 


1  Tool  ebeet. 

1  Magneto  and  cable. 

1  Bp^d  indicator. 

1  Tape  line,  76  ft. 

1  Rule,  2  ft. 

1  Soraper,  for  bearings. 

1  Blow  lamp. 

1  Clawhammer,  No.  13. 

1  Bail  pein  hammer,  No.  24. 

1  B.  &  S.  pocket  wrench,  No.  4. 

1  Monkey  wrench,  10  inch. 

1  Set  (2)  Champion  screwndrirers. 

1  Large  Bcrew-driver,  12-lnch. 

1  OfPHset  8crew-driver. 

1  Ratchet  brace,  No.  33. 

Bits,  i,  I,  i,  t,  I,  I,  1  inch. 
1  Clarke  Expansive  bit,  |  to  3  inch. 
1  Screw-drirer  bit. 
1  Gimlet  bit. 
1  Wood  conntersink. 
1  Extension  drill.  |  in.  length,  24  in. 
1  Lonff  or  extension  gimlet. 
1  Cold  chisel,  }  inch. 
1  Half  round  cold  chisel. 
1  Cape  chisel. 

1  Wood  chisel,  firmer  paring,  |  inch. 
1  Brick  drill. 


Files,  one  each :  round,  flat,  half- 
round  and  three-square. 
1  Saw,  20  inch. 
1  Hack-saw,  10  inch. 
10  Extra  saw  blades. 
1  Plumb  bob. 
1  Brad  awl. 
1  Pair  carbon  tongs. 
1  Solderinff  ocmper,  Ko.  3. 
1  Pound  of  solder. 
1  Pair  of  climbers. 
1  Come-along. 
1  Splicing-clamp. 
1  Strap  and  vise. 
1  Pair  line  pliers,  8  inch. 
1  Pair  of  siae-cutting  pliers.  5  inch. 
1  Pair  of  diagonal-cutting  pliers,  6  in 
1  Pair  of  roundfDOse  pliers,  6  inch. 
1  Pair  of  flat-nose  pliers,  6  inch. 

1  Pair  of  burner  puers,  i  inch. 
6  Sheets  of  emery  cloA. 

6  Sheets  of  orocus  cloth. 

2  Gross  of  assorted  machine  screws. 
2  Gross  of  assorted  wood  screws. 

150  Special  screws. 

Taps,  fr-30, 10-24,  13-24,  ia-18. 

Drills,  34,  21, 0, 16-64. 
1    Tap  wrench. 


The  following-named  tools  will  probably  be  required  in  constructing  lines 
for  city  or  commercial  lighting ; 

(Davis.) 


Article. 


Stubs*  pliers,  plain    .... 
Climbers  and  straps  .... 
Pulley-block  and  ecc.  clamp 
Come-along  and  strap   .    .    . 

Splicing-clamps 

Linemen's  tool-bag  and  strap 
Soldering-fumace  .... 
Gasoline  blow-pipes .... 

Soldering  coppers 

Pole-hole  shovels 

Pole-hole  spoon,  regular  •  . 
Octagon  digging-bars    .    .    . 

Tamping-bars 

Crowbar 

Pick-axe 

Carrying-hook,  heavy    .    .    • 

Cant-hook 

Pike-poles 

Pole-supporter 

Comb,  pay-out  reel  and  straps 

Nail-hammer 

Linemen's  broad  hatchets     . 

Drawing-knives 

Hand-eaw 

Ratchet-brace,  bits    .... 

Screw-drivers 

Wrench 

Retard  file 


Sise. 


Sin. 


To 
No.  3 
B.&S. 


21b. 
8  ft. 

7  ft. 

8  ft. 
7  ft. 

101b. 


4  ft. 

16  ft. 

Oft. 

'lib. 

6  in. 
12  in. 
26  in. 
10  in. 

8  in. 
12  in. 
12  in. 


Cost 
about 


•2J0O 
3jOO 
BM 
2.96 
2J» 
4^ 
6.00 
6.00 

J6 
IJEO 
1.26 
3.50 
2.60 

JW 

.16 
6.00 
2.00 
2.40 
12.00 
20.00 
IjOO 
IJSO 
2.10 
IJSO 
8.00 

M 
1J6 

.30 
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aSQUIBKD  IK  IKSTALLnrO  15  OITT  LAMPS  AJXD  20  COHMK&CIAL  LAMPS 
ON  A  FIYB^MILB  OIBCUIT,    BETTIirO  POLKS  132  FXBT  APART. 

(Dayla.) 


Articles. 


Size  or 
Diameter. 


Eleotrio-light  poles    . 
JSlectrio-llght  poles 
Electrio-llght  poles   . 
Croes-anns,  4-piii  .    . 
Painted  oakpliui  .    . 
Oak  pins  ana  bolts 
Iron  Dreak-arms    .    . 
Lag-screws  and  washers 
Olass  insulatorsi  D.  6. 
Pole  steps      .... 
Oay  stranded  cable  . 
Cross-arm  brace  and  bolts 
Line  wire  •••••* 


30  ft.,  6  in. 
36  ft.,  7  in. 
40  ft.,  7  in. 
4  ft. 


U  in. 
Uin. 


iX7in. 
■  •  •  • 
|X8in. 
tin. 

6BS' 


Price 
about 


92.40  each 
4.15    " 
5.50 

.30 

.02 

jtn 

.76 
.04 
.07i  " 
M    •• 
.07  lb. 
.20  each 
126.00  mi. 


II 

14 
II 
II 
II 


Quantity. 


180 

a        .        t 

40 
200 
800 

24 

26 

400 

860 

2500 

500  lbs. 

40 
6  miles 


IMPS. 

(Davis.) 


Sleet-proof  pulleys  .  , 
Street-lamp  cleats,  iron 
Arc-lamp  cordage . 
Suspension  cable  . 
Hani-rubber  tube  . 
Soft-rubber  tubing 
Arc  cut-out  .  .  . 
Porcelain   insulators  and 


sorewB 

Oak  brackets  and  spikes 


in. 
in. 

Xfin. 
in. 


fO.75  each. 

.25    ** 
1.26  hd.  ft. 

.02^  ft. 
1.501b. 

.20  ft. 
3JS0each 


2.40  hd. 
2.50 


II 


30 
15 
26 
3000  ft. 

■  6  lbs. 
200  ft. 
20 

400 
150 


The  use  of  electricity  for  thawing  out  frosen  underground  water  pipes 
requires  a  transformer  say  of  10  or  20  kilowatts  capacity,  which  can  be 
taaen  to  the  beaJity  required,  connecting  the  primary  with  the  high  ten- 
sion drouit  passing  the  place,  and  then  connecting  the  secondary  through 
an  anupere  meter  and  rheostat  to  the  service  in  trouble.  Where  services 
from  the  street  mains  to  two  adjacent  houses  are  both  frosen,  it  is  only 
necessary  to  connect  the  secondary  circuit  to  the  kitchen  faucet  of  both 
houses  and  thus  the  circuit  is  complete  through  the  service  of  one  house 
to  tb«  street  main  and  back  through  the  service  of  the  second  house. 

Where  the  service  of  but  one  house  is  to  be  thawed,  one  end  of  the  sec- 
ondary circuit  is  connected  to  the  kitchen  faucet  and  the  other  end  to  the 
nearest  street  hydrant  or  other  street  connection.  Currents  varying  from 
20  to  500  amperes  are  used,  obviously,  varsong  according  to  the  conditions; 
And  the  time  taken  to  thaw  the  ice  sufficiently  to  start  the  water  running 
will  be  from  10  to  46  minutes  or  perhaps  8  to  8  hours,  according  to  circum- 
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The  averaae  time  for  the  ordinarv  house  service  will  seldom  exoeed  46 
minutes,  whue  for  a  five  or  six  inch  pipe  that  has  been  frosen  solid  the 
bluest  amount  of  current  and  time  mentioned  will  be  required. 

It  is  very  seldom  necessary  to  melt  the  entire  plug  of  ice,  as  the  thawiag 
of  a  thin  sheet  nearest  the  metal  will  start  the  water  running  and  that  m 
consume  the  ice  in  a  short  time. 

Hm  following  table  is  compiled  from  data  that  have  appeared  in  varioai 
periodicals.  It  rej;>resent8  average  conditions  for  last  year,  and  shows  wlwt 
may  be  expected  m  the  future: 


Sise  Pipe. 

Length. 

Volts. 

Amps. 

Time  Required 
to  Thaw. 

.  ,m 

40  ft. 

50 

300 

8  min. 

J  ^ 

100  ft. 

fi5 

135 

lOmin. 

.  .' 

250  ft. 

50 

400 

20  min. 

■  0 

250  ft. 

50 

500 

20  min. 

I' 

700  ft.   . 

55 

175 

5hT8. 

4" 

1300  ft. 

55 

260 

Shrs. 

10* 

800  ft. 

70 

400 

2hT8. 

The  following  notes  on  melting  points  of  various  substances  may  be  of 
asdstance  in  cheeking  thermometers  and  showing  the  safe  Hmits  on  elec- 
trical apparatus  that  operates  in  heated  conditions. 

a  F. 

Pure  cane  sugar  (granulated)  melts  at       160  320 

Tin  melts  at        235  455 

Bismuth  melts  at 269  513 

Lead  melts  at 327  618 

Zine  DMtts  at 419  7S8 


INDEX. 


▲blir«Ttati«a«  for  units,  6. 
Abaohm,  value  of,  7. 
Absolute  units,  2. 
Absorbent  for  X-ray  tubes,  1251. 
Abvolt,  value  of,  7. 
Aooeleration,  average  rate  of,  666. 
definition  of,  3. 
fonnula  for,  664. 
Aeetie  acid  in  eleotrolyte,  test  for, 

878. 
Aeheson  process,  graphite  produc- 
tion by,  1246. 
Add,  conducting  power  of,  teble  of, 

005. 
Acker  process,  caustic  soda  by,  1240. 
Acoustic  telephone  call  system,  294. 
Action  of  wattmeters,  1039. 
Active  material,  increase  of,  873. 

loss  of  battery  plates,  881. 
Acyclic  machines,  def.  of,  604. 
Adhesion  of  cement,  1294. 
Admittance,  symbol  of,  8. 
Admixture  of  copper,  effect  of,  144. 
Advance  wire,  properties  of,  202, 207. 
Aerial  circuits,  chargins  current  per 
1000  feet  of  A.C.,  263-258. 
lines,  res.  of,  61. 
telephone  eables,  188. 

capacity  of,  1085. 
wires,  capacity  per  1000  feet  of, 
table  ol,  252. 

location  of  croeses  in,  827. 
Ageing  of  iron  and  steel,  466. 
at  transformers,  guarantee  against 

serious,  498. 
tests,  curves  of,  453. 
A.  I.  E.  E.,  copper  wire  tebles  of, 

146. 
Aii^blast  transformers,  449. 
dielectric  strength  of,  233. 
-gap  ampere  turns.  367. 
break  down,  1056. 


Air-gap,  discussion  ci,  36S. 
flux,  366. 
pumps,  1445. 
resistance,  effect  ot  moving  body 

on,  650. 
space  in  grates,  1329. 
spec.  ind.  cap.  of,  36. 
Akrm,  fire,  U.  S.  Navy,  1210. 
Alcohol,  spec  ind.  cap.  of,  37. 
All-day  efficiency  of  transformerst 

454. 
Alloys  of  copper,  conductivity  at, 
teble  of,  910. 
of  copper,  teble  of,  144. 
phys.  and  elec.  prop,  of,  teble  of, 
134-140. 
Alternating  circuite,  power  in,  meas. 
of,  69. 
current  ammeters,  use  of,  945. 
arc  circuiU,  reaotence  coil  for, 

466. 
arc  lamps,  568. 
armatures,  410. 

circuit  breakers,  design  of,  952. 
circuits,      protection      against 
abnormal  potentials  on,  981. 
circuits,  prop,  of,  259. 
definition  of,  501. 
distribution,  pressure  for,  261. 
electrolysis,  860. 
electromagnets,  127. 
flow,  formula  for,  1219. 
lines,  table  for  calc.  279. 
meas.  of,  26,  42. 
motor  equipmente,  weii^t  ci, 

719. 
motors,  421.' 
potential  regulators,  467. 
power  curves,  70. 
railway    motor    characteristic,^ 

713. 
system,  707. 
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Altematins  current  railway  trolleys, 
640. 
,  mesa,  self-induotion  with,  66. 
single-phase  sub-station,  views 

of,  943. 
switohboard  iMtnels,  012. 
voltage  and  eurrent  in  tenns  of 

D.C.,  438. 
wiring  examples,  272. 
Altematora,  parallel  running  of,  410. 
regulation  tests  of,  382. 
regulaton  for,  400. 
revolving  field  type,  400. 
armature  reaction  of,  414. 
oonneoted  in  multiple,  420. 
definition  of,  502. 
E.M.F.  of.  404. 
Aluminum  and   oopiier  compared , 
195. 
alloys,  spec,  gravity  of,  1514. 
bar  data,  911. 
eonductors,  oalo.  of,  277. 
fusing  e£Feot  of  current  on,  217. 
phys.  and  elee.  prop,  of,  134. 
production  of,  1238. 
spec.  res.  of,  132. 
temperature  ooef.  of,  133. 
wire,  oost  of,  195. 
deflection  in  feet  of,  226. 
for  high  tension  lines,  199. 
limit  of  sag  for,  225. 
properties  of,  104. 
reactance  factors  for,  266. 
skin  effect  factor  for,  238. 
stranded,  dimensions  <rf,  197. 
table  of  resistance  of.  196,  198. 
weather-proof,  197. 
Alundum  furnace,  1245. 
Amalgamating  sine,  14. 
Am.  Inst,  of  Elee.  Eng.,  rules  of,  800a. 

copper  wire  tables  of,  146. 
Ammeters,  A.  C.  type,  use  of,  945. 
and  voltmeters,  meas.  res.  with,  78. 
Bristol  recording,  1036. 
description  of,  41. 
differential,  use  of,  903. 
jacks  for,  922. 
scales  of,  figuring  of,  046. 
shunts  for,  41. 
eoftiron,  41. 


Ammunition   hoist,   electrie,    1147, 

1191. 
Ampere,  definition  <^,  5. 
-hour  meter,  BhallenberBer.  1028. 
international,  def.  of,  9. 
measurement  of,  10. 
specification  for  determining.  10. 
value  of,  8. 

-turns  for  armature  teeth.  367. 
in  field  magnets,  366. 
of  A.C.  armatures,  414. 
of  air-gap,  360. 

of  electromagnets,  table  of,  114. 
of  plunger  sdeaoids,  table  of. 
128. 
Analyses  of  boiler  feed  wateiB,  1366. 
of  coals,  1352. 
of  coke,  1353. 
of  gaseous  fuels,  1357. 
Anchorage  of  trolley  wires,  637. 
Anchored    lamps,    navy   apee.  for, 

1173. 
Angle  of  lag  in  three-phase  oireuits, 

406. 
Angular  distance  between  brushes, 
table  of,  344. 
velocity,  3,  1505. 
Anilin,  spec.  ind.  cap.  of,  37. 
Animal  oils,  1497. 
Annealing  of  armor  plate,  eleetricb 

1274. 
Annual  expenses  of  telephone  cables, 

1087. 
Annunciator  wiring.  204. 
Anode,  definition  of,  1220. 

impurities,  effect  of,  1237. 
Answering  jacks,  1001. 
Antenna,  1057. 

Anthony  bridge,  diagraai  of.  31. 
Anthracite,  properties  of,  1851. 

sising  tests  of,  1354. 
Anti-cathode,  use  of,  1248. 
Anti-eoherara,  1066. 
Antimony,  phys.  and  elee.  prop,  oi 

134. 
.   spec.  res.  of,  132. 

temperature  coef.  of,  133. 
Anylene,  spec.  ind.  cap.  of.  37. 
Apothecaries'  measure,  1600. 
Apparent  povrer,  def.  of,  50  i 
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Anehid  oil,  spec.  ind.  oap.  of,  37. 
Arc,    diemioal    effeol    of    eleotric, 
1232. 
drouita,  leactanoe  ooil  for  A.  C, 

WO. 

dynamo,  effioienoy  curves  of.  338. 

ext.  eharacteristio  curve  of,  337. 

permeability  curve  of,  838. 
lamps,  candle-power  of,  679. 

claasification  of,  568. 

regulation  in,  576. 

trimming  of,  583. 
lil^t  carbons,  tests  of,  677. 

circuits,  ins.  res.  of,  81. 

efficiency,  580. 

installations,  table  of,  698. 
rectifien,  G.E.  mercury  type,  480. 
station  lightning  arrester,  986. 
BwitohboardB,  922. 
t3rpe  furnace,  1244. 
Ardois  signal  system,  1181. 
Armature  eoils,  allowable  number  of 

turns  for,  374. 
coils,  placing  of,  358. 

trial  slots  for,  373. 

values  for  numt>er  of,  373. 

wire  for,  372. 
conductors,  carrying  cap.  of,  376. 

drag  on,  351. 

sixe  of,  data  on,  358. 
commutation,  364. 
cores,  data  on,  367. 

dislcs  for,  356. 

energy  dissipation  in,  107. 

hysteresis  in,  341. 

magnetic  density  of,  367. 
faults,  tests  for,  402. 
ground,  test  for,  402. 
losses,  formula  for,  358. 
reaction,  350. 

data  on,  364. 

in  alternators,  414. 
resistance  loss,  meas.  of,  509. 

meas.  of,  79,  401. 
shafts,  341. 
slote,  design  of,  357. 

siies  of,  372. 
teeth,  ampere  turns  for,  367. 
teeth,  design  of,  357. 
winding,  342. 


Armature  ooOs,  constants,  376. 

for  converters,  441. 
Armatures,  disk  type,  341. 
drum  type,  341. 
heating  of,  349. 
of  alternators,  408. 
copper  Ices  in,  407. 
winding  of,  410. 
ring  type,  341. 

slotted  or  toothed  tsrpe,  341. 
temperature  rise  in,  358. 
ventilation  of,  350. 
Armored  submarine  cables,  189. 
Armor  plate,  annealing  of,  electric, 

1274. 
Army,  U.  S.,  use  of  eleo.  in,  1123.    • 
Artificial     light     needed     in     each 

month,  606. 
Ash  in  American  coals,  1350. 
A.S.M.E.  boiler  test  rules.  1384. 
direct  connected  sets,  standards 
of,  1435. 
Astatic  galvanometer,  Kelvin  type. 
23. 
needle  system,  23. 
Atkinson  repeater,  1048. 
Atmospheric  discharges,  1278. 
electricity,  effect  on  transformers 
of,  449. 
Auto-ooherers,  1066. 
Automatic  block  signalling,  622. 
booster,  use  of,  892. 
exchange  sjrstems,  1 106. 
telephone  system,  1122. 
Automobile  batteries,  1227. 
electrolyte  for,  877. 
electric,  1224. 
motors,  1227. 
power  required  by,  1224. 
Auto-starter,  connections  of,  964 
-transformer,  def .  of,  503. 
railway  control,  767. 

use  of,  429. 
Auxiliary  armature  coils,  351. 
bus  bats,  935. 
control  system,  767. 
D.C.  circuits,  939. 
power,  867. 
relajrs,  956. 
trunk  signals,  1096. 
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Averace  dynamo  «ffldeQei«,  table 
•      d.  377. 

Ayoirdupoii  moaaure.  1500. 
Axle  weldinc.  electric,  1272 
Ayrton  and  Mather  shunt,  20. 
and  Ferry  seoohmmeter,  flO. 
and     Perry    standard     of     self- 

Induotion,  66. 
and  Sumpner  method,  A.C.  power 

by.  71. 
and  Sumpner  test  of  traneformera, 

496. 
method,   location    of    oroaBes   In 
cables  by,  327. 

Back  waHl  lead  of  motor  bruehes, 

353. 
Balance  coil  for  three-wire  ssmtem 
generator,  355. 
Kelvin  electric,  43. 
method,  determ.  magn.  values  by, 
91. 
Balanced  three-phase  circuit,  energy 
in,  406. 
three-phase  system,  78. 
Balancing  circuits  by  transposition, 
285. 
magnetic  drouits  in  dynamos,  349. 
resistance  for  arc  lamps,  581. 
transformers  for  three- wire  seoond- 
aries,  472. 
Baldwin  Locomotive  Works,  power 

tests  at.  1517. 
Ballistic  galvanometer,  25. 
method,  deteim.  magn.  values  by, 
91. 
B.  A.  Ohm.  value  of,  131. 
Bare  wires,   canying  capacity  ci, 

208. 
Barie,  value  of,  7. 

Bam  test  for  motor  efficiency,  803. 
Bcuometric  correction,  519. 
Barrel  armature  winding  constants, 

376. 
Bars,  commutator,  number  of.  361. 
Baths  for  plating.  1238. 
Batteries,  automobile  storage,  1227. 
dry,  desor.  of,  18. 
E.II.F.  of,  meas.  of,  62.  74. 
G.M.F..  comparison  of,  76. 


given    di» 


Batteries,  grouping  of ,  10. 
ins.  res.  of,  meaa.  of,  87. 
primary,  action  of,  14. 
reaiataaoe  of,  60. 
Battery    capacity    for 

charge,  900. 
charging  with  arc  raotifii 
chloride  of  ailver  type,  16. 
equipment,  inatallation  of,  887. 
platea,  appearance  of,  874. 

buckling  of,  881. 

cadmium  test  of,  878. 

dimensions  of,  883. 

types  of,  874. 
system,  three-wire,  899. 
transmitters,  1071. 
troubles,  881. 
while  woridng,  res.  of,  61. 
Battle  order  indicators,  U.  8.  Navy, 

1202. 
service,  navy,  1153. 
Beams  and  diannels,  Trentoo,  saia 
loads  on,  1313. 

spacing  of,  1315. 
bending  moment  of,  1308. 
breaking  load  on,  1309. 
coefficient    changes    for    speeisi 

forms  of,  1311. 
coeffidentsfor  special  eases  of.lSll. 
deck,  1314. 
deflection  of.  1309. 
flexure  of,  1306. 
general  formuln  for,  1309. 
max.  moment  of  atreas  of.  ISK. 
modulus  of  rupture  of.  ISQft. 
of   uniform    cross  section,  trar^ 

str.  on,  1309. 
of  uniform  strength.  1312. 
resisting  moment  of,  1308. 
safe  load  on  steel.  1310. 

on  southern  pine,  1320. 

on  wood,  1318. 
spacing  of,  for  various  loads,  I«*5w 
strength  of  white  pine.  1319. 
transverse  strsngth  of,  1308. 
Bearing  friction  In  djfnamos,  386- 

friotlon,  meas.  of,  609. 
Bearin^i,  meter,  1009. 
Bell  telephone  receiver.  1O70. 
BeU  wiring,  298. 
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BttOs  for  oable  rnds,  dee.  of.  383. 

U.  8.  Navy.  spee.  for.  1211. 
Belting,  leather.  1487. 

hon»'power  of  double.  1489. 
of  leather,  1489. 
ol  ainsle.  1489. 

strength  of  leather,  1487. 
Belt»  length  in  roll.  1480. 

length  of.  1489. 

-off  test  of  motor,  396. 

-on  test  of  motor,  896. 

slip  of,  1493. 

•  eight  of  leather.  1489. 

width  for  given  h.  p..  1488. 
Bending  moment  ol  beams,  1308. 
Bends,  pipe,  dimensions  of,  1431. 
Bensene,  spec.  ind.  cap.  of,  37,  227. 
Bemardos  system  of  welding,  1274. 
Besnmer  steel,  phys.  and  eleo.  prop. 

of,  135. 
Biased  bells,  use  of.  1103. 
Bipolar  dynamos,  armature  wind- 
ings for,  345. 
Birmingham  wire  gauge,  141. 
Bismuth,  phys.  and  eleo.  prop,  of, 
135. 

speo.  res.  of,  182. 

temperature  ooef .  of,  133. 
Bituminous  ooal,  propolies  of.  1351. 
Blacksmith  shop  machinery,  power 
to  run,  1519. 

tools,  power  required  for,  1522. 
Blake  transmitterB,  1072. 
Bleaching  process.  1244. 
Bloek  signalling,  automatic,  622. 

system,  distributed  signal,  627. 

Blondel  oscillograph,  des.  of,  i'>-54 

Blowers,  effect  of  temperature  of 

air  on  load  of.  1346. 

for  forced  draught,  1344. 

Boaitl  ol  Trade,  boiler  rules  of.  1332. 

regulations,  781. 
Boat  cranes,  navy  spec.  for.  1194. 
Bodies  of  cars,  weight  of,  734. 
Body  of  car,  preparation  of.  746. 
Boiler  feed  water,  1362. 

purification  by  boiling  of.  1865. 

flues,  collapsing  pressure  of,  1429. 

head  stays,  1888. 

Diate.  ductility  of.  1388. 


Boiler  rules,  U.  8.  etatutes,  1332. 
aettingi,  1334. 
dimensions  of,  1386. 
shell,  strength  of  rireted,  1330. 
shop  machinery,  power  to  run, 

1519. 
strength   of  riveted  shells  of, 

1330. 
test  codes.  1384-1392. 
tests,  AJB.M.E.  code.  1384. 
tools,     power    required      for, 

1522. 
tubes,  charcoal  iron,  siaes  of, 
1428. 
collapsing  prenure  of,  1429 
Boilers,  steam,  1327. 
heating  surface  of.  1328. 
horsfr'power  of.  1327. 
points  in  selecting.  1327. 
safe  working  pressure  for,  1330. 
types  of,  1327. 
working  preeeure  of,  1330. 
Boker  A  Go.'s  wire,  propertiee  of, 

202. 
Bolt   and    nut    machinery,    power 

required  for,  1522. 
Bolts,  strength  of,  1431. 
Bonded  joints  and  rails,  rel.  value 
of,  780. 
rails,  electrolytic  action  on,  856. 
Bonding  car  tracks,  771. 
condition  of  track.  800. 
third  rail.  778. 
Bonds,  efficiency  of,  781. 
requirements  for,  775. 
resistance  of.  776. 
testing  rail,  801. 
tests  of.  778. 
typee  of,  772. 
Booeter  calculations  for  railways. 
810. 
characteristics  of.  813. 
comparison,  807. 
controlling  disohanee  by,  880. 
D.C.  tsrpe,  435. 
definition  of .  50  • 
diagram,  810. 
for  street  railwasrs,  807. 
shunt  and   automatic   types  of, 
802. 
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BooBtor  system,   constant    current, 
diagram  of.  901. 

temperature  rise  in,  814. 
Boring  machines,    power   required 

by.  1520. 
Boston  EdisQp  Co.,  conduit  oonstr., 

outs  of.  aOI^-313. 
Bouleng^  clironograpli,  1128. 
Box  poles,  632. 
Braces,  boiler  bead,  1334. 

diagonal,  1384. 

direct.  1334. 
Bracket  conatruotion,  644. 
Brackets  for  trolley  lines,  635. 
Brake  controllers,  list  of,  765. 
Brakes  failing  to  operate,  805. 
Braking  of  ears,  emergency,  731. 
Branch  terminal  telephone  system. 

1093. 
Branding  irons,  electric,  1270. 
Brass,  rolled,  composition  of,  1323. 

weight  of  sheet  and  bar,  1323. 
Bracing  by  Voltex  process,  1274. 
Break-down  point  test  of  synchron- 
ous motors,  399. 

-down  tests  for  high  voltages,  233. 

in  armature  lead,  test  for,  402. 
Breaking  load  of  beams,  1309. 
Breaks  in  cables,  location  of,  327. 
Breast  water>wheels,  1476. 
Brick  chimneys,  cost  of,  1343 

foundations,  1292. 

manholes,  cost  of,  303. 

stone,  mortars,  crushing  load  of, 
1322. 

work,  1321. 
Bricks,  number  in  wall,  1821. 

sixes  of,  1321. 

weight  and  bulk  of,  1322. 
Bridge,  Oarey-Foster,  58. 

connection,  multiple  unit  system, 
766. 

for  supporting  trolley,  648. 

method,  meas.  cap.  by,  64. 
meas.  mutual  ind.  by.  68. 

slide-wire,  68. 

Wheatstone,  31. 
Bridging  party  lines,  1111. 

telephone  system.  1076,  1003. 
Brill  cars,  dimensions  of.  737. 


Brilliancy,  intensity  of.  509. 
Bristol  recording  meters,  108^ 
British  standard  candle.  680. 

thennal  unit,  3,  1511. 
Brooklyn  bridge,  dectrolytie 

on,  868. 
Brooks  Potentiometer,  40. 
Blown  ft  Sharpe  wire  saoge,  141. 

wire  gauge,  law  of,  142. 
Brown  rail  bond  tester,  802. 
Brush  contact,  friction  of,  362. 
resistance  k)ss,  meas.  of,  509. 
discharge  from  wires,  236. 
faces,  area  <^,  361. 
drop  in  volts  at,  362. 
kisses  at.  362. 
friction,  384. 

meas.  of ,  60  • 

machine,  ext. 

of.  337. 

Brushes,    angular    dist.     beti 

table  of,  344. 

armature,  351. 

carbon  and  copper,  res.  of.  302.  • 
current  densitieB  for  materiali  for, 

442. 
forward  lead  of,  350. 
motor,  position  of,  353. 
B.T.U.,  gas  and  elec.,  ratio  betwesn, 

1261. 
Bucking  of  cars,  806. 
Buckling  of  battery  plates.  881. 
Buildings,  design  of  power  statioa. 
866. 
electrolysis  in  steel  f  nme,  850. 
Bunsen  cell.  14. 

photometer,  636. 
Buzglar  alann  mats,  wiring  of,  S95l 
Burnley  dry  cell,  18. 
Burton  electric  forge,  1274. 
Bus  bars,  arrangement  of, 
copper  for,  910. 
data  on,  911. 
design  of,  033. 
high-tension  station,  988. 
structure  of,  935. 
Bushel.  1499. 
Busy  test,  1091. 
Button  transmitters,  1074. 
Busser>  field.  1140 
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Oa1»tac»t  shop,  power  required  tor, 

1520 
Cable  coDoeetorB,  Seeley's  type,  190. 
ends,  beiis  for,  333. 

insulatiog,  322. 
flexible  dynamo,  table  of,  172. 
heads,  320. 

joiota.  Danert  type,  191. 
loss  of  power  in  lead  ^etith  of, 

203. 
machinery,  depreciation  of,  770. 
three  cond.  white  core  ins.,  table 

of,  170 
Cables,  break-<lown  of  Insulation  of, 

980. 
breaks  in,  location  of,  327. 
capacity  of  lead  sheathed,  251. 
conductivity  of,  meas.  of,  330. 
current  carrying  capacity  of,  208. 
dielectric  tests  of.  332. 
distributing.  1083. 
drawing  in  underground,  319. 
faults  in.  location  of.  328. 
for  car  wiring,  prop,  of,  173. 
high-tension,  insulation  of.  939. 
G.  £.  rubber  ins.,  tables  of.   164- 

172. 
gutta-percha  insulated,  232. 
in  ducts,  heating  of,  210. 
ins.  res.  of,  tests  of,  321. 
joints  in  paper  insulated,  191. 
lead  covered,  carrying  cap.  of,  213. 
locating  crosses  in,  327. 
paper  and  lead  cov.,   tables  of, 

174-178. 
paper    insulated,    properties    of, 

1083. 
rubber  covered,  161. 
rubber  insulated,  carrying  cap.  of, 

210. 
rubber  insulated,  joints  in,  190. 
submarine.  180. 

testing  of.  331. 
telegraph.  189. 
telephone.  188,  1082. 

capacity  of,  1085. 

expenses  of,  1087. 

siseof.  1086. 
testing  cap.  of.  325. 

joints  of.  328. 


Cables,  three-phase,  power  carrying 
cap.  of.  216 
twisted  pair.  10S2. 
types  of  underground.  320. 
underground  and  submarine,  tests 

of.  321. 
varnbhed  cambric  ins.,  tables  of. 

178a-187a. 
varnished    cambric    ins ,     triple 

cond..  185. 
watts  lost  in.  210. 
Cadmium  cell.  Weston.  19. 
phys.  and  elec.  prop,  of,  135. 
test  of  battery  plates.  878. 
Calcium    carbide,    production    of. 

1245. 
Calospar,  spec.  ind.  cap.  of.  86. 
Calculation  of  A.C.  lines,  279. 
of  dynamo  eflSciencles,  391. 
of  transmission  lines.  264. 
Calibrating  jacks,  941. 
Calibration  data  for  Westinghouse 
wattmeter.  1016. 
of  A.C.  instruments,  26-28. 
ot  wattmeters,  checking  c^,  1014. 
Calico   printing   machinery,   power 

to  run.  1525. 
Gall  bells,  wiring  of,  293. 

U.  S.  Navy  spec,  for,  1211. 
Calling  apparatus,  1075. 
Calorie,  3. 1511. 

Calorimeter,  directions  for  use  erf. 
1395. 
separating,  1398. 
throttling.  1394. 
diagram  of,  1399. 
Cambric  ins.  cables,  D.C.,  tables  of, 

178a- 187a. 
Canals,  oonstr.  of,  868. 
Candle^oot,  525. 

-hours,  variation  In,  546. 
•meter,  525. 
Candle-power,  meas.  of,  584. 
Navy  spec,  for,  1171. 
of  arc  lamps.  579. 
of  coal  gas,  1450. 
of  lamps.  544. 
of  searchlights,  1127. 
standard  of ,  52  . 
Candy  manufacture,  elec.  in,  1270. 
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Canninc  industry,  eleetrio  beat  in, 

1270. 
Caoutehouo,  spee.  ind.  cap.  af,  36. 
Capaoitanoe  of  transmiaBJon  drouita, 

249. 
Oapaolty  and  induotanoe,  neatrali- 

ution  of,  292. 
oarves  of  railway  motors,  676. 
definition  of,  6. 
distorting  effect  of,  1079. 
effect  of  line,  264. 
electrostatic,  measurement  of.  40. 
Gott  method,  326 
Kelvin  method.  820. 
loss  of  storace  batteries,  881. 
measurement  of,  63. 
meas.  eoef .  of  Induetion  by,  66. 
measures  of,  1499. 
of  A.C.  circuits,  260. 

effect  of,  1216. 
of  battery  for  given  discharge.  900. 
of  cables,  dlreot  disohaxge  method, 
825 

Qott's  method.  826. 

meas.  of,  324. 

Thomson's  method,  825. 
of  gases,  spec,  inductive,  85. 
of  liquids,  spec.  ind..  table  of.  37. 
of  railway  motors,  678. 
of  solids,  spec,  ind.,  table  of.  36, 

87. 
of  storage  batteries,  874,  883. 
of  telephone  cables,  1085. 
of  transformers,  <dioioe  of,  458. 

table  of,  498. 
of  transmission  circuits,  248. 
of  various  overhead  transmission 

lines,  260. 
per  1000  feet  of  aerial  wires,  table 

of,  262. 
reactanoa,  200. 
reactance  of  transmission  eirauits, 

248. 
spec.  ind..  measurement  of.  38. 
Busceptance  of  transmission  cir- 
cuits, 240. 
susoeptanee,  table  of,  209. 
symbol  of,  8. 
tests  for  locating  breaks  in  cables, 

827 


Oapaeity  tests  with  Lord  KtfvfaV 
dead-beat  voltmeter,  336. 
unit  of,  4 
Oared  lamp,  530. 
Oar  bodies,  weight  of,  734 
body,  preparation  of.  745. 
controllers,  753. 
energy  consumption  per.  652. 

input  to,  657 
equipments,  613,  752. 
heaters,  cross  seat  tsrpe,  1268. 
hints  to  purchasera  of.  1209. 
tnuB  plank  type.  1267. 
heating,  coat  of,  1266. 

electric,  770.  1265. 
lighting,  Q.  E.  railway  bjiiIsih. 

851. 
motors,  installation  of,  745. 

test  of,  892. 
tests,  interurban,  722. 
wiring,  746. 
for  heaters,  diagram  of,  1267. 
special  cables  for.  prop,  of,  ITS. 
Westini^ouse       railway       systan. 

846. 
Oarbide  furnace.  King,  1345. 
Carbon  brushes,  current  dcosity  for, 
442. 
res.  of,  862. 
use  of,  351 
Oarbon  dioxide,  spee.  ind.  cap.  of,  85. 
disulphlde,  spec.  ind.  cap.  of,  35. 
dust,  578. 

eflteet  on  steel  of,  826. 
monoxide,  spee   ind.  cap.  of,  35. 
spec.  res.  of,  132. 
Carbons   for   endoeed    arc    lampi, 
578. 
for  search  lights.  579. 1125. 
resistance  of,  677. 
daes  of,  578. 
test  of  arc  light,  577. 
Carborundum,  production  of.  1245. 
Care  of  storage  batteries,  1228. 
Carey-Foster  method,  meas.  rts.  by. 

58. 
Quhart-Olark  eeB.  des.  of,  19. 
Oaipenter^    hrottUng  calorimilar 
1895. 
ourvsa,  189^> 
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Obrpentor's  throttlinc  Galorimeter, 

directions  for  uae,  1306. 
Oarrying  oapaeity  of  aniutture  con- 
duoton,  375. 

of  fuaes,  1275. 

sahr.  iron  wire.  34. 

of  lead  covered  cables,  213. 

of  rubber  ins.  cables,  210. 

of  ifire8.20& 
OaiB,  buddns  of.  806. 

depredation  of,  770. 

dimensions  of  eleotcio,  table  of, 
732. 

emergency  braking  of,  731. 

energy  required  for,  679. 

Ugbting  of,  806. 

power  required  for,  666. 

speed  and  energy  curves  for,  680. 
Oartridge  fuses,  1276. 
CtLTty  bridging  bell,  1102. 
Cascade,  cap.  of  condensers  in,  324.' 
Oast  iron  magnet  shoes,  352. 

permeability  of,  80. 

phya.  and  dec.  prop,  of,  137. 

test  of.  1294. 

water  main,  electrolytic  action  on, 
854. 
Oastner  metallic  sodium  cell,  1242. 

process,  caustic  soda  by,  1240. 
Gaetor  oil,  spec.  ind.  cap.  of,  37. 
Oast  steel,  permeability  of,  89. 

rope,  wire,  1325. 
Catenary  trolley,  bridge  for,  648. 

construction,  639. 

material  for,  643. 
Cathode,  definition  of,  1229. 

rays,  theory  of.  1248. 
Oaustic  soda,  production  of,  1239. 
Cell,  Burnley  type,  18. 

Oarhart-Ol&rk  type,  19. 

ohloride  of  silver  type,  16. 

Edison-Lalande,  des.  of,  17. 

Filler,  description  of,  16. 

Qasner  type.  18 

grouping,  efficiency  of,  21. 

LeelanolkS,  des.  of,  16. 

standard,  construction  of,  11. 
deecription  of,  19. 
spec,  for,  10. 

Weeton  cadmium  type,  19. 


Osila,  Oark  tsnpe.  19. 
elosed  circuit,  table  of.  14. 
grouping  of,  19. 
apan  dnuat,  15. 
Celluvert,  spec.  ind.  cap.  of,  36. 
Cement,  adhesion  to  bricks  of,  1294. 
and  sand,  fineness  of,  1294. 
crushing  load  of,  1322. 
hjrdraulic,  strength  of,  1294. 
mortar,  1298. 
Portland,  strength  of,  1294. 

wt.  of.  1293. 
Rosendale,  wt.  of,  1203. 
strength  of  neat,  1294. 
Centering  of  armature,  403. 
Center  of   gravity   of   distrilmtkMi 
system,  277. 
pole  line  construction,  681. 
Centi-ampere  meter,   balance  used 

as,  43. 
Centigrade    vs.    Fahrenhdt    scale, 

1608.  ^ 

Centimeter,  definition  of,  2. 
Central  battery  system,  1096. 
energy  system,  1096. 
office  apparatus,  1104. 
offices,  adv.  of  one  vs.  several, 

1094. 
R.R.  of  N  J.  shops,  power  to  run 

tools  in,  1520. 
station  battery  connections,  899. 
dectrically     operated    switch- 

boaid,  928. 
lightning  arresters  in,  983. 
switchboard  panels,  907. 
three  wire  battery  system,  908. 
vs.  isolated  plant,  1286. 
tdephone  office,  1069. 
Centrifugal  tendon  In  Manila  n^es^ 

1491. 
C.QJB.  units,  2. 
names  of,  6. 
Chain,  1496. 
coil,  1496. 
proof,  1496. 
short  link.  1496. 
weight  of,  1496. 
Characteristic    curve,    external 
dynamo,  337. 
of  dynamo,  plotting  of,  382. 
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Charaoteristio  curve  of  N.YX7.  ]oeo- 
motive,  742. 
of  railway  motor.  064. 
curves     of     over-oompoimded 

dynamo,  340. 
of  aolenoidfl,  129. 
Charaoteristioe    of    electromagnets, 
129. 
of  G.E.  single-phaee  motor,  718. 
of  railway  booster,  813. 
of  railway  motors,  686. 
of  transformers,  483. 
of   two-path  annature   winding, 

348. 
of  Westtnghouse  single-phase 
motor,  716. 
CSiarooal  rope,  wire,  1325. 
Charge  eurves,  storage  battery,  876. 
at  storage  battery,  loss  of,  884. 
rate  for  batteries,  883. 
Charging  batteries,  482. 

batteries,  connections  for,  800. 
current  of  line  wave,  249. 

per  1000  feet  of  aerial  circuit, 
253. 
of  storage  batteries,  880. 
Chart  for  calculating  A.C.  lines,  282. 
of  parabolic  curves  in  wire  spans, 
218. 
Chase^hawmut  fuse  wire,  1275 
Chatterton's    compound,    spedfioa- 

tions  for,  194. 
Checking  preliminary  dynamo  di- 
mensions, 863. 
wattmeters,  72. 
Chemical  action  in  cells,  14. 
equivalent  of  elements,  1230. 
properties  of  rubber,  229. 
qualities  of  steel  for  third  rail,  822. 
Chimney  construction,  1339. 

weight  for  burning  fl^ven  amounts 

of  coal,  1342. 
protection,  1281. 
rate  of  combustion  due  to  hei^t 

of,  1342 
tables,  1338. 
Chinmeys.  1338. , 
dimensions  and  cost  of,  1343. 
draught  power  of,  1338. 
lion,  dimensions  and  cost  of,  1344. 


Chimneys,  necenaiy  hilglit  cf.  Mtt 
radial  brick,  1341. 
and  bond.  184a 
sise  of,  1838. 

steel,  foundations  for,  1343. 
lining  for,  1343. 
plate,  1348. 
Chloride  of  silver  cell,  16. 
Chlorine  in  electrolyte,  test  for,  878 
Choke  coils,  mountingof,  084. 
S.K.C.  arrester,  001. 
use  of,  004. 
Choking  effect  of  inductance,  1070. 
Chord  of  polar  arc,  values  of,  371. 
of  pole  face,  dimensions  of.  368. 
Chrome-bronie,  phys.  and  elee.  prap 
of,  136. 
-steel,  phys.  and  dec.  prop,  of,  US. 
Chronographs,  types  of,  1128. 
Chronoeoope,  Sdiults,  1180. 
Oireuit  breaker,  def .  of,  52 
design,  052. 
Westinghouseofl,  000. 
Circuit  breaken,  eapaeity  of,  066. 
for  booster  proteption,  052. 
for  motora,  eapadty  of,  055. 
for  protection  of  transmisaMa 

fine,  051, 
for  railways,  use  of,  780. 
for  storage  battery  proteetfon. 

052. 
grouping  of,  020. 
leads  for,  075. 
mounting  of,  012. 
oil,  arrangement  of,  035. 
polyphase  motors  proteeted  by, 

054. 
rating  of,  60  ,012. 
spedfications  for,  047 
table  of,  040. 
Circuit  doser,  torpedo,  1130. 
trunks,  operation  of.  1005. 
Circuits  in  buiidingB,  ins.  res.  of,  86. 
laws  of  deetrical,  55 
multiple,  res.  of,  55 
testing  drop  in  railway,  804. 
tests  of  street  railway,  706. 
Circulating  pumps,  1445. 
Cities,  deetrical  distrkbutlon  in,  261. 
mill  power  in  varioos,  1462. 
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GUrk  cell.  dcMription  of,  19. 
E.M.F  of.  5. 
method,  oomparison  of  E.M.F.  by, 
77. 
testing  Joints  of  cables  by,  323. 
Qay  conduits,  constr.  of,  301. 

foundations  on,  1290. 
dearing-out  drops  1090. 
Closed  eara,  weight  of,  784. 
drcuit  cells,  table  of,  14. 
Coal,  Ammoan,  heating  value  of, 
1350 
and   electric   heating   compared, 

1265. 
anthracite,  sising  tests  of,  1354. 
approximate  analysis  of,  1352. 
consumed  by  isolated  plant,  1286. 
gas,  analysis  of,  1510. 
oandle  power  of,  1450. 
spec  ind.  cap.  of,  35. 
heating  value  of,  1349. 
power,  data  on,  869. 
space  to  store,  1353. 
value  of  in  wei^^t  of  woods,  1349. 
weight  per  cubic  foot  <tf,  1353. 
06al8,  r^tive  value    and    how  to 

bum,  1355. 
Coast-defense   board,    recomm.   of, 
1123. 
guns,  manipulation  of,  1134. 
CSoasting,  formula  for,  668. 

line,  location  of,  668. 
Ooooa  and   coffee  drsrers,   electric, 

1270. 
Gbdes,  telegraph,  1052. 
Coefficient  of  induction,  meas.  of,  65, 
of  induction,  symbol  of,  8. 
of  self-induction,  64. 
def.  of,  238. 
formula  for,  405 
of  temperature  of  metals,  133. 
OoefficientB  of  expansion  of  solids. 
1608. 
of  magnetic  eakage.  376. 
of  reflections,  593. 
Coercive  force,  def.  of,  lOS, 
Coffee  and  cocoa  diyers,  electric, 

1270. 
Coherer,  1058. 
receivers,  1064. 


Coherers,  meroury  auto,  1066. 
Coil  chain,  1496. 
slots,  design  of  armature,  358. 

trial  armature,  373. 
suxf  aoe  of  field  magnets,  352 
Coils,  armature,  placing  of,  358. 
for  transformers,  444 
heating  of,  127. 
values  for  number  of  armature, 

373. 
winding  of,  112. 
Coke,  analysis  of,  1353. 
space  required  for,  1353. 
weight  per  bushel  of,  1353. 
Collier    Sc    Sons'    factory,    heating 

devices  in,  1270. 
Columns,  comparison  of  water,  1403. 
hollow,  1305. 

cylindrical,  1306. 
pillarB  or  struts,  1300. 
solid  cast  iron,  1305. 
strength  of  white  pine,  1319. 

solid  cast  iron,  1305. 
tests  of  oast  iron,  1306. 
ultimate  strength  of,  1306. 
wrought   iron,   ult.   strength   of, 
1307. 
Colsa  oil,  spec  ind.  cap.  of,  37. 
Combinations   of    railway   motors, 

760. 
Combined  volt  and  ammetermethod, 

meas.  A.C.  power  by,  71. 
Combustibles,  properties  of,  table  of, 

1348. 
Combustion,  draught  necessary  for, 

1342 
Commercial  efficiency  curve  for  are 
dynamo.  338. 
efficiency  curve  for  motors,  370. 

of  dynamos,  def.  of,  383. 
lights,  bifming  of,  611. 
rating  of  railway  motors,  675. 
transformeni,  445. 
Committee  on  Notation,  table  by,  6. 
Common  battery  system,  1096, 1115. 
signaling  battery  system,  1115. 
trunks,  1096. 
Commutated  rotor  windings,  429. 
Commutatingmadiioes,  d^.  of,  504. 
tone,  350. 
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Commutation  in  dynamoe,  364. 
Commutator  ban,  number  of,  361. 

bruahes,  sparkinc  at,  805. 

brush  friotion,  meas.  of,  000. 

diam.  of,  361. 

riae  of  temperature  of,  362. 

segments,  number  of,  361. 

type,  D.C.  meters,  997. 
Commutators,  construction  of,  351. 
Comparative  cost  of  gas  and  eleo. 
cooking,  1260. 

expense  of  operating  transformers, 
468. 

values  of  lighting  methods,  594. 
Comparison  of  copper  and  aluminum 
wire,  195. 

of  interurban  oar  tests,  724. 
Compensated  A.C.  motor  diaraoter- 
istios.  713. 

revolving  field  alternators,  409. 
Compensation    for    power     factor, 
1002. 

method,  E.M.F.  of  batteries,  62. 
Compensator  regulators,  definitfonof, 
601 

use  of  starting,  918. 
Compensators,  construction  of,  463. 

for  induction  motors,  429. 
Composite  electric  balance,  43. 
Compound  cables,  design  of,  331. 

dynamos,  characteristic  of,  840. 
des.  of,  336. 
regulation  tests  of,  882. 

engines,  cylinder  ratios  for,  1441. 
Compressive  strength  of  woods,  1317. 
Concealed  lighting  system,  601 . 
Concentric  cable,  capacity  of,  251 . 
Concrete  foundations,  1292. 

manholes,  cost  of,  308. 

reinforced,  1292. 

sub-foundations,  1292.* 
Condensation  in  steam  pipes,  1415. 

in  steam  pipes  aboard  ship,  1415. 
Condenser  capacities,  ejector,  1446. 

current,  curve  of,  1219. 

diagr.  of  connections  of,  89. 

method,  res.  of  batteries  by,  60. 

unit,  5. 
Condensers  and  pumps,  1443. 

construction  of,  38. 


Condensen,  cooling  water  by,  1444. 
design  of,  35. 
in  cascade,  eap.  of.  324. 
in  parallel,  63. 

cap.  of,  324. 
in  series,  63. 

cap.  of,  324. 
losses  in,  meas.  of,  513. 
Condensing    engines,     number    of 

expansions  in,  1441. 
Conductance,  definition  of,  9,  55. 
of  multiple  circuits,  55. 
symbol  of,  8. 
Conducting  power  of  sulphurie  acid, 

table  of,  905. 
Conductivity,  definition  of,  0. 
Matthiessen's  stand,  of,  table  of, 

132. 
rolUlvoltmeter  meas.  of,  87. 
Northrup  method  of,  meas.,  00. 
of  cables,  meas.  of,  330. 
of  conductors,  table  of,  132. 
of  copper,  518,  910. 
of    dielectrics,    specific    thermal, 

234. 
percentage,  form,  for,  132. 
relative,  132. 
specific,  132. 
symbol  of,  8. 
Conductor  rail.  Potter  type,  830. 
Conductors,  carrying  cap.  of  arma- 
ture, 375. 
dimensions  of.  260. 
economical  tapering  of,  279. 
for  electric   imilwaye,  oveffaead, 

786. 
for   high-tension,    insulation    of. 

939. 
for  high-tension  transmission,  235. 
for  parallel  D  C.  system,  siss  of, 

284. 
for  railways,  dimensions  of,  791. 
installing,  U.  8.  Navy,  spee.  for. 

1170. 
isolation  of,  936 
per  K.  W.  dei'd.  eunree  sbowiag 

weight  of  oopper,  283. 
res.  of,  61. 

rotation  around  pole  of.  109. 
spec.  res.  of,  table  of,  132. 
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Oonduit,  Board  of  Trade  ragulations 

for,  783. 
coDfltruction,  U.  S.  Navy,  1170. 
eo8t  of  «Btimatixic  317. 

itemiaed,  316. 

totai,  307. 
def.  of.  301. 
foot,  cost  per  manhole  of,  80i. 

cost  per,  table  of,  306. 

ID  dties,  oo6t    per,    table  of, 
307 
lasrins  of.  301. 

maitiple  duet,  oonstr.  of.  301. 
New  Orleaxifl.  306. 
syetems,  heat  disBipation  in,  214. 

railway.  835. 
work,  usual  practice  of,  302. 
OonduitB,     Chicago,     underground. 

cost  of,  317. 
ooetof,  302. 
moDolJthae,  des.  of,  301 . 
multiple,  adv.  of,  301. 
sinsle  duct,  adv.  of.  301. 
Connecting  transformers  to  rotary 

converters,  476. 
Connection  of  batteries,  19. 
Connections   oi   polyphase   meters, 

checking  of.  1026. 
of  transformen,  297,  472. 
on  switchboards,  910. 
Connectors,  Seeley's  cable,  190. 
Consolidated    car    heating,    wiring 

diag.  of,  1267. 
Constant   current   booster   system, 

diagnun  of.  901. 
current   from  constant  potential 

transformers,  464. 
current  machines,  regulation  of, 

613. 
current  transformer  panels,  equip. 

of,  922. 
current  transformers,  G.  E.  type, 

464 
galvanometer,  23. 
hysteresis,  wattmeter  test  for,  102. 
potential  arc  lamp.  574. 

machines,  regulation  of,  513 
secondary    current,    transformers 

for.  462. 
Oonstantin  wire,  properties  of.  202. 


Constants  for  barrel  armature  wfaid- 
ing,  376. 

hysteretic,  table  of,  99. 

of  meters,  values  of,  1029. 
Construction  of  chimneys,  1339. 

of  manholes,  cuts  of,  309. 

power  station,  chart  of,  1289. 

tools,  electric  work,  1530. 
OoosumptioQ  of  energy  of  cars,  652: 

of  energy  of  elec.  heatera,  1265. 
Cbntact  buttons,   Westinghoose 
railway  system,  844. 

plates,  Westingfaouse  railway 
system,  841. 
Contactors,  multiple  unitaystem,  762. 
Continental  code.  1052. 
Control  of  lights  from  two  or  more 
points,  294. 

of  motors.  Ward  Leonard's  aye- 
tern,  354. 

of  water-tight  doors,  1198. 
Controller,  care  of,  747. 

combination,  760. 

for  oil  circuit  breaker,  975. 

series-parallel,  753. 
Controllers,  dimensions  of.  757. 

G.E.  railway  system,  851. 

installation  of.  746. 
Controlling  desks.  941. 

discharge,  methods  of.  888. 

panels.  Navy  spec,  for,  1185. 

pedestal,  940. 

switchboards.  940. 
Con  vectors  and  radiators.  1263. 
Converter  armature  windings,  441. 

definition  of,  508. 

panels,  three-phase  rotary,  equip, 
of,  919. 
Converters  connected  to  transform- 
ers, 477. 

rotary  type,  436. 
Conveyors,     ammunition,      U.     S. 

Navy.  1193. 
Cooking    apparatus,    electric,    effi- 
ciency of,  1260 

electric,  cost  of,  1250. 

gas  and  elec.  compared.  1260. 

record,  daily  electric,  1262. 

utensils,  electric,  cost  of  operating, 
126L 
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Oooiinf  Burfaoe  of  6eld  ooil8«  table 

of.  352. 
tower  test,  1447. 
of  transformers,  448. 
water  for  oondeosera.  1443 
Cooper-Hewitt  mercury  lamps,  568 
Cooduotiyity.  132. 

lIatthiesseD*8  Standard,  132. 
Copper,  admixture  of.  effect  of,  144. 
and  aluminum  compared,  105. 
and  brass  wire  and  plates,  weight 

of,  1324. 
bar  data.  Oil. 
ban  on  switchboards,  009. 
brushes,  current  density  for,  442. 

res.  of,  362;  use  of,  351. 
conductivity  of,  518, 010. 
electric  welding  of,  1272. 
eleotroljrtic  refining  of,  1235. 
for  A.  C.  lines,  table  for  oalc.  of, 

270. 
fusing  effect  of  current  on,  217. 
in  railway  feeders,  701. 
loss  in  alternator  armatures.  407. 

in  transformers,  445. 

in  transformers,  meas.  of,  487. 

in  transformers,  Sumpner's  test 
of.  407. 

in  transformers,  table  of,  408. 
melting  point  of.  143. 
phys.  and  elee.  prop,  of,  135. 
plating.  1283. 

rsi.  of  cables,  meas.  of,  830. 
rise  Ih  resistanoe  of,  370. 
spec.  res.  of,  132. 
strands,  stand,  prop,  of,  table  of, 

150. 
temp,  coefficient  of,  188,  52  . 
weight  of.  143. 

of  round  bolt,  1323. 
wire  and  plates,  1324. 

fuses  for  railway  circuits,  731. 

Matthiessen*s  form,  for,  133. 

phys.  const,  of,  143. 

res.  of.  table  of.  148. 

aUn  effect  Ikctor  for,  238. 

•olid,  0.  E.  Co.,  prop,  of,  table 
of,  162. 

■oUd.  table  of,  154. 

stranded,  table  of,  155. 


Copper  wire  tables,  A.I.E£  .  146u 
tables,  explan.  of,  145 
tensile  strength  of,  156. 
weight  of,  English  system,  tafals 

of,  157. 
weight  of,  metric  system,  table 
of,  158. 
Core  disks  for  armatures,  356. 
insulation,  armature,  341. 
loeses,  08. 

in  armature,  360. 

In  transformera,  445. 

in   transformers,    comparative, 

455. 
in  transformers,  curves  of,  454. 

456. 
in  transformers,  meas.  of,  485. 
in  transformers,  table  of,  408. 
loss  test,  383. 
of  stator  and  Totor,  425. 
of  submarine  cables,  design  of,  331 . 
oi  three-phase  tranaformera.  470. 
type  transformers,  coils  for,  444. 
Cores,  cross-section  of,  365. 
field  magnet,  general  data  on,  352. 
magnetic  densities  for  transfonner, 

447. 
oi  armatures,  data  on,  357. 
of  American  transformers,  types 
of,  443. 
Corey  tdephone  sswtam,  U.  3.  Navy, 

1200. 
Com  plaster  transmitteia,  1074. 
Cos  a,  values  of,  278. 
Cost  of  aluminum  wire,  105. 
of  conduit,  302. 
estimating,  table  of,  317. 
itemised  table  of,  316. 
total,  307. 
of  cooking  daily  meal  by  elee., 

weekly  record,  1262. 
of  duct  material  in  place,  table  of, 

307. 
of  electric  oar  heating,  1266. 
of  5^  X  5'  X  r  manhole,  816. 
of   heating  water  by  eleetridty, 

1250. 
of  incandescent  lamps,  556. 
of  manhole,  estimating,  table  of. 
817. 
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Oost  of  numholM,  table  of  ,  802. 
of  one  mile  of  troUey  system,  629. 
of     operatinc     eleetrio     oookiog 
utaosik,  1250.  1261. 
eleetrio  elevaton,  1628. 
elee.  heaten,  1265. 
elee.  irons,  1263. 
lamps,  554. 
of  paving  per  sq.  3^.,  305 
of  power,  curves  for  reducing,  868. 
of  protected  third  rail,  835. 
of  sewer  oonneetions,  303. 
of  street  excavation  per  conduit 

foot,  306. 
of  telephone  plant,  1108. 
of  tools  and  supplies  for  installing 

electric  work,  1531. 
per  conduit  foot  for  manhole,  304. 
per  conduit  ft.  in  cities,  table  of, 

307 
per  conduit  foot,  table  of,  306. 
Costs,  comparative,   gas  and   elec. 

cooldng,  1260. 
Ootton  covered  wires,  linear  space 
occupied  by,  tables  of,  121-126. 
covered  wire,  dlam.  of,  163a. 
machinery,  power  to  drive,  1524. 
Cbulomb,  definition  of,  5. 
international,  def .  of,  9. 
value  of,  8. 
Counter  celh,  use  of,  891. 
e.mi.  celh,  use  of,  801. 
ejni.  in  motor  armatures«  853. 
torque,  meas.  of,  306. 
Cove-lighting,  502. 
Cover  for  service  boxes,  3 15. 
Covers  for  manholes,  outs  of,  813- 

315. 
Cowles  furnace,  1247. 
Crane  chain,  1406. 
Cranes,  boat.  Navy  spec,  for,  1104. 

power  to  run  electric,  1527. 
Cross  connections,  use  of.  1104. 
seat  beaten,  wiring  diag.  of,  1268. 
section  of  field  core,  365. 
of  condoetoiB,  calc.  of.  277. 
of  conductor,  formula  for.  265. 
-talk,  definitton  of,  1061. 

elimination  bytmaspositionof. 


Croaees  in  cables,  fooatioQ  of,  Ayrton 

method,  327 
Craesinff  of  wires,  630. 
Crushing    loads    for    brick,    stone, 
>  mortar,  cement,  1322. 
strength  of  woods,  1316. 
Cubic  feet  table,  water  h.  p..  1475. 
,  Current  canning  capacity  of  lead 
covered  caUes,  218« 
canying  capacity  of  rubber  ins. 

cables,  210. 
carrying  capacity  of  wires,  208. 
curve  for  railway  motors,  660. 
definition  of,  50^^ 
dmsities  for  transfoimer  ooil,  447. 
for   various    brush    mat.erials, 
442. 
density  at  brush  faces,  861. 
for  brushes,  351. 
for  conmiutator  segmente,  361. 
distribution  by  railway  conduo- 

tore,  70L 
in  cables,  max.  allowable,  212. 
in  multiple  cirouits,  55. 
in  three-phase  circuit,  meas.  of, 

406. 
maximum,  A.  C.  windingi,  127. 
mean,  A.  C.  windings,  127. 
measurement  of,  41. 
millivoltmeter  meas.  of,  78. 
of  alteraatore,  405. 
potentiometer  meas.  of,  47.  63. 
swapping,  850. 
taken  by  induction  motorai  207. 

by  lamps,  542. 
transformers,  descr.  oi,  045. 
unit  of,  4. 

variations  on  water  nuiin.  857. 
voltmeter  meas.  of,  77. 
wave  fonn  of,  '4),  1218. 
Currents,  fusing  effects  of.  217. 
Curtis  steam  turbine.  1455. 
Curvaturo  of  rails,  616. 
Curve  drawing  meter,  Q.  E.,  1036 
dynamo  magnetisation,  336. 
magnetic  distribution,  340. 
tracer,  Rosa  tsrpe,  t  .• 
Curves,  altera,  current  power,  70. 
railway,  612. 
f onnula  for.  606. 
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Curves,  trolly  wire,  638. 

voltage  of  storage  batteries,  883. 
Cut-outs,  slate,  res.  betw.  terminals 

of.  86. 
Cyanide  of  potassium,  produotlon  of, 
1246. 

of  sodium,  production  of,  1246. 
Cyde,  def.  of,  601. 
Cycles,  measurement  of.  60-64. 
Cylinder  ratios,   compound   engines, 

1441. 
I^allj  electric  cooking  record,  1262. 
Damping  of  oscillator,  1059. 
D.  and  W.  fuses,  1276. 
DanieU  cell,  14. 
D'Arsonval  galvanometer.  21. 

galvanometer,  des.  of.  25. 
ill.  of.  25. 
Data  for  transformer  tests,  496. 
Davy  cell,  14. 
Decade  resistance  box,  32. 
Decane,  spec.  ind.  cap.  of,  37. 
Decdoation,  formula  of,  668. 
Deck  beams,  1314. 

winches.  1196. 
Decylene.  spec.  ind.  cap.  of,  37. 
Defensive  mines.  1137. 
Definite  time  limit  relays,  056. 
Definition    of     symbols,     dynamo 

section.  334. 
Deflection  of  beams,  1309. 
Deflections   of   aluminum   wire   in 

still  air,  226. 
De  Laval  steam  turbine,  1452. 
Delta  connected  armature  winding. 
413. 

connection  of  transformers,  473, 
478. 
of  winding,  404. 
Demand  factor.  605. 

meter,  Wright,  1008. 
Density  of  field  magnet  cores,  mag* 
netio,  365. 

of  armature  teeth,  307. 

of  electrolyte.  877,  884. 

of  pole  faces,  magnetic  calc.'of,  356. 
Depolariser,  def.  of,  14. 
Deposit,  rata  of,  1235. 
Depreciation  of  isolated  plant,  1285. 

of  telephone  plant,  1108. 


Depredatioo  of  street  Rutways,  tabic 

of,  770. 
Depth  of  armature  coil  slots,  373. 
Derived  geometric  units,  2. 

mechanical  units,  2. 

units,  symbols  of,  1. 
Design  of  drouit  breakeia,  96A. 

of  transformen,  447. 
Designing  dynamos,  370. 

of  djmamos,  principles  of,  35S. 
Destructive    effect   of   elactiolysa 

854. 
Detectors,  eleotrolytio,  1067. 

hot-filament,  1068. 

low  resistance,  1065. 

shunted,  1065. 

magnetic,  1067. 
Deterioration  of  undeiground  metals, 

852. 
Determination  of  moisture  in  steam. 
1394. 

of  wave  form,  49. 
Diagram  of  car  heating  wiring,  1267. 

of  car  wiring,  747. 

of  cells  in  multiple,  20. 

of  train  performance,  663. 
Diameter  of  commutator,  361. 
Dielectric  strength  of  air,  233. 

strength  of  insulating  materiak 
228. 

strength,  test  of,  515. 

tests  of  cables,  832. 
Dielectrics,  iMDperties  of,  227. 

puncturing  voltages  for.  228. 

specific  inductive  capadty  of,  227. 
thermal  conductivity  of.  234. 

variation  of  resistance  of.  228. 
Difference    of   elevation,    potential 
strains  due  to,  981. 

of  potential,  meas.  of,  75. 
symbol  of,  8. 
unit  of,  4. 
Differential  ammeter,  use  of,  903. 

galv.  method,  res.  meas.  by,  56. 

gear,  turret  turning  system,  1190. 
Diffused  lighting  system,  602. 
DiflFuse  reflection,  coef.  of.  596. 
Diffusion  of  light,  599. 
Dilute  sulphuric    add.  oondootiag 
power  of.  table  of.  906. 
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Dilute  sulphuric  add,  resistanoe  of, 
1220. 
strength  of,  table  of,  904 
Dimennona  of  eonductora,  260. 
of  controUeiB,  757. 
of  dynamoe,  preliminary,  check- 
ing of,  363. 
of  electric  cars,  table  of,  732. 
of  phyBical  quantities,  6. 
of  railivay  conductors,  791. 
of  storage  battery,  883. 
Dip  in  span  wire,  634. 
Direct-connected    generating    seta, 
standards,  1435. 
control  panel  switchboard,  906. 
current  arc  lamps,  568. 

circuit  breakers,  desiflpi  of,  952. 
circuits      for     operating      oil 

switches,  etc.,  939. 
distribution,  pressure  for,  260. 
distribution,    sise    of    conduc- 
tors for.  284. 
dynamos,  Hopkinson's  test  of, 

393. 
exciter  switchboard,  942. 
feeder  panel,  equipment  of,  928. 
generator  panels,  equipment  of, 

924. 
meters,  testing  of,  1020. 
motor  panel,  equipment  of.  928. 
motors,  counter  e.m.f.  in,  353, 
over  voltage  relay,  960. 
reverse  current  circuit  breaker, 

950. 
'  rotary,  converter  panel  for,  925. 
system,  examples  of,  271. 
use  of  in  U.  S.,  870. 
deflection  method,  ins.  res.  by, 

321. 
discharge  method,  meas.  cap.  by, 

63,  325. 
reading  ohmmeter,  57. 

potentiometer  method,  E.M.F., 
of  batteries,  63. 
Discharge,  chemical  effect  of  electric, 
1232. 
curves,  storage  battery,  875. 
methods  of  controlling,  888. 
points  for  lightning  rods,  1282. 
tBtiB  of  Storage  batteries,  874. 883. 


Disohaiven,  atatio,  092. 
Discharges,  atmospheric,  1278. 
Disconnecting  switches,  965. 
arrangemeot  of,  033. 
between  bus  bars,  929. 
Diacount  meter,  Wri^t,  1008. 
Disinfecting  sewage,  1244. 
Disks,  armature  core,  conatr.  of,  34 . 

armature  core,  data  on,  356. 
Disk  type  armatures,  841. 
Disruptive  strength  cf  transformer 

insulation,  483. 
Distance-time  curve,  668. 
Distributed  coil  form  at  winding, 
410. 
signal  block  system,  627. 
Distributing  cables,  1083. 

frames,  1104. 
Distribution  curves,  540. 
light,  599. 
system,  parallel,  277. 

for  single>phase  railway,  718. 
systems  in  general,  262. 
Distributive  shunt   telephone  sys- 
tem, 1107. 
Ditches,  constr.  of,  868. 

flumes  and,  1468. 
Diversity  factor,  505. 
Divided  bar  method,  determ.  magn. 

values  by,  92. 
Diving>lantems,  1179. 
Domestic  illumination,  596. 
Dossert  joint,  191,  910. 
Double  bridge,  Kelvin  type,  59.        , 
current  generator,  def.  of,  502. 

xiae  of,  440. 
galv.  iron  telegraph  wire,  proper- 
ties of,  200. 
square  roots,  table  of,  45,  46. 
track  pole  construction,  631. 
truck  cars,  power  for,  656. 
Draft  power  for  comb,  of  fuels,  1342 
Drag  on  armature  conductors,  351. 
Draw-bar  pull,  test  of,  803. 
Drawing  in  undergrotmd  cables,  SI 9. 
Drill   presses,   power  required   for, 

1521. 
Driver-Harris   wire,    properties   of, 
202. 
resistance  of.  207. 
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Drop  at  end  of  line,  test  of,  800. 
Iq  A.C.  lineB  in  per  cent,  280. 
in  oandle-power  of  lamps,  544. 
in  overbead  lines,  708. 

returns,  798. 
in  pressure  in  parallel  distribution 

system,  270. 
in  railway  oireuits,  test  of,  804. 
feeders.  701. 
line,  794. 
in    secondary    of     transformers, 

test  of,  483. 
in  Toltase  at  brush  faces,  362. 
at  train,  705. 
in  railway  circuit,  796. 
In  storage  cells,  table  of,  870. 
max.,  U.  8.  Navy  spec,  for,  1171. 
Drum  armatures,  341. 

windinffi  of  armature,  345. 
Dry  batteries,  description  of,  18. 
cell,  Burnley  type,  18. 
chloride  of  silver  type,  16. 
Gasner  type,  18. 
measure,     metrical     equivalents, 
1502. 
Drysdale's  permeameter,  07.  • 

Duct,  def .  of,  301. 
material  in  place,  cost  of,  table  of, 
307. 
Ductility  of  boiler  plate.  1333. 
Ducts,    arrangement    of,    cuts    of, 
310. 
heat  dissipation  in,  214. 
in  manhole,  grouping-of,  318. 
Duddell  oscillograph.  62. 
Dumb-bell  oscillator,  1061. 

discharge  of,  1060. 
Duncan  meters,  098. 
method,  meas.  ot  wave  form  by. 

■ 

recording  wattmeters,  testing  of, 
1031. 
Duplex  loop  system,  1047. 

repeater,  1040. 

telegraphy,  1044. 

telephony,  1106. 
Durability  of  railroad  ties,  610. 
Dust  of  carbons,  578. 
Dynamo  cable,  flexible,  table  of,  172. 

design,  principles  of,  855. 


Dynamo    cable,    dimenslone,    pn- 
Uminary,  checking  of,  363. 

efficiencies,  average,  table  of,  377. 

efficiency,  U.  S.  Navy,  1158. 

regulation,  test  for,  382. 

room  distribution,   U.  8.   Nairy, 
diagram  of,  1165. 

room,  U.  8.  Navy,  1153. 
Dynamometer,  Siemens*  electro-.  42. 
Dynamos  and  motors,  prindplss  of. 
336. 

and  motors,  tests  of,  378. 

classification  of,  336. 

design  of,  370. 

efficiency  tests  of,  883. 

E.M .F.  of,  meas.  of.  74. 

in  ships,  gyrostatic  aetkm  on,  3S3. 

insulation  of,  meas.  of,  86. 

resistance  of,  workshop  methcd. 
61. 

temperature  rise  in,  378. 

U.  8.  Navy,  spec,  for,  1156. 
Dynamotors,  definition  of,  50* 

description  of,  434. 
Dyne,  definition  of,  3. 

S*rtli  connections,  782. 
currents,  effect  of,  1081. 
foundations  on,  1201. 
Ebonite,  spec.  ind.  cap.  of,  36,  227. 
Economical  tapering  of  oondueton, 

270. 
Economisers,  fuel,  1378. 
Economy  coils,  construction  of,  463. 
of  isolated  electric  pUnts,  1283. 
of  superheated  steam,  1414. 
Eddy  current  core  loss  testa,  885. 
factors,  Ubie  of.  106. 
loss,  formula  for,  00. 
loss,  meas.  of,  104.  50i. 
currents  in  armatures,  fweveotioa 

of,  350. 
currents  in  iron  cores,  00. 
Edison-Lalande  cell,  des.  of.  17. 
-Lalande  cell,  illustratioQ  of,  18. 
storage  batteries,  1227. 
three  wire  system,  355. 
Effective  EJI.F.  of  A.C.  corrent 
404. 
resistance  at  A.C.  eirouils,  386. 
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Effect  of  line  oapaoity,  264. 
Effioienoies,  average  dynamo,  table 

of,  377. 
£ffloieo(v  curve  of  motora,  370. 
curve  of  arc  dynamo,  commercial, 

388. 
curve  of  ar(Alynamo,lelectrioal,  338« 
carves  of  railway  motors,  686. 
def .  of,  £07. 

generator,  U.  S.  Navy,  1158. 
of  arc  lights,  580. 
of  bonds,  781. 
of  cell  groupinoB,  21. 
of  dynamos,  370. 
of  dynamos  and  motors,  meas.  of, 

508. 
of  dynamo,  oalo.  of,  391. 
of  dec.  cooking  apparatus,  1260. 
of  gas  engine,  1440. 
of  lamps,  variation  in,  547. 
of   large  and  small  transformers, 

relative.  459. 
of  Moore  tube,  566. 
of  motors.  Navy  spec,  for,  1185. 
of  motors,  tests  erf,  394. 
of  railway  motors,  663. 
of  small  pumps.  1368. 
of  steam  boiler,  1320. 
of    steam    engines,    superheated 

steam,  1414. 
of  storage  batteries,  879. 
of  storage  batteries,  variation  of,  * 

§iSlA. 

of  transformere,  453. 

of  transformer,  test  of,  403. 

of  various  types  oi  steam  engines, 

1430. 
tests  of  dynamos,  383. 
of  dynamos  and  motors,  386. 
of  induction  motors.  308. 
of  railway  motors,  808. 
of  street  railway  moton,  307. 
of  two  d.  0.  dynamos,  Hopkin* 

son's  method,  303. 
of  two  similar  dynamos,  Kapp's 
method,  387. 
Ejector  condenser  capacities,  1445. 
Elasticity,  modulus  of,  1302. 
Elastic  limit,  1302. 
reeilience,  1312. 


Electrical  and  mechanieal  unita  table 

of,  1258. 
circuits,  laws  of,  65. 
efficiency  curve  of  arc  dyoamoi 

338. 
efficiency  of  dynamoe,  def.  of,  888. 
engineering  symbols,  1. 

units,  2. 
kiad  test,  3^. 
measuring  instruments,  21. 
prop,  of  alloys,  table  of,  134-140. 

of  metals,  table  of,  134-140. 

of  rubber,  220. 
qualities  of  steel  for  third  rail,  822. 
symbols,  1. 
units,  4. 

international,  0. 
Electrically  operated  centml  etatioo 

switchboards,  028. 
Electric  and  coal  heating  compared, 

1265. 
and  gas  cooking  compared,  1260. 
and  gas  rates  compared.  1961. 
automobiles,  1224. 
balance,  Kelvin  type,  43. 
brake  controllers,  list  of,  755. 
car  controUera,  753. 

heaters,  hints  to  purchasen  of, 
1260. 

heating,  1265. 

heating,  cost  of,  1266. 

motors,  installation  of,  745. 
cars,  dimensions  of.  table  of,  782. 

speed  and  energy  curves  for, 
680. 
circuits,  ins.  res.  erf,  85. 
cooking  apparatus,  effldeney  of, 
1260. 

cost  of,  1260. 

record,  table  of.  1262. 

utensils,  cost  erf  operating,  1261. 
cranes,  power  to  run,  1527. 
drive,  saving  by,  1520^ 
energy,  def.  of,  5. 

symbol  of,  8. 
elevators,  operating  cost  of,  1528> 

power  used  in,  1528. 
equipment  of  one  car,  753« 
forge.  Burton,  1274. 
furnace,  efficiency  of,  1244. 
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Eleotrio    fines     for     firing     guns, 
1134. 
heatera,  energy  consumption  of. 

1265. 
heat  in  printing  pUnta,  1209-1270. 
heating,  1263. 

elasaification  of,  1256. 

devices  in  laboratories,  1270. 

industrial,  1269. 
irons,  cost  of  operating,  1263. 
land  mine,  1137. 
locomotives,  614. 

table  of.  739. 
meters,  accuracy  of.  997. 
plants,  isolated,  economy  oi^  12ts3. 
power,  def.  of,  5. 

meas.  by  wattmeter  method,  72. 

symbol  of,  8. 

transmiasion,  system  of,  865. 
propulsion,  Leonard's  ssrstem  ct, 

354. 
quantity,  def.  ci,  5. 
railway  booster  calculations,  809. 

energy  of,  706. 

material  required  for  one  mile 
of.  628. 

surface  contact  system,  840. 

system  of  operation  of,  613. 

third  rail  ssratem,  821. 

conduit  systems  of,  836. 
rail  welding,  1273. 
smelting,  1247. 

def.  of,  1232. 
steering    gear,    navy    spec,   for, 

1200. 
welding  and  foiging,  1271. 

of  axles,  1272. 

of  iron  «nd  sted,  1271. 
whistle,  navy  spec,  for,  1210. 
Electrochemical     equivalents,     14, 

1230. 
Electroehemistry,  eoope  of,  1231. 
Electrodes,  definition  of,  1229. 
Electro-dynamometer,  42. 
Electrolysis  due  to  A.G.,  860. 
in  lower  New  York,  858. 
near  power  house,  862. 
remedies  for,  861. 
rules  for  prevention  of,  781. 
theory  of.  852.  1229. 


Electrolyte,  composition  of,  877. 

change  in,  873 

definition  of,  1129. 

density  of.  884. 

impurities,  effect  of,  1238. 
Electrolytic  action  on  bonded  raila 
855. 

action    on    underground    matalsi 
852. 

diemical  analysis,  1232. 
effects.  1232. 

chemistry,  branches  of,  1231. 

oopper,  phys.  and  eiee.  prop.  ol. 
135. 

detecton,  1067. 

effect  on  water  meten.  858. 

intemiptero,  1253. 

production    of   metab,    def.    of, 
1232. 

refining  of  copper,  1235. 
of  metals,  def.  of,  1232. 
Electromagnetic  induction,  04. 

railway  sys  tem,  840. 

unit,  definition  of,  5. 

units,  s3rmbols  of,  1. 
table  of,  7. 

waves,  1055. 
Electromagnet,  law  of  plunger,  127 
Electromagnets,  A.C.,  127. 

A.C.,  impedance  in.  127. 

calo.  of,  table  of,  114. 

characteristics  of.  curves  of.  129 

exciting  power  of.  111. 

flux  density  of,  89. 

heating  of,  127. 

magnetisation  of.  table  of.  111. 

plunger,  shapes  of,  128. 

properties  of,  108. 

pull  of,  110. 

traction  of,  110. 

winding  of.  112. 
Electrometallurgy,  scope  of.  1231. 
Electrometer,  Maacart,  39. 

quadrant,  40. 

Ryan  type,  SI. 

testing  joints  of  cables  by,  323. 
Electromotive  force,  definition  of,  S. 

formula  for  generation  of,  356. 

for  plating,  1234. 

induced,  64. 
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Eneetromotive  force,  meas.  of,   5", 
62. 
of  batteries  and  dynamoe,  74. 
symbol  of,  7. 
unit  of,  4. 
Eleotroplatii^,  def .  of,  1232. 

methods  of,  1233. 
Cleotropoin,  use  of,  16. 
Eteotroatatic  capacity,  meas.  <^,  40. 
capacity  of  telephone  cables,  1084. 
induction,  e£Fect  of,  1081. 
units,  1. 
units,  definition  of,  4. 

in  terms  of  electromagnetic,  9. 
voltmeter,  Kelvin,  40. 
use  of,  945. 
Electrothermal     chemistry,     1232, 

1244. 
Electrotyping,  def.  of,  1232. 

methods  of,  1232. 
Elementary  lavs  of  circuits,  55. 
Elements,  atomic  weights  of,  1230. 

of  usual  sections,  1303. 
Elevating  gear  for  guns,  1191. 
Elevation,    effect   on    potential   of 
Imes  of,  981. 
of  outer  rails,  617. 
Elevaton,  operating  cost  of  electric, 

1528. 
Emergency  braking  of  cars,  731. 
£Jlft.F.,  determination  of,  49. 
formula  for  generation  of,  356. 
generation  of,  336. 
ol  A.C.  current,  discussion  of,  404. 
at  batteries,  comparison  of,  76. 

meas.  of,  62,  74. 
of  dynamos,  meas.  of,  74. 
of  standard  cells,  19. 
Enamded  wire,  187b. 
Endooed  arc  carbons,  578. 
arc  lamps,  568,  575. 
fuses,  1276. 

motors,  navy  spec,  for,  1183. 
End  cell  switches,  890. 
Eiudless   diain  ammunition   hoists, 

U.  S.  Navy,  1192. 
Energy  and  speed  curve,  680. 
consumption  of  eleo.  heaters,  1265. 

per  car,  652. 
dissipation  in  arm.  core,  107. 


Energy  and  speed  curve,  eieotrio, 
def.  of.  5. 

for  electric  cars,  approz.  of,  679. 

input  to  can  on  grades,  657. 

in  three-phase  drouit,  405. 

kinetic  and  potential.  3. 

of  electric  railway,  706. 

units  oompared  with  work- units, 
12. 
Engine  foundation,  1292. 

lathes,  power  required  for,  1516. 

tdegraphs,  U.  S.  Navy,  1202. 
Engines,  racing  of,  081. 

U.   S.   Navy,    spedfications   for, 
1154. 
Equaliser   circuits,    remote  control 

switches  for,  963. 
Equalising  connections,  def.,  601. 
Equation  of  steam  pipes,  1418. 
Equiludal  lines,  map  of,  692. 
Equipment  of  one  car,  752. 

of  dectric  can,  613. 
Equivalent,  dectroohemioal,  14. 

sine  wave,  501. 

values  of  dee.  and  meoh.  units, 
1258. 
Erection  of  batteries,  884. 
Erg,  definition  of,  3. 

value  of,  12. 

measurement  of,  104. 
Error  of  meas.  in  voltmeter  tests,  76. 

table  for  wattmeters,  1032. 
Estimate  of  water,  869. 
Estimating  cost  of  conduits,  table  of, 
317. 

cost  of  manhole,  table  of,  317. 
Ether,  osdUations  in,  1278. 
Evaporation,  factors  of,  1401. 
Btvolution  of  conduit,  301. 
Ewing's  hysteresis  tester,  102. 
Excavation  per  conduit  foot,  cost  of, 

306. 
Excessive  voltage,  evils  of,  545. 
Exchsinge  current  in  transformer.  405. 

systems,  automatic,  1105. 

telephone  systems,  1088. 
Exciter  switchboard,  D.  C,  942. 
Exciting  current  in  transformer,  483. 
in  transformer,  meas.  of,  485. 
in  transformer,  table  of,  498. 


1554 


INDEX. 


fizdting  power  ol  aleotromAgnets, 

111. 
Exdtation  oumnt  in  tranafonner, 
mefts.  of,  485. 

loM  in  dynamos,  509. 

of  fiald-magneto,  865. 

of  induction  motors,  308. 
Ezide  storace  batteries,  1227. 
Ezpanalon,  ooeffioienta  of,  1508. 

of  water,  1362. 
Expense  of  operating  transfotmen. 

458. 
Expenses  of  telephone  cables,  1087. 
Bxploeions  dae  to  electrolysis,  850. 
Explosives  near  railways,  danger  of. 


Exposure  used  in  transposition,  288. 

Extension  bell,  oonneetions  of ,  1076. 

Eztttnal    characteristic    curve    of 

dsmamo,  337. 

characteristic    curve    of    shunt 

dynamo,  330. 
resistance  of  cells,  20. 
Externally  controlled  boasters,  804. 
Eye  beam  foundations,  1203. 
Eyes,  eifeot  of  light  on,  600. 
VaciorlMi,  power  consumption  Ih, 

1517. 
Ikofeors,  eddy  current,  table  of,  lOtt, 

byetensia,  table  of,  100. 
Faeton  of  evaporation,    UOO   and 
1401-a. 
■aiety.  N.  Y.  City  building  codes, 
1302. 
Factory  call  bell  system,  203. 
Fahrenheit  vs.  Gent,  scale.  1508. 
Fall  of  potential  In  railway  return, 

782. 
Fans,  effect  of  temp,  of  gases  on 
load.  1346. 
for  induced  draft,  1845. 
ventilation,  navy  spec,  for,' 1106. 
Farad,  definition  of,  5. 
International,  def .  <if,  0. 

standard,  88. 
value  of,  8. 
Fatigue  of  Iron  and  steel,  magnetic, 

456. 
Faults  in  armatures,  tests  for.  402. 
In  sables,  location  of.  328. 


Faults  in  cables,  Murray's  mcthfwj 

320. 
in  street  care,  805. 
in  underground  cables,  looataoncC 

331. 
Feeder  circuit  protection  by  relasrs, 

050. 
panel,  D.C.,  equipment  of,  028. 

aingle-pha8e,«quipmentfor.  016. 

three-phase,  equip,  of,  017. 

two-phase,  equip,  of,  018. 
potential  regulator,  G.  E.  type. 

468. 
regulator,  G.  E.  type,  468. 
Feeders,  arrangement  of,  788. 
capacity  of,  786. 
classes  of,  788. 
design  of,  787. 
load  on,  787. 
regulation  of,  513. 
Feed-water  heaters,  1375. 

heating  by  pump  exhauat,  1377. 

pipes,  siaes  of,  1373. 

saving  by  heating,  1376. 

saving  in  fuel  by  heating.  1377. 
Ferro-nickd  wire,  properties  of.  202, 

207. 
Feet  per  minute  in  milea  per  hour, 

660. 
to  centimeters,  15(8. 
Fibre,    specific    inductive    capacity 

of,  227. 
Field  busser,  1140. 
coils,  cooling  auif aoea  of,  table  of, 
352. 

heating  of,  852. 

resistance  of,  401. 
frame  oi  induction  motor,  elots  In, 

426. 
intensity,  value  of,  7. 
magnet  coil  surf  aoe,  362. 

cores,  design  of,  365. 

excitation,  365. 

windings,  360. 

magnets,  ampere  turns  ha,  366. 

design  of,  364. 

general  data  on,  852. 

use  of  various  types  of,  855. 
rheostats,  electrically  contrbDedc 

042. 
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Flald  flwitehboardfl,  eleotricany  con- 
trolled, 042. 
ielegraphB,  1140. 
telephones,  1140. 
wireless  set-pack,  1145. 
Figure  of  merit  of  galvanometers, 

21. 
Filling  standard  cell,  13. 
Fire  alarm  system,  U.  S.  Navy,  1210. 
briok,  aiies  of,  1321. 
protection  in  transformer  house, 

871. 
temperature  of,  1349. 
Fires  caused  by  lightning,  1279. 

due  to  deotrolysis,  859. 
Firing  guns,  navy  method  of,  1212. 

mechanism,  electric,  1148. 
Fish  ladders.  869. 
Fiske  range  finder,  1211. 
Fixture,  XT.  S.  Navy,  1171. 
Flame  at  commutator,  805. 
Flam»-proof  coverings,  939. 
Flaming  arc  lamp,  572. 
Flaming-point  of  carbons,  577. 
Flanges,  pipe,  1430-1433. 
Flat  plates.  Board  of  Trade  rules, 
1333. 
boiler,  safe  preesure  on,  1332. 
Flash,  energy  of.  1278. 
lightning,  data  on,  1277. 
test  of  transformer  oil,  500. 
Fleming's    method,    mens.    A.    C. 
power  by,  71, 
modification  of  Hopkinson's  test, 
394. 
Flexible  dynamo  cable,  table  of,  172. 
Flexure    of     beams,     fundamental 

formuke  of,  1308. 
Flow  of  steam  in  pipes,  1416. 
of  water,  estimate  of,  869. 

in  a  stream,  measurement  of, 

1471. 
in  various  pipes,  1373. 
over  weirs,  1473. 
through  an  orifice,  1470. 
Fluctuating  load  diagram,  888. 
Flues,  boiler,  area  of,  1329. 
Flumes  and  ditches,  1468. 
Fluoroecopes,  use  of,  1255. 
Fluorspar,  spec.  ind.  cap.  of,  36. 


Flux  density  for  induetion  motors, 
427. 

of  force,  value  of,  7. 

for  transformer  cores,  curve  of, 
446. 

in  air-gap,  365. 

in  field  magnets,  366. 

magnetic,  definition  of,  4. 
Foot,  decimals  to  inches,  1505. 

-candle,  def.  of,  525. 

-poimd,  value  of,  12. 

valve,  1447. 
Forced  draught,  blowers  for,  1844. 
Force    on    conductors   in   magnelie 
field,  108. 

de  oheval,  3. 

definition  and  unit  of,  8. 

magnetomotive,  definition  of,  & 

magnetising,  definition  of,  4. 
Forge,  electric.  Burton,  1274. 
Forging  by  electricity,  1271. 
Form-factor  of  wave,  601. 
Formule  for  transmission  lines,  275. 
Formula  for  testing  Shallenberger 

meter,  1028. 
Fortress  telegraphs,  1140. 

telephones,  1140. 
Fort  Wasme  induction  wattmeters, 
1005. 

wattmeters,  testing  of,  1082. 
Forward  lead  of  brushes,  350. 
Fouoault     ciurents     in     armaturea 
prevention  of,  350. 

currents,  representation  of,  386. 
Foundation  beds,  load  on,  1292. 

concrete,  1292. 

engine,  1292. 

on  clay,  1290. 

on  piles,  1291. 

on  soft  earth,  1291. 
Foundations,  1290. 

and  structural  materials,  1289. 

brick.  1292. 

eye  beam,  1293. 

on  gravel,  1290. 

on  rock,  1290. 

stone,  1293. 

on  sand  or  gravel,  1290. 
P  our-circuit  single  winding  of  arma> 
tures,  342. 
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FouT'party  seleotiTe  telephone  sys- 
tems. 1103. 
-wire  two-phaae  system,  formula 
for.  270. 
Frame  buildings,  steel,  electrolysis 

in,  859. 
Frames  for  switchboards.  906. 
Francis'  weir  formuhs.  1474. 
Freight  elevators,  operating  ooet  of. 

1528. 
French  calorie.  1511. 
Frequency  changer,  def.  of,  503. 
definition  of,  501. 
symbol  of.  8. 
Frequencies,  discussion  of  standarc^ 
522. 
vof  generators,  870. 
Friction,  1505. 

load  in  machine  shops.  1523. 
brush  oontaot,  362. 
curve  for  train,  679. 
curves  of  railway  motors,  676. 
test  for  dynamos,  383. 
Fuel  eoonomiselv.  1378. 
economisers.  Green's,  1378. 
value  of  woods  for,  1349. 
Fuels,  draft  necessary  to  bum.  1342. 
gaseous.  1357. 

heat  of  combustion  of,  1347. 
kinds  and  ingredients  of,  1346. 
liquid,  1356. 

total  heat  of  combustion  of.  1347. 
Fuller  cell,  description  of.  16. 
Fundamental  principles  of  dynamos 
and  motors,  336. 
units,  definition  of,  2. 
S3nmbols  of,  1. 
table  of,  6. 
Furnace,  electric,  efficiency  of,  1244. 
Furnaces,  oil,  1357. 
Fuse  block,  ins.  of,  meas.  of,  82. 
data.  1275. 
wires,  rating  of.  1275. 
table  of.  1275. 
Fuses     for     firing     guns,    electric, 
1134. 
for  railway  circuits,  731. 
installation  of,  1276. 
Fusing  effect  of  current,  217. 
Fusion,  electric,  def.  of,  1232. 


CtelloM,  1499. 
Galvanic  cell.  14. 
Galvanised     iron 

properties  of.  199. 
iron  wire  for  water  rbeoststs,  34L 
steel  strand  wires.  042. 
Galvanometer,  ballistic,  25. 
constant,  23. 
D'Anonval,  des.  of,  25. 
Kelvin  type,  23. 

method,  differential,  res.  by,  5A. 
ins.  res.  of  wiring  system  by,  84 
moving  coil,  des.  of,  25. 
reflecting,  Kelvin,  23. 
scale,  24. 
.shunt  boxes.  29. 
telescope,  24. 
tangmt  type^  22. 
used  with  potentiometer,  4& 
Galvanometers,  21. 
figure  of  merit  of.  21. 
moving-coil,  21. 
moving-needle,  21. 
resistance  of.  60. 
Gap.  air,  mechanical,  363. 

distance  curves.  234. 
Garton  lightning  arrester,  990. 
Gas   and   electricity    compared  fo> 
cooking,  1260. 
and  electric  rates  compared.  1261 
engine  power  plant,  1450. 

pumping  plant,  1450. 
Ut^tBt  wiring  for.  295. 
test  of,  1450. 
engines,  1448. 

classification  of,  1448. 
comparative  economy  of,  1449. 
cost  (^  lifting  water  by  usiac 

1450. 
heat  energy  disposition  in,  1450i 
value  of  coal  gas  for,  1450. 
lil^t  wiring,  295. 
passages  and  flues,  1329. 
Gaseous  fuels,  1357. 
Gases,  effect  of  temp,  on  fan  load, 
1346. 
specific  gravity  of,  1512. 
Gasner  ceil,  15;  dry  ceil,  18. 
Gauges,  wire,  table  of,  141. 
Gauss,  definition  of,  4. 
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(Sanaa,  value  of,  7. 
Gem  lamps,  549. 
General  Eleetrio  Company; 
A.G.  li^tnins  arrester,  087. 
A.C.  motor  charaoteristios,  713. 
A.C.  overload  relay,  9dl. 
A.C.  railway  system,  710. 
aro  switchboards,  922. 
car  controller,  763. 
eirouit  breaker,  050. 
constant     current     transformers, 

464. 
Induction  motors,  297. 

current  taken  by,  297. 
locomotives,  740. 
mercury  aro  rectifiers,  480. 
multiple  unit  control,  761. 
on  break  switch  motor,  976. 

switch,  979. 
prepayment  wattmeters,  1010. 
railway  motors,  729. 

charActeristio  curves  of,  686. 
reomxling  meters,  1037. 

wattmeters,  testing  of,  1030. 
rubber    ins.    wires    and    cables, 

tables  of.  164-172. 
searchlight,  1181. 
surface  contact  railway,  847. 
switdiboard  panel,  907. 
system,  dectrio  heating,  1257. 
wattmeter  constant,  1030. 
wires  and  cables,  tables  of,  161- 

178. 
General  ssrmbols,  1. 
Generating  station,   hydro-electric, 

section  of,  930. 
sets,  tests  on  U.  S.  Navy,  1159. 

U.S.  Navy,  1153. 
Generator     circuit     protection     by 

relays,  959. 
control  pedestal,  940. 
efficiency,  U.  S.  Navy,  1158. 
magneto,  constr.  of,  1078. 
panels,  Westin^ouse  three-wire^ 
926. 

D.Cm  equipment  of,  924. 

three-phase,  912. 

two-phase,  915. 
polyphase,  502. 
switchboard.  U.  S.  Navy,  1153. 


Generator,  three-wire  system,  355. 
turbo,    U.    S.    Navy   spec,    for, 
1161. 
Generators,    double   current    type, 
440. 
frequencies  ol,  870. 
protection  by  static  interrupter  of, 

993. 
rating  of,  50 ' 
regulation  of,  870. 
speed  of,  870. 

U.  S.  Navy,  spec,  for,  1156. 
wiring  for,  295. 
Geometric  units,  derived,  2. 

table  oi,  6. 
German    silver,    fusing    effect    of 
current  on,  217. 
silver,   phys.  and    elec.  prop.  of. 

136. 
silver  wire,  properties  of,  202. 
res.  of,  203. 
Gest's  manhole,  cut  of,  312. 
Ghegan  repeater,  1042. 
Gibbs'  process,  potassium  chlorate 

by.  1242. 
Gilbert,  definition  of,  5. 

value  of,  7. 
Glass,  specific  heat  of,  1511. 
specific  inductive  capacity  of,  36, 
227. 
Globes,  effect  on  light  of,  582. 
Glower  of  Nemst  lamp.  562. 
Gold,    phys.    and    dec.   prop,   of, 
136. 
plating,  1234. 
spec.  res.  of,  132. 
temperature  coef .  of,  133. 
Goldschmidt  weld,  778. 
Gordon's    formulas    for     columns, 

1300. 
Gott*s    method,     testing    cap.    of 

cables  by,  326. 
Gould  storage  battery,  1228. 
Government  printing  office,  heating 

devices  in,  1269-1270. 
Grades  and  rise,  617. 
effect  of,  612. 
formula  for,  665.     , 
tractive  effort  on.  657, 661. 
Gradient,  magnetic,  130. 
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Onmnke  annature,  windinoi  of,  342. 

definition  of,  2. 

-degree  C,  value  of,  12. 
Granite,  cnuhing  load  on,  1322. 
Granular  button  transmitters,  1074. 
Graphic  illuminating  chart,  587. 

recording  meters,  1036. 
Graphite,  production  of,  1245. 
Grates,  air  space  m,  1329. 
Grate,  space  between   boiler  and, 
1329. 

surface  per  h.  p.,  1329. 
Gravel,  foundations  on,  1290. 
Gravity  cell,  des.  of,  15. 

resistance  due  to,  1224. 
Greases,  1497. 
Greek  letters,  1505. 
Green's  fuel  eoonomiser,  1379. 
Grey  cast  iron,  phys.  and  eleo.  prop. 

of,  137. 
Grinding  machines,  power  required 

for,  1521. 
Ground  connections,  983. 

connections    for    Ui^tning    rods, 
1279. 

detectors,  static.  Installation  of, 
942. 

on  arc  circuits,  meas.  of,  81. 

return  drop,  test  of,  799. 
Grounded  armature,  test  for,  402. 

neutral,  circuits  with,  984. 
Grounding  the  neutral,  478. 
Grouping  of  cells,  19. 

of  ducts  In  manhole,  318. 
Grove  cell,  14. 

Guarantees  of  transformers,  482. 
Guns,  coast  defense,  manipulation  of, 
1134. 

firing.  Navy  method  of,  1212. 

motors  for  operating,  1191. 

rapid  fire,  1149. 
Gutta-percha  covered  wire,  jointinc 
of,  198. 

properties  of,  231. 

spec.  ind.  cap.' of,  80,  227. 
Guy  wires,  688. 

Gypsum,  spec.  ind.  cap.  of,  36. 
Gyration,  radius  of,  1303. 
Gsrrostatic  action  on  ship  dynamos, 
858. 


Kalf-AtktaflOM  repeater.  lOtt. 
deflection  method,  res.  of  galv.  by. 
60. 
Hall  process,  aluminum  produetioo 

by,  1239. 
Hand  control,  A.  C.  railway  systsm, 
710. 
•operated  oil  break  switch,  Q.  E. 
type,  978. 
remoteKX>ntrol      switchboards, 

928. 
switchboard,  906. 
potential  control  system  of  G.  £. 
Co.,  710. 
Hangers  required  per  span  for  tan- 
gent traok,  640. 
Hannibal  shops,  St.  Joaepikk  and  H. 

Ry.  motors,  1518. 
Haroourt  pentane  standard,  530. 
Hard-drawn  copper  telegraph  wire, 

prop,  of,  156. 
Harmonics,  theory  of,  1218. 
Head,  choice  of,  869. 
Headway  of  oars,  table  of,  658. 
speed  and  number  of  can,  table  cf, 
660> 
Heat,  1509. 

absorption  curves,  1376. 
balance,  1389. 

energy  from  burning  gas,  14S0. 
in  printing  plants,  deetrie,  1289- 

1270. 
intensity  of.  1506. 
U|^t  and  power  in  isolated  pfauits, 
cost  of,  1285. 

cost  In  resldeooes  of,  1287 
mechanical        equivalent        of, 

1511. 
cl  (dectrio  are,  681. 
radiation  in  ducts,  214. 
run  of  dynamoe,  379. 
temperature    and    Intensity    of, 

1506. 
test  of  faiduotioD  motors,  898. 

of  transformer,  489. 
transmitted    throu^    east    boa 

plates.  1425. 
units,  3,  1258,  15ia 
in  steam.  1404. 
table  of,  1510. 


INDEX. 


1559 


Heatera.    energy    oonaumption    of 
electrio,  1265. 
feed  water,  1375. 
Heating  by  oonveotloa,  1264. 
by  radiation,  1264. 
can  by  eleotrioity,  770. 
devices  in  laboratories,  eleo.,  1270 
effect  on  hsrateresis  loas  in  trans- 
former, 457. 
electric.  1263. 
oars,  1265. 

claasifioation  of,  1256. 
industrial  electric,  1269. 
of  armatures,  340. 
ol  cables  in  ducts,  210. 
of  field  coils.  127,  352. 
ol  transfoirmerB,  meas.  of,  ASH, 
pipes,  condensation  in,  1415. 
surface  ol  steam  boilem,  1328. 
of  tubes.  1328. 

per  horse-power  in  boilers,  1^20. 
water  by  electricity,  cost  of,  1250. 
Hefner  amyl  lamp,  532. 

unit,  532. 
Hekto-ampere  meter,  balance  used 

as,  44. 
Helm  angle  indicators,  U.  S.  Navy, 

1202. 
Hemp  rope,  wei^^t  of,  1404* 
Henry,  definition  of,  0,  238. 
international,  10. 
measurement  of,  64. 
value  of,  8. 
Heroult  process,  aluminum  produc- 
tion by,  1280. 
Herrick  testing-board,  805. 
Hertzian  oscillator,  1057. 
Hexane,  spec.  ind.  cap.  of,  37. 
Hi^  efficiency  lamps,  use  of,  580. 
Hi^  potttitial  circuit  arresten,  993. 
generators,  protection  by  static 

interrupter  of.  903. 
on    A.C.    circuits,    protection 

against,  981. 
switches,  967. 
tests,  U.  S.  Navy.  1168. 
High  power  transmitters,  1068. 
resistances,  meas.  of,  79. 
resistance  for  voltmeters.  75. 
speed  car  tests,  727. 


Hii^-speed  railway  trials,  719. 
High-tension    bus    bar    structure, 
935. 

conductors,  insulation  of,  089. 

lamps,  570. 

lines,  aluminum  for,  190. 

statifw  bus  bars,  938. 

switches,  967. 

transmission,    conductors    for. 
235. 

voltage  transformers,  938. 

wires  in  power  station,  867. 
Hi|^  voltage,  break  down  tests  for. 
233. 

testing  set,  461. 

tests.  61S. 

tests  of  cables,  832. 

toansmission,  870. 
Hissing-point  of  carbons,  577. 
Hoho-Lagrange  system,  1274. 
Hoist,  ammunition,  electric,  1147. 
Hoists  for  ammunition,  U.  8.  Navy, 

1101. 
Holden  hsrsteresis  meter,  102-104. 
HoUow  shafts,  1485. 
HoltseiOlabot     telephone    system, 

U.  S.  Navy,  1208. 
Hook  switch,  design  of,  1075. 
Hopkinson's  test  of  two  similar  D.C. 

dsmamos,  398. 
Horisontal  return  tubular  boilers, 

1327. 
plane  Illumination,  686. 
Horn  type  lightning  arresters.  905. 
Horse-power,  definition  of,  3«  52 

formuUs  for  machine  tool  re 
quirements,  1515. 

ol  lianila  ropes,  1491. 

ol  motors,  meas.  of,  895. 

of  railway  motors,  731. 

of  running  stream,  1462. 

ol  steam  boilen,  1827. 

of  steam  engines,  1440. 

of  straet  railway  motors,  661. 

of  traction,  653. 

of  water,  tables  of,  1475. 

required  for  automobiles,  1224. 

second,  value  of,  12. 

used  In  electric  welding.  1271. 

used  in  factories,  1517. 


1560 


INDEX. 


Hotel  tolephoae  systems,  1068. 
Hot-fiUmeDt  detectors,  1068. 
Hours  of  burninc  lights,  611. 
House  cirouits,  ns.  of,  61. 
telephone  systems,  1088. 
transformers,  capacity  of,  458, 
wire,  weather-pit>of ,  table  of,  160. 
wiriDK.  279.  293. 
Humphroys'  lighting  tables,  607. 
Hydraulic  head,  choice  of,  869. 
plants,  oonstr.  of,  868. 
turbines,  regulation  of,  514. 
Hydro-electric  plant,  section  of,  930. 
switchboard  for.  plan  of,  931. 
transformer  cell,  plan  of;  931. 
Hydro-eleotrothermic  system,  1274., 
Hydrogen  as  depolariser,  use  of,  879. 

spec.  ind.  cap.  of,  35. 
Hysterpsis   curves  for   transformer 
cores,  463. 
factors,  table  of,  100. 
in  armature  core,  341. 
index,  99. 

loss  factors,  table  of.  99. 
formula  for.  98 

in  transformer  core,  table  of,  457. 
in  transformers,  law  for,  445. 
tests,  385. 
meter.  Q.  £.  type,  102-104. 
tester,  Ewing  type,  102. 
testing  by  step-by-step  method, 

101. 
testing  by  wattmeter  method,  102. 
Hysteretio  constants,  table  of,  99. 

lA  KA  wire,  properties  of,  204. 
Illuminants,  rating  4f .  540. 
Illuminating  chart.  568. 

engineering.  584. 

Umps  for  switchboards,  909. 

values,  data  on,  592. 
Illumination,  efficiency  of,  584. 

formuliB  for,  584,  587. 

for  reading,  602. 

for  various  purposes.  589. 

intensity  of,  Uws  of,  528. 
table  of,  586. 

of  interiors,  596. 

units  of,  525. 

Impedance  coils,  use  of,  429.  1117. 
definition  of,  259. 


Impedance  coila,  formula  for.  1221. 
in  alternators,  405. 
in  A.C.  coils,  127. 
of  steel  rails  to  A.C.  currant,  795. 
of  transformer,  meas.  of.  487. 
Impedance  ratio,  def .  of,  514. 

S3rmbolof,  8. 
Impressed  E.M.F.  ourves,  1218. 
E.M.F.  of  transmiosion  draiiti 
239. 
Improvement  in  transformers,  454. 
Impulse    currents,    generator    for, 
1103. 
water  wheel,  1477. 
Impulsive  rush  diaeharges,  1278. 
Impurities  in  electrolyte,  677. 
Incandescent  lamps  as  atandarJa. 
583. 
burning  out  of,  805. 
cost  of,  556. 
efficiency  of,  540. 
light  by.  601. 
luminosity  of,  548. 
navy  spec,  for,  1171. 
navy  standard,  1176. 
proper  use  oC  544. 
rating  of,  525. 
renewals  <^,  556. 
uses  of,  555. 
Incandescent      station       Kg^htaiwfl 

arrester,  986. 
Inch,  miner's,  1473. 
Inches  to  dedmab  of  a  foot,  1505. 

to  millimeters,  1504. 
Inclined  planes,  strains  in  rope  on, 

1494. 
Inclosed  fuses.  1276. 
Incrustation,  causes  of.  in  boilsn, 
1362. 
means  for  preventing.  1362. 
Index,  hysteresis,  99. 

notation.  2. 
Indicators,  order,  U.  8.  Navy.  1202. 
Induced    E.M.F.    in 
equation  for.  446. 
draught,  fans  for,  1345. 
Inductance  and  capacity, 
sation  of,  292. 
choking  effect  of.  1079. 
definition  of.  9. 
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Induotanoe  and    oapaeity   In   A.C. 

drouit,  effect  of,  1216. 
mutual,  meas.  of,  67. 
of  A.C.  cirouite,  230,  250. 
Induction  coil,  constr.  of,  1074. 
ooil,  deeisQ  of,  1074. 

for  X-rays,  use  of,  1252. 
ooef .  ol,  meos.  of,  65. 
eleotromagnetio^  64. 
generator,  502. 
law  of,  64. 

machines,  losses  In,  meas.  of,  51t* 
magnetic,  definition  of,  4. 
meters,  design  of,  1003. 
Induction  motor,  current  taken  by, 
207. 

flux  densities  for,  427. 

methods  of  starting,  018. 

panels,  equipment  of,  018. 

polyphase  type,  422. 

power  del'd  to,  280. 

regulation  of,  383,  518. 

rotor  slots  for,  427. 

slots  in  field  frame  of,  426. 

speed  oi,  424- 

starter,  def.  of.,  503. 

transformers  for,  206. 

test  of,  307. 

wiring  for,  206. 
Induction  potential  regulator,  460» 

503. 
telegraph,  field,  1140. 
transposition  to  eliminate,  285. 
type  furnace,  1244. 

wattmeters,  Westinghouse,  000, 
1003. 
wattmeters,  Thomson  polyphase^ 

1005. 
Inductive  ci^Mtoity,  qpeo.,  def.  of,  38. 
capacity  of  gases,  values  of,  35. 

of  substances,  table  of.  86.  37. 
circuits,  wattmeters  on,  1000. 
drop  in  trolley,  707. 
effect  of  alternating  currents,  236. 
load,  def.  of,  50^ 

regulation  of    transformer  for, 
402. 
loads,  testing  meters  on,  1018. 
reactance,  formula  for,  230. 

In  ohms  per  1000  feet.  242. 


Inductive  reaetanoe  In  solid  iron 

wire,  table  of,  248. 

in  three-phase  Ifaie,  245. 

representation  of,  260. 

Inductor  alternator,  def.  of,  503. 

type  synchroscope,  417. 
Industrial  electric  beating,  1200. 
Inertia,  moment  of,  1302. 

of  rotating  parts  of  train,  683. 
Ingredients  of  rails,  table  of,  780. 
Injectors,  deliveries  by  live  steam, 
1371. 
exhaust,  1372. 
lifting  cold  water  by,  1372. 

hot  water  by,  1372. 
Hve  steam,  1370. 
performance  of,  1871. 
vs.   pumps    for    boiler    feeding, 
1372. 
Installation  of  battery  plants.  807. 
of  car  motors,  745. 
of  fuses,  1276. 
of  polsrphase  meters,  1023. 
of  storage  batteries,  885. 
Instantaneous  relays,  050. 

value  of  E.M.F..  404. 
Instrument  posts,  041. 
scales,  figuring,  046. 
Instruments,    electrical    measuring, 
21. 
for  switchboard,  040,  045. 
testing,  description  of,  13. 
Insulated  cables,  varnished  cambric, 
triple  conductor,  185. 
cables,  varnished  cambric,  tables 

of,  170-183. 
copper  wires  and  cables,  table  of, 

160. 
wires  and  cables,  rubber  cov.,  tables 
of,  1^4-172. 
carrying  capacity  <tf,  200. 
locating    faults    in,    Warren's 
method  of,  830. 
Insulating  cable  ends  for  tests,  322. 
cable  joints,  101. 
ground  near  power  station,  862. 
joints  in  mains,  861. 
materiala   dielectric  strength  of, 
228. 
puncturing  voltages  for,  229S. 
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Insolation  aoross  fuse  block,  meM,i 

of,  82. 
diBtanoes  on  switohboards,  912. 
of  armature  core,  341. 
of  dynamos,  meas.  of,  86. 
of  hifl^-tension  cabloB,  030. 
of  transformer,  447. 
resistanoe  betw.  oonductors,  N.  C, 
85. 

by  loss  of  charge  method,  322. 

meas.  of,  514. 

of  are  light  circuits,  81. 

of  cables,  321. 

of  circuits,  meas.  of,  80,  85. 

of  dynamos,  86. 

of  motors,  87. 

of  railway  lines,  783. 

of  rubber,  231. 

of  telephone  cables,  1084. 

U.  8.  Navy  standard.  1168. 

of  wiring  system,  82. 
test  of  cables,  332. 

of  dynamos,  881. 

of  rubber,  230. 

of  transformers,  483. 
Insulators  for  third  rail,  831. 
Metropolitan  street  railwajr*  840. 
on  poles,  arrangement  of,  201. 
Integrating  metera,  action  of.  007. 
meters,  Westinghouse,  D.C.,  008. 
photometer,  530. 
wattmeters,  data  for,  1016. 

induction  type,  000. 

teste  of,  1013. 

Westinghouse,  1004. 
Intensity  of  briUianoy,  500. 
ci  current,  sjonbol  of.  8. 
of  illumination,  laws  of,  528. 

table  of,  586. 
of  light,  530. 
of  magnetic  field,  4. 

force,  def .  (tf,  108. 
of  magnetisation,  4. 

value  of,  7. 
of  searohlighte,  1125. 
Interazial  distances  between   A.C. 

conductors,  240. 
Intttfboroogh  rail,  830. 
Intercommunicating  telephone  sys- 
tems. 1068,  1114. 


Inter^sonneeted    star 

of     three-phase    traoafoRDsn, 
477. 
Interior  illumination,  506. 

wiring,  carrying  cap.  of  coDd.  for, 
200. 
Interlock  switches  for  railway  ooa- 

trol,  768. 
Intermediate    distributing    frames, 

1104. 
Internal     characteristic    of    ahuDt 
dynamo,  330. 
resistance  of  batteries,  meaa.  of, 
87. 
of  cells,  20. 

of  storage  batteries,  883. 
International  ampere,  def.  of,  0. 
ampere,  specification  for  detetm., 

10. 
coulomb,  def.  of,  0. 
electrical  units,  0. 
farad,  def.  of,  0. 
standard,  38. 
henry,  value  of,  10. 
joule,  value  of,  10. 
ohm,  oonstraction  of,  30. 
def.  of,  0. 
value  of,  131. 
volt,  definition  of,  5,  0. 

determ.  of,  10. 
watt,  value  of,  10. 
Interpolar  edges,  design  of,  363. 
Interrupters,  Wehnelt,  1264. 
for  X-rays,  use  of,  1253. 
Interurban      booster     eakwifatfcun, 
812. 
oar  teste,  722,  725. 
Intrinsic  brightness  of  souxxxs  of 

Ught,  520. 
Inverse  time  limit  relays,  057. 
Inverted  converter,  def.  of,  436. 
Inward  flow  turbines,  1476. 
Iron  ageing  tests,  curves  of.  453. 
and  steel,  ageing  of,  455. 
elec.  welding  of.  1271. 
magnetic  fatigue  of,  464. 
permeability  ounres  of.  00. 
wire,  ocmstante  of,  100. 
fusing  effect  of  current  on,  917 
in  eleetrolyte,  test  for,  877. 
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Imr*    loM  ounres  of   Westtnghouse 
motors,  674. 

determinationa,  107. 

la  transformer,  table  of,  482. 

in  ta»Dsformer  ooree,  453. 

in      transformer,       Sampner's 
method.  406. 
magnetio  properties  of,  89. 
permeability  of,  80. 

meas.  of,  04. 
phys.  and  elec.  prop,  of,  187. 
pieoes  of,  attraction  between.  111. 
pipe,  elee.  welding  c^,  1272. 
plating,  1234. 
poles,  633. 
production  of,  1247. 
■pec  ns.  of,  132. 
etaoks,  guyed,  cost  of,  1344. 
telegraph  wire,  galv.,  properties 

of.  199. 
temperature  ooef .  of,  133. 
U.  S.  standard  gauge,  weii^ts  of, 

1299. 
weight  of,  1294. 

flat  per  foot,  1295. 

plate,  1298. 

square  and  round,  1297. 
wire  for  water  rheostats,  34. 

Induotive  reactance  in,  table  of, 
248. 

properties  of,  199. 

self  induction  in,  240. 

self  induction  in,  table  of,  248. 

skin  e£Feot  factor  for,  238. 

use  in  telephony  of,  1082. 
Irons,  electric,  cost  of  operating,  1268* 
soldering  and  branding,  elec.,  1270. 
Isolated  eleetrle  plants,  economy  of, 

1283. 
plant,  coal  consumed  by,  1286. 

vs.  centra!  station,  1286. 
Isolation  of  conductors  on  switch- 
boards, 929,  936. 
Itemised  cost  of  conduit,  tableof  .316. 

Xa«lu  for  ammeter  eonneetlons,922 

telephone,  1089. 
Jamison  rule  for  Ins.  res.,  85. 
Jigger,  use  of,  1065. 
Joint  eiXeot  of  electrolysis,  853. 


Jointing  gutta-percha  covered  wire, 

193. 
Joints,  Dossert  cable,  191. 

in  cables,  testing  of,  323. 

in  mains.  Insulating,  861. 

in  paper  insulated  cables,  191 

in  rubber  ins.  cables,  190. 

in  Waring  cables,  191. 

per  mile  of  track,  618. 

rail,  tests  of,  801. 

insulating  cable.  191. 
Joly*s  photometer,  536. 
Joule,  definition  of.  3. 

value  of,  5,  8. 
Joule's  equivalent,  4. 
Jump  distance  curve,  234. 
Jumping-point  of  carbons,  577. 
Junction  boxes,  U.  S.  Navy  epee. 
for,  1171. 

K«pp*e  efficiency  test  of  twodyna« 
mos,  387. 
poteotiat  regulators,  468. 
Kempe  rule  for  ins.  rss.,  85. 
Kelvin  balance,  diagram  of,  44 
electric  balance,  43. 
electrostatic  voltmeter,  40. 
galvanometer,  23. 
Kelvin's  double  bridge,  50. 
law.  261.  787. 

applied  to  booster  distribution, 
810. 
multicellular  voltmeter,  cap,  test 
with,  326. 
Kerosene  for  boilers,  1364. 
Kilowatt  curve  for  railway  motors, 

OOV. 

Kilowatts  of  energy  in  three-phase 

cables,  216. 
on  grades,  657. 
Kinetic  energy.  3. 
King  carbide  furnace,  1245. 
Klrchoff*8  laws,  55. 
Knee  of  saturation  curve,  401. 
Krupp*s  wire,  properties  of,  202, 206. 
Kryptol  method,  electric  heating, 

1267 

liAbcl  rating  of  gem  lamps,  549. 
Liabomtories,  eleotrlo  beat  in.  1970. 
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Laggfng  oumnt,  effect  of,  430. 
Lake    eleotrio   nulway,    high-speed 

trials  oo,  719. 
Lamlnatioii  of  cores,  reaeon  for,  99. 
Laminations  for  traosfonner  core, 

445. 
Lamp    indication    for    oil    eireuit 
breaker,  975. 
renewals,  547. 
signals,  telephone.  1098. 
Lamps,  candle-power  of,  drop    in, 
544. 
current  taken  by,  table  of,  542. 
efficiency  of,  525. 
life  of,  544. 
material  required  for  instal.  of, 

1531. 
Navy  spec.  for.  1171. 
U.  S.   Navy  standard,   table  of, 
1175. 
Laade  cell,  14. 
Lanterns,  diving.  1179. 
Lap-connected  armature  windings, 

845. 
Lateral,  def .  of,  302. 

effect  of  electrolysis.  853. 
Lathes,  power  required  for,  1516. 
Law  cell.  15. 

of  Brown  A  Sharpe  wire  gauge. 

142. 
of  induction,  64. 
of  plunger  electromagnet,  127. 
ol  traction,  110. 
Maxwell's,  94. 
Laws,  Kirohoff*s,  55. 

of  circuits,  elementary,  55. 
Laundry    irons,    electric,    ooet    of 

operating.  1263. 
Layers     of    cotton-covered     wires, 
space  occupied  by.   tables  of, 
121-126. 
Laying  out  dsmamos,  procedure  in, 

370. 
La:?-overB  at  end  of  run,  676. 
Lead  burning.  885. 

eovered  cables,  carrjring  capacity 

of.  213. 
covered    cables,    tables   d,    174- 

178. 
covering  of  cable  joints,  191. 


Lead  burning,  fusing  effect  of  eunenl 
on,  217. 

ol  brushes,  350. 

peroxide,  use  in  batteries  <rf,  873 

phys.  and  elec.  prop.  of.  137. 

plates,  joining  of,  885. 

sheathed  telephone  cables,  188. 
telegraph  cables.  180. 

sheatli  of  cable,  loss  of  power  iu, 
293. 

spec.  res.  of,  132. 

sulphate,  use  of,  873. 

temperature  ooef .  of,  133. 
Leading  current,  production  of.  430. 
Leads  for  tranafonners,  400. 
Leakage  eurrent  on  railway  line.  783. 

coefficieots,  magnetic,  376. 

drop  in  tnaifonnen»  407. 

of  magoetio  lines  in  dynaaum,  iUw 

leactance,  def.  of,  603. 
Least    exciting    eurrent    of     syn- 

dironous  motors,  400. 
Leclanchtf  cell.  des.  of,  16. 
Leeds  A  Northrap  bridge,  32. 
Legal  ohm,  value  of,  131. 
Lemon  oil,  spec.  ind.  cap.  of,  37. 
Length,  measures  of.  1409. 

of  magnet  coils,  ocMreotiona  for. 
tables  of,  117-120. 

of  magnet  cores,  365. 

of  sparics.  curves  of,  940. 
Leonard's  system  of  eleetrie  pro* 
pulsion,  354. 
of  motor  control,  354. 
Le  Roy  method,  eleetrie  heating, 

1257. 
Letters,  Greek,  1605. 
Lever  switches,  963. 
IJfe  of  carbons,  577. 

of  lamps.  544. 

tests.  Navy  speo.  for  lamp.  1172. 
Lif  tinc»power  of  electromagnets.  110. 
Lifl^t  and  power  cables.  320. 

eontfol  from  two  or  more  points, 
294. 

out  off  by  globes,  582. 

data  on,  528. 

distribution  of.  599. 

heat  and  power,  cost  in  realdenea 
of.  1287. 
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Lisht,  heat  and  power  In  holated 
plants,  cost  of,  1285. 
standard  of,  530. 
units  of.  530. 
Lighting  cars,  Q.  E.  railway  system, 
851. 
(circuits,  res.  of,  meas.  of.  80. 
lines,  transposition  of,  285. 
methods,  comparative  values  of, 

ow4. 
of  street  e&ra,  806. 
plant,    batteries   for    residential, 

898. 
schedule  for  London,  611. 
schedules,  603. 
service,  navy,  1153. 
system,  U.  8.  Navy.  1171. 
Ughtning  arresters,  arc  station,  985. 
direct  current,  984. 
function  of,  980. 
Garton.  990. 

General  Electric  A.C.,  987. 
high  potential  circuit,  993. 
horn  type,  995. 
incandescent  station,  986. 
in  central  stations,  983. 
in  power  station,  867. 
inspection  of,  984. 
insulation  of,  984. 
low  equivalent,  994. 
magnetic  blow-out,  987. 
multiplex  three-phase.  988. 
non-arcing  D.G.,  984. 

metal  double  pole,  989. 
railway  non-arcing,  98b. 
s.xx.O.,  99u. 
spark  gape  of,  991. 
Stanley,  990. 
unit,  990. 
use  of,  1087. 
WurU  type.  084. 
Ughtning  flash,  data  on,  1277. 

protection,  980. 
Lightning  rods,  history  of,  1277. 
installation  of.  1278. 
points  of,  1281. 
tests  of,  1282. 
Lime  mortar,  1293. 
Limestones,  crushing  load  of,  1322. 
Limitation  of  voltages,  866. 


Limit  of  sag  for  aluminum  wire,  225. 
Limits  of  telephonic  transmission, 

1107. 
Lincoln  synchroniser,  416. 
Lineal  measures,   metrical  equiva- 
lents of,  1600. 
Linear  space  occupied  by  d.o.  oov. 
wire,  table  of,  123-126. 
8.C.  oov.  wire,  table  of,  121-123. 
Line  capacity,  effect  of,  264. 
discharger  c^  S.K.C.  arrester.  991. 
drops,  1090. 

equipment,  depreciation  of,  770. 
formulse,  transmission,  275. 
material  per  mile  of  trolley,  643. 
power  loss  in,  261. 
pressure,  adv.  of  high,  260. 
relay  for  railway  control,  769. 
switch  for  railway  control,  767. 
wire,  weather-proof,  tabljB  of,  160. 
Link  shoe  for  third  rail,  832. 
Liquid  fuels,  1356. 

rheostats,  33. 
Liquids,  measures  of,  1500. 
measures  of,  metrical  equivalents 

of,  1502. 
specific  gravity  of,  1512. 
ind.  cap.  of,  table  of,  87. 
res.  of,  133. 
Load  curve,  887. 
diagram,  fluctuating.  888. 
factor,  def .  of,  506. 

of  railway  system,  785. 
factors,  cost  of  power  at  various, 

oOo. 

hauled  by  motor  ear,  655. 

losses,  meos.  of,  509. 

on  foundation  beds,  permissible, 
1292. 

peak,  batteries  to  carry.  886. 

power  factors,  279. 

steel  beams,  safe,  1310. 

test  of  motors.  395. 
Loading  gear  for  guns,  1191 

telephone  lines,  1107. 
Local  action  in  storage  batteries,  878. 
Locating  breaks  in  cables  by  cap. 
test,  327. 

crosses  in  cables.  Ayrton  method, 
327. 
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Looating    faults    fn    cables,    loop 
method,  328. 
In  undergrouad  cables,  831. 
Location  of  tranaformera,  499. 
Locomotives,  electric,  614. 
electric,  table  of,  739. 
tractive  coefficient  of,  662. 
Loft   building  plant,   economy   ai, 

1286. 
London,  lighting  schedule  for.  611. 
Long  distance  transmission,  data  on, 
866. 
transformers  for,  474. 
Loop    method,    looating   faults    In 

ca'bles  by.  328. 
Lord  Kelvin's  composite  balance,  43. 
multicellular  voltmeter,  cap.  test 
with,  326. 
Lord  Rayleigh's  method,  E.M.F.  of 

batteries,  62. 
Loss  factors,  hysteresis,  table  oi,  99. 
in  line,  power,  261. 
of  active  material  in  battery  plates, 

881. 
of  capacity  of  storage  batteries, 

881. 
of  charge  meUiod,  ins.  res.  by  322. 

of  storage  batteries,  884. 
of  head  due  to  bends,  water,  1374. 
of  potential  method,  mess.  cap.  by, 

64. 
of  power  in  cable  sheath,  293. 
of  voltage  in  storage  batteries,  882. 
Losses  at  brush  faces,  362. 
core,  98. 
electrical   method   of  supplying, 

389. 
in  armature,  formula  for,  858. 
in  machines,  meas.  of,  £09. 
in  transformers,  446. 
comparative,  455. 
curves  of,  463. 
Lowell  mill  power,  table  of,  1464. 
Low  equivalent  U^tning  arrester. 

WW. 

resistance  detector,  1065. 

mess,  of,  59. 
tension  lamps,  569. 
voltage  A.C.  relay,  962. 

D.C.  relay.  961. 


Lubricants,  best  for  diif. 

1498. 
Lubrication,  1497. 

of  engines.  1413. 

of  motors,  navy  spec.  for.  1186. 
Lumen,  def .  of,  526.  6C2. 
Luminosity  of  inc.  lamps,  548. 
Luminous  flux,  5S9. 
Lununer-Brodhun  photomeAar,  538. 
Lumsden*s  method,  E.M.F.  off  batte- 
ries, 62. 

Btactalae  shops,  frlotJon  load  In, 

1523. 

Ughting  of,  597. 

men  employed  In.  1523. 

power  to  run,  1518. 
tools,  power  to  drive,  1515. 
Magasine  light  bozes,n.S.  navy,  1 171. 
Magnesium,  phys.  and  elec.  prop,  of, 

137. 
Magnet  coils,  correcting  length  of, 

table  of,  117-120. 
coils,  general  data  on,  852. 

heating  of,  127. 
cores,  design  of,  365. 
poles,  determination  off  nombar  of, 

355. 
windingi,  6eld,  369. 
wire,  res.  of,  table  of,  112. 
Magnetic  blow-out  lightningarrsster, 

987. 
circuit  in  dynamos,  baisnrfng  of, 
349. 

of  tiansfoimer  oore^  eqoation 
for,  446. 

principle  of,  109. 
density  of  transformer  eores,  447. 

of  field  magnet  cores,  365. 

of  armature  cores,  357. 

of  armature  teeth,  307. 

of  pole  faces,  calc.  of,  356. 
detectors,  1067. 
distribution,  curve  of,  340. 
fatigue  of  iron  and  steel,  455. 
flux,  definition  of,  4. 

formula  for,  109. 
field,  intensity  of,  4. 
force,  intensity  of,  106. 
gradient,  130. 
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Masnetio  induetion,  definition  cf,  4. 
value  of,  7. 
leakage  coefficients,  376. 

In  dynamos,  365. 
moment,  4,  7. 

permeability,  definition  of,  5. 
properties  of  iron,  89. 
resistance,  definition  of,  5. 

specific,  5. 
square   method,    determ.   magn. 

values  by,  93. 
susceptibility,  definition  of,  5. 
units,  definition  of,  4. 
symbols  of,  1. 
table  of,  7. 

values,  determination  of,  91. 
Magnetism,  residual,  def .  of,  108. 
Magnetite  arc  lamp,  570. 
Magnetization,  intensity  of,  4. 
of  electromagnets,  table  of,  111. 
curve  oi  dsrnamoe,  336. 
curves  of  D.C.  motor,  353. 
Magnetising  force,  definition  of,  4. 

value  of,  7. 
Magneto-generator,  oonstr.  of,  1078. 
Magnetometer      method,     determ. 

magn.  values  by,  91. 
Magneto-motive  force,  def.  of,  5, 108. 
value  of,  7. 
Magneto  potential  regulaton,  def.  of, 

503. 
Magneto  transmitters,  1071. 
Magnets,  excitation  oi  field,  365. 

field,  design  of,  364. 
Main  distributing  frames,  1104. 
Mains,  insulating  joints  in,  861. 
Maintenance  oi  Nemst  lamps,  564. 
Mance  method,  res.  of  batteries  by,61. 
Manganese,  effect  on  steel  of,  825. 

steel,  phys.  and  elec.  prop,  of,  137. 
Manganin  wire,  properties  of,  202, 

204. 
Manhattan  rail,  830. 
Manhole  oonstr.,  cuts  oi,  309. 

constr.  for  shallow  trenches,  319. 
improved  forms  of,  318. 
of    Niagara   Falls   Power   Co., 

319. 
objectionable  types  of,  318. 
cost  of,  5'  X  5'  X  7',  316. 


Manhole  covers,  oats  of,  318-315. 

def.  of,  301. 

estimating  cost  of,  317. 

of  conduit  Metropolitan  Railway, 
838. 
Manholes,  brick,  cost  of,  303. 

concrete,  cost  of,  303. 

cost  of,  table  of,  302. 

sixes  of,  302. 
Manila  rope,  data  on,  1492. 
Manipulation  of  coast  defense  guns, 

1134. 
Marble,  crushing  load,  1322. 

for  switchboards,  907. 
Market  wire  gauge,  use  of,  201. 
Mascart  electrometer,  39. 
Masonry,  1321. 
Master    controller,    multiple    unit 

system,  764. 
Material  per  mile  of  trolley  line,  643. 

required  for  one  mile  of  railway, 
628. 
Materials,  strength  of,  1301. 
Mats  burglar  alarm,  wiring  of,  295. 
Matthiessen's  copper  formula,  133. 

standard  of  conductivity,  132. 
Maximum  currmt,  A.  C.  windings, 
127. 

output  of  induction  motors,  308. 

value  of  E.M.F.  of  A.C.  current, 
404. 
Maxwell,  definition  of,  4. 

law  of  traction,  94. 

value  of,  7. 
Mean  current,  A.C.  windings,  127. 

effective  pressure,  table  of,  1442. 

hemispherical  candle-power,  def. 
of,  529. 

horiiontal  intensity,  529. 

length  per  turn  of  coil,  table  of, 
114-116. 

spherical  candle-power,  def.  of,  529. 

spherical     candle-power    of    are 
lamps.  580. 
Measure,  apothecaries*,  1600. 

avoirdupois,  1500. 

of  capacity,  1499. 

of  length.  1499. 

of  liquids,  1500. 

of  surface,  1499. 
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Meaaura  at  weighto.  troy,  1500. 
Meaflurementof  alteniating  currenta, 
20-28. 

of  capacity,  68. 

of  efficienoy,  S08. 

of  E.M.F..  62. 

of  ins.  res.  of  cables,  321. 

of  low  resistanoe,  59. 

of  mutual  inductance,  67. 

of  resistance,  56. 

c^  standard  ampere,  10. 

of  three-phase  power.  72. 
Measures,  metrical  equivaUnts,  150QL 
Measuring  inatrumects,  eleo.,  21. 

power  in  six-phase  circuits,  477. 
Mechanical    and    electrical    units, 
table  of,  1258. 

aiivgap,  363. 

equivalent  of  heat,  1511. 

interrupters,  1253. 

properties  of  rubber,  229. 

stoking.  1359. 

symbols,  1. 

units,  derived,  2. 
table  of,  6. 
Mega-erg,  value  of,  12. 
Megohm,  definition  of,  5. 
Melting  point  of  copper,  143. 

point  of  substances,  1632. 

railway  bonds,  773. 
Merouroua    sulphate    for    standard 

cell,  11,  13. 
Mercury  and  water  columns,  pres- 
sure of,  1463. 

arc  rectifiers,  480. 

for  battery  charging,  482. 

auto-ooherere,  1066. 

for  standard  cell,  11. 

pbjrs.  and  eleo.  prop,  of,  138. 

spec.  res.  of,  132. 

temperature  ooef .  of,  133. 

vapor  lamps,  558. 
Merrill  on  water  rheostats,  33. 
Mershon's    chart    for    oaloulating 

transmission  lines,  279. 
Mershon's  method,  meas.  of  wave 

form  by,  6  • 
Metalised  carbon  lamps,  549. 
Metal  joints  in  cables,  190. 

pipes,  effect  of  current  on,  852. 


Metallic  arc  lamp.  572. 

circuits  in  telephony,  1061. 

sheath,  capacity  of  two  wires  lo, 
250. 

sodium,  production  <tf,  1241. 
Metals,   phys.  and   eleo.    prop,  of 
table  of,  134-140. 

temperature  ooef.  of,  133. 
by  fusion  of,  1349. 
Meter  bearings,  1009. 

commutator  type,  D.C.,  997. 

Duncan,  998. 

hysteresis,  G.  E.  type.  102-104. 

Shallenberger.  1028. 

testing  formula,  1027. 

Westinghouse,  integrating,  008. 

Wright  discount.  1006. 
Meters,  action  of,  1039. 

constants  of,  1029. 

direct  current,  testing  of,  1020. 

electric,  accuraey  of,  997. 

graphic  recording,  1030. 

integrating,  action  of,  997. 

polyphase,  service  oonneotions  of, 
1023. 
testing  of.  1020. 

remedy  for  electrolysis  in.  801. 

speeds  of,  1029. 

switchboard,  list  of,  945. 

to  feet  or  inches,  1503. 
types  of,  504. 
Methods  of  lighting,  effimenoy  of, 

594. 
Metrical  measures,  1500  to  1504. 
Metropolitan   conduit  railway  sys- 
tem, 837. 

street  railway  system,  836. 
Mho,  value  of,  8. 
Mica  for  commutators.  351. 

puncturing  voltage  of,  234. 

spec.  ind.  cap.  of,  30,  227. 
Micanite,  spec.  ind.  cap.  of,  227. 
Micro-Farad,  definition  of,  5,  38. 
Micron*  1600. 

Miles  per  hour  in  feet  p^  min.,  MO. 
Miliihearys  of  noo'^iiagnetlo  win, 

241. 
MilUken  repeater,  1041. 
Milling  machines,  power  required  by, 
1522. 
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Milllvoltmeter,  meas.  of  oond.  with. 
87. 
znethod,  meas.  of  currant  by,  78. 
meas.  small  res.  with,  79. 
Mill  power.  1462. 
Mils  to  oentixneters.  1608. 
Mineral  oils.  1497. 
Miner's  inch.  1473. 

water  H.P.  table.  1475. 
Mines,  electric  land,  1137. 
Minimum  sise  of  high-tension  con- 
ductors, 235. 
Mirror  galvanometer.  23. 

spec.  ind.  cap.  of.  36. 
Miscellaneous  tables.  1499. 
Modulus  of  elasticity,  1302.  1312. 
of  elastic  resilience,  1312. 
of  rupture  of  woods,  1317. 
Mohawk  type  locomotive,  740. 
Moisture  in  steam,  1394. 
Molecular  magnetic  friction,  meas. 

of,  50  . 
Moment,  magnetic,  4. 
of  inertia,  1302. 

compound  shapes  of,  1303. 
table  of,  1304. 
of  resistance,  table  of,  1304. 
of  rupture  of  beams,  1309. 
of  stress  of  beam,  max.,  1309. 
Momentum,  definition  of,  3. 
Monolithic  conduits,  des.  ai,  301. 
Moonlight  schedules,  603. 
Moore  tube,  efficiency  of,  566. 

vacuum  tube  light,  565. 
Mortar,  cement,  1293. 

lime,  1293. 
Mortals,  1293. 
Morse  code,  1052. 

system,  description  of.  1040. 
Motive  powers.  864. 
Motor  brushes,  backward   lead  of, 
353. 
capacity  curves,  railway,  676. 
oar  batteries,  electrolyte  for,  877. 
dimensions  of,  table  of.  732. 
horse-power  of,  653. 
characteristics,  685. 
combinations,  760. 
control.  Ward  Leonard's  system, 
354. 


Motor  oonverter,  def .  of,  503 . 
definition  of,  502. 
equipments,  weights  of  A.C.,  719. 
field  magnets,  flux  in,  367. 
-generator,  definition  of,  50  . 
-gmerators,  434. 
-generator  tumt  turning  system, 

1189. 
men,  personal  factor  of,  724.  . 
operated  oil  break  switch,  G.  & 

type,  976. 
panel,  D.C.,  equipment  of.  928. 
panels,  induction,  equip,  of,  918. 

three-phase  synchronous,  equip, 
of,  919. 
regulation,  test  for,  382. 
rotraction,  gun  operation,  1134. 
tests,  «Sv4. 

traversing,  gun  operation,  1134. 
work,  variable  speed,  system  for. 

354. 
Motors  and  dynamos,  tests  of,  378. 
automobile,  1227. 
boat  crane,  Navy  spec.  for.  1194. 
circuit  breakers  for,  capacity  of, 

955. 
controlling  panels  for  Navy  spec. 

for,  1185. 
counter  E.M.F.  in  armatures  of. 

353. 
efficiency  curve  of,  370. 

of.  Navy  spec,  for,  1185. 

of  railway,  803. 

tests  of,  395. 
electric  railway,  614. 
G.E.  railway  system,  851. 
induction,  starting  of,  918. 
ins.  res.  of,  meas.  of,  87. 
lubrication   of,    Navy   spec,   for, 

1185. 
magnetisation  curve  of  D.C.,  353. 
Navy  spec,  for,  1183. 

railway  windings  of  armatures 
for,  348. 
rating  of  railway,  523. 
rise  of  temperature  in,  378. 
street  railway,  rating  of,  661,  673. 
synchronous,  tests  of,  399. 

used  as  condensers,  292. ' 
temp,  rise  of.  Navy  spec,  for,  1184. 


1670 


INDEX. 


llotoiB.  t«Bt  of  street  oar,  302. 
torque  of  armatures  of,  353. 
used  to  drive  madiine  tools,  1518. 
ventilation  fan,  Navy  spec,  for, 
1196. 
Moving  body  on  air  rasistanoe,  effect 
of,  659. 
-coil  galvanometerB,  21. 
.  des.  of,  25. 
•  -needle  galvanometers,  21. 
Multicellular   voltm*fter,    cap.    test 

with,  326. 
Multi-oircuit     single     winding     of 
armature,  342. 
-contact  transmitterB,  1072. 
-phase    transformers    vs.    single- 
phase,  871. 
-polar  machines,  armature  wind- 

ingi  for,  345. 
-speed  motors,  def.  of,  504. 
Multiple  circuits,  current  in,  55. 
circuits,  res.  of,  55. 
conduits,  adv.  of,  301. 
connection  of  altematorB,  420. 

of  battmies,  19. 
control,     A.C.     railway    system, 
710. 
unit  switch  system,  766. 
duct  conduit,  oonstr.  of,  301. 
switchboards,  1090. 
telephone  system,  adv.  of,  1094. 
unit  control,  Q.E.  type,  712.  761. 
Multiplex  armature  windings,  347. 
telephony,  1106. 

three-phase     lightning    arrester, 
988. 
Multiplier,  Y-box.  Weston,  73. 
Multiplying  power  of  shunt,  29. 
Murray's  method,  locating  faults  in 

cables  by,  328. 
Mutual  inductance,  def.  of,  236. 
Inductance,  meas.  of,  67. 

seoohnmieter  method,  69. 
induction,  transposition  to  elimi- 
nate. 285. 
neutralisation    of     capacity    and 
inductance,  292. 

BlAtl«asi1    coast    defense    board, 
reoomm.  of,  1123. 


National  Electrical  Code,  standard 
conductors,  table  d,  162. 
Electrical     Oontraeton'     Assoc, 
symbols  adopted  by,  299. 
Natural  draft  tranaformera,  448. 
Navy  electric  fuse,  1137. 
generating  sets,  1153. 
special  lamps,  1173. 
specifications,  1153. 
standard  wires,- table  of,  174. 
telephone  systems,  1206. 
U.  S.,  electricity  in,  1153. 
wiring  specifications,  1167. 
Neatsfoot  oil,  spec.  ind.  cap.  of,  37. 
Needle  point  spark  gap  curve,  233. 
Negative  booster,  790. 
Nemst  lamps,  descr.  of,  562. 

rating  of,  540. 
Ness  telephone  switch,  1118. 
Neutral,  grounding  of,  478. 

unstable,  479. 
Neutralisation     oi     capacity     and 

inductance,  292. 
Newburg^  telephone  syst«m,  1103. 
New  York  central  locomoti\'eB,  74L 
Central  third  rail,  834. 
City,  electrolysis  in  lower,  858. 
lighting  table  for,  604. 
Niagar»-Buffalo  Line,  arraagemsot 
of,  290. 
Falls  Power  Co.,  manhole  oonstr. 
of.  319. 
Nickel,   ph3rs.   and   elec.  prop,  of, 
138. 
plating.  1234. 
spec.  res.  of,  132. 
steel,  phys.  and    dec.  prop,  of, 

138. 
temperature,  coef.  of,  133. 
Nickeline,  phys.  and  eleo.  prop,  of, 

138. 
Night  sights,  electric,  1148. 
Nitrates  in  electrolyte,  test  for,  878 
Nitric  acid,  spec.  res.  of,  133. 
Nitrous  oxide,  spec.  ind.  cap.  of,  35. 
Noark  fuses.  1276. 
Non-arcing  lightning  arrestars,  984. 
metal  lightning  arrester,  989. 
Tailway  lightning  arrester.  98& 
Non-inductive  load,  def.  of,  SO*, 
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Non-inductive   load,    regulation    of 
transformer  for,  492. 
-magnetic  wires,  ind.  reactance  of, 

table  of.  242. 
-magnetic  wires,  self-induction  in, 

239. 
-reversible  booster,  use  of,  893. 
sine  wave,  equivalent  of,  601. 
Northrup  instrument,   des.  of.   26, 
28. 
method,  conductivity  by,  60. 
meas.  ins.  res.  by,  82. 
Notation,  A.I.E  J:.,  '523. 
eommittee  on,  table  by,  6. 
index,  2. 

used     in     dynamo     and     motor 
section,  834. 


!•«  spec.  ind.  cap.  of,  37. 
Ootylene,  spec.  ind.  cap.  of,  37. 
Oersted,  definition  of,  5. 

value  of,  7. 
Office  building  plant,  economy  of, 

1285. 
Ohm,  definition  of,  5. 

international,  construction  of,  30. 

def .  of.  9. 
per  mil-foot,  def.  of,  131. 
value  of,  7,  8. 
Ohmic  resistance  of  storage  cell,  883. 
Ohmmeter,  direct  reading,  57. 

Sage  type,  58. 
Ohm's  law,  55. 
Ohms,  value  of  various  standard, 

131. 
Oil  and  coal,  comparative  costs  of, 
1358. 
break    switch.   General   Electric 

motor  operated,  976. 
drouit  breaker,  controller,  975. 
breakers,  arrangement  of.  935. 
breakers,  Westinghouse,  969. 
-cooled    constant   current    trans- 
formers, 465. 
transformers,  448. 
flash  test  of  transformer,  500. 
for  lubrications,  1497. 
for    transformers,    specifications 

for,  500. 
fai  transformen,  use  of,  448. 


Oil  switch.  General  Electric,  979. 
switches,  arrangement  of,  933. 
hand      operated,      electrically 

tripped,  979. 
operation  of,  967. 
specifications  for,  947. 
use  (tf,  912. 
weight  per  gallon  of,  1497. 
Olive  oil,    spec.    ind.   cap.   of,   37, 

227. 
Open  cars,  weight  of.  736. 

circuit    A.C.    armature   winding, 

410. 
circuit  cells,  15. 
Open  circuit  in  armature,  test  for, 
402. 
wire  circuits,  1082. 
Operating    cost    of   gas   and   elec. 
cooking,  1260. 
cost  of  lamps,  554. 
elec.    cooking    utensils,    cost    of, 

1261. 
elec.  heaters,  coet  of,  1265. 
Opposition  method  of  testing  trana* 

formers,  496. 
Order  indicators,  U.  S.  Navy.  1202. 
Oscillating    current,    definition    of, 

502. 
Oscillations,  electrical,  1055. 
in  ether,  1278. 
undamped,  1068. 
Oscillator,  dumb-bell  type,  1056. 
Oscillograph,  Blondel  type.  Si. 
Outer  rail,  elevation  of,  617. 
Outflow  of  steam,  1416. 

into  atmoephere,  1416. 
Output  of   dynamos,   formula  for* 
356. 
oi  motors,  test  of,  395. 
Outward  flow  turbines,  1476. 
Over-compounded  dynamo,  charac- 
teristic of,  340. 
Overhead  lines,  drop  in,  798. 
lines,  transposition  of,  285. 
railway  conducting  system,  785. 
trolley     construction,     cost     of, 

629. 
wires,  capacity  of,  250. 
Overland  wires,  breaks  in,  locaUon 
of,  327. 


1672 


INDEX. 


Overioad  A.C.  relay,  062. 

capadties.  521. 

eapacity,  test  of,  381. 

dreuit  breakers,  800,  060. 

guarantees  for  madliines,  047. 

relay,  Westinghouse  A.C.,  062. 
Overshot  water  wheels,  1476. 
Overspeeding  of   rotaries,   preven- 
tion of,  061. 
Over-voltage   rday,    Westinghoufle, 

D.C.,  062. 
Dsokerite,  spec.  Ind.  cap.  of,  37,  227. 


of  transmitters,  1074. 
Painting,  1408. 

exposure  tests,  1408. 
Palladium,  phjrs.  and  elec.  prop,  of, 

138. 
Pan-cake  form  of  winding,  410. 
Panel  switchboards,  design  of,  006. 
Panels,  motor  controlling,  navy  spec, 
for,  1186. 
rotary  ooDverters,  equipment  of, 
024. 
Paper     insulated     cables,  carrying 
capacity  of,  208. 
cables,  joints  in,  101. 
tables  of,  17^178. 
telephone  cables,  188. 
Paper,  spec.  ind.  cap.  of,  36,  227. 
Parabolic    curves    in    wire    spans, 

charts  of,  218. 
ParaflSn,  spec.  ind.  cap.  of,  36,  227. 
Parallel,  condensers  in,  63,  324. 
D.C.    distribution,    sise  of    oon- 

ductora  for,  284. 
distribution,  277. 
-flow  turbines,  1476. 
running  ci  alternators,  410. 
Para  rubber,  electrical  properties  of, 

220. 
Parson's  steam  turbine,  1463. 
Party  lines,  demand  for,  1102. 

telephone  lines,  1108. 
ParvilU   method,    electric   heating, 

1257. 
Passenger  elevators,  operating  cost 

oi,  1628. 
Pasted    electrode    battery,   advan- 
tages of,  880 


Pasted  plates  of  storage  cells,  880. 
Patent-nickd    wire,    properties    oi, 

202.  . 
Pavement,  cost  of,  610. 
Paving,  cost  of.  805.  610. 

depredation  of,  770. 
Peak  discharge  of  batteries,  S88. 

of  load,  batteries  to  carry.  886. 
Peggendorff  edl,  14. 
Penstocks,  constr.  of,  860. 
Pentane  standard  lamp.  530. 
Percentage  conductivity,  132. 

drop,  discussion  of,  282. 
Performance   diagram,    train.    663, 

667. 
Permanent  magnetism,  def .  of,  108. 

magnet  voltmeters,  74. 
Permeability  curve  of  arc  dsmamo. 
338. 
curves  of  iron  and  steel,  00. 
ci  iron  and  steel,  80. 
value  of,  7. 
Permeameter,  Drsrsdale's,  use  ot,  07. 

Thompson*8  use  of,  93-06. 
Peraonal  factor  of  motormeo,  724. 
Petroleum,  chemical  composition  of, 
1356. 
furnaces,  1357. 

oil,  spec.  ind.  cap.  of,  37,  227. 
oils,    chemical     composition    of, 
1357. 
Phaae-displadng  apparatus,  512. 
Phase  difference,  def.  of,  501. 
I^iladelphia    Inspection  Rules  for 

boilers.  1332. 
Phillip's  code,  1052. 
Phoenix  rule  for  Ins.  res.,  86. 
Phonograph  in  telephony,   use  of, 

1006. 
Phosphor-bronie,    Tphya.    and    dee. 

prop.  of.  130. 
Photo-chronograph,  Squire^^rehore, 

1133. 
Photometer,  Bunsen  type,  535. 
Photometers,  integrating  t3rpe,  539. 
Physical  constants  of  copper  wire. 
143. 
prop,  of  alloys,  table  of.  134-140. 

of  metals,  table  of.  134-140. 
quantities,  table  of,  6. 
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unit,  30. 
Piles,  arrangement  of,  1292. 
foundation  on,  1291. 
safe  load  on,  1291. 
Pilot  brush,  use  of,  340. 
Pipe  bends,  1431. 

covering,  relative  value  of.*  1422. 
flanges   and   bolts,   strength    of, 
1431. 
dimensions  of,  1430. 
high  pressure,  screwed,  1430. 
high  pressure,  shrink,  1432. 
standard,  1433. 
iron,  eleo.  welding  of,  1272. 
lines,  oonstr.  of,  369. 
riveted  hydraulic,  wt.,  safe  head, 
1469. 
Pipes,  diam.  of  steam  and  exhaust, 
diagram  of,  1419. 
dimensions  of  riveted  steel,  1467. 
equation  of  gas,  1418. 

of  steam,  1418. 
formula  for  riveted  steel,  1467. 
friction  of  water  In,  1374. 
loss  of  head  due  to  bends  in,  1374. 
riveted  steel.  1466.* 
aises  for  feed- water,  1373. 
of  steam  and  gas,  1419. 
standard    dimensions    of     extra 

strong,  1427. 
standard  dimensions,  of  wrought 

iron,  1419. 
thawing  by  electricity,  1531. 
wooden-stave,  1468. 
E^fNng,  steam,  U.  8.  navy  spec,  for, 

1163. 
Pitch,  specific  inductive  capacity  of, 

227. 
Planers,  power  required  for,  1516. 
Plants  cell,  advantages  of.  880. 
Plate  .box  poles,  632. 
glass,  spec.  ind.  cap.  of,  36. 
surface  for  batteries,  area  of,  883. 
Plates,  appearance  of  battery,  874. 
buckling  of,  881. 

of  batteries,  cadmium  test  of,  878. 
safe  working  prssure  for  flat,  1332. 
types  of,  874. 
Plating  baths.  1233. 


Platinoid,  fusing  effect  of  currwit  on, 
217. 

phys.  and  elec.  prop,  of,  139. 

wire,  properties  of,  202. 
Platinum,  fusing  effect  of  current  on, 
217. 

in  electroljrte,  test  for.  877. 

phys.  and  elec.  prop,  of,  139. 

silver  wire,  properties  of,  202. 

spec.  res.  of,  132. 

standard  of  light,  532. 

temperature  coef.  of,  133. 

wire,  properties  of,  202. 
Plow,  metropolitan  street  railway, 
839. 

suspension,  840. 
Plug  tube  switches,  965. 
Plimger  electromagnet,  law  of,  127. 

electromagnets,  shapes  of,  128. 

magnets,  range  of,  130. 
Pneumatic  tires,  data  on,  1225. 
Poggendorff  method,  comparison  of 

E.M.F.  by,  77. 
Polar  arc,  chord  of,  values  of,  371. 

duplex,  1044. 

relay,  use  of,  1044. 
Polarity  of  transformer,  495. 
Polarization,  d^.  of,  14. 

of  storage  cell,  879. 

of  X-rays.  1248. 
Polarized  bells,  biased.  1103. 

oonstr.  of,  1076. 

use  of,  1114. 
Pole  face,  dimensions  of,  363. 

faces,  shape  of,  356. 

line  construction,  630. 

lines  for  hi|^  tension  work,  ^71. 

pieces,  faces  of,  363. 

transpositions,  1082. 

unit  strength  of,  4. 
Poles,  determination  of  number  of, 
355. 

of  induction  motor,  426. 

plate  box  type,  632. 

use  of  green  wooden,  806. 

wooden,  contents  of,  633. 
Poljrphase        apparatus,        c'  -cult 
breakers  for,  953. 

generator,  def .  of,  502. 

induction  motor,  theory  of    ■192. 
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Polyphaae  induotion  motor,  power 
of.  423. 
starting  torque  of,  423. 
induotion  wattmeters,  1003. 
integrating  wattmetetB,  1004. 
lines,  transposition  of,  287. 
meters,  connections  of,  1026. 
constants  of,  1081. 
installation  of,  1023. 
service  connections  of,  1023. 
testing  of,  1020. 
motor      protected      by       circuit 
breakera,  964. 
Porcelain,  spec.  ind.  cap.  of.  37,  227. 
Portable     integrating     wattmeters, 
data  for,  1016. 
sub-station,  819. 
telephone  switchboard,  1141. 
testing  battery,  16. 
Portland  cement,  wt.  of,  1293. 
Position  indicators,  U.S.  navy,  1202. 
Post-office  wheatstone  bridge,  31 . 
Potassium  chlorate,  production  of, 
1242. 
cyanide,  production  of,  1246. 
use  of,  1233. 
Potential  betw.  plates  of  batteries, 
test  of,  878. 
drop  in  feeders,  788. 
energy,  3. 

measurement  of,  40. 
regulator,  three-phase  induction, 

469. 
ragulators,  467. 
def.  of,  503. 
rise  due  to  transformers,  479. 
transformers,  deser.  of,  945. 
Potentiometer,  des.  of,  47. 

method,  E.M.F.  of  batteries,  63. 
use  of,  47. 
Pound,  1499. 
calorie,  1511. 
-degree,  C.  value  of,  12. 
Power   ammunition    hoists,    U.    S. 
navy,  1191. 
and  light  cables,  320. 
Ayrton  and  Sumpner  method  for 

meas.  A.C.,  71. 
carrying  capacity  in  three-phase 
cables,  216. 


Power  circuits,  rss.  of,  meas.  of,  80l 
consumption  in  factories.  1517. 
consumption  of  oan«  658. 
curve  for  railway  motors,  609. 
curves,  altem.  current,  70. 

for  reducing  ooet  of,  888. 

for  trolley  cars,  652. 
definition  of,  3. 
distribution,  disrussion  of,  262. 

system,  A.C.  railway,  718. 
electric,  def.  of.  5. 

meas.  of,  50  ■ 
factor  compensation,  1002. 

def.  of,  279,  50  . 

in  three-phase  drcuita,  72. 

of  transfoimen,  458. 

varied  by  use  of  synehr.  moton, 
292. 
for  can,  656. 
house,    eleotrolytlo   action    nesr. 

862. 
.  in  altem.  drouit,  meas.  of,  69. 
in  six-phase  cirouita,  477. 
international  unit  of,  10. 
li^t  and  heat,  in  residencea,  oost 

of,  1287. 
light  and  heat  in  isolated  plaoti. 

oost  of,  1286. 
lines,  transposition  of,  285. 
loss,  formula  for,  265. 

in  lead  sheath  of  cabies.  293. 

in  line,  261. 
mechanical,  meas.  of,  50:. 
of    polyphase    induotion    motor, 

423. 
of  water  flowing  in  a  pipe,  1462. 
-operated  switchboards,  906. 
plants,   chimney  proteotioa  for, 

1281. 
plants,  lightning  acresten  in,  98S. 
required  for  automobiles,  12M. 

for  electric  cranes,  1527. 

for  maehine  tools,  1516. 

for  street  railways,  656. 

to  drive  maohineiy,  1515. 
station    constniotion,    cliart   of, 
1289. 

depredation  of,  770. 

design  of,  866. 

effidency  of  madiiaes  in,  60. 
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Power  station  for  railways,  815. 
syBtem,  U.  S.  Navy,  11S3. 
threo-phaae,  meas.  of,  72. 
to  drive  madiine  shops,  1518. 
transmission,  classif.  of,  864. 
losses  in,  1529. 
transformers   for    three  phase, 

478. 
voltage  for,  870. 
used  by  machine  tools,  1515. 
Preliminary     dynamo    dimensions, 

checking  of.  363. 
Prepajonent  wattmeters,  1010. 

wattmeters.  Fort  Wayne,  1012. 
Pressure  gradients,  descr.  of,  283. 
drop     in     i)arallel     distribution 

system,  279. 
drop,  formula  for,  264. 
mean  effective  steam,   table  of, 

1442. 
of  water  to  1000  ft.  head..  1465. 
working,  for  cylindrical   shells  of 
boilers.  1330. 
Prevention  of  electrolysis,  861. 
Primary  batteries,  action  of,  14. 
Primer  for  gun  firing,  1213. 
Principle  of  magnetic  circuit,  109. 
Printing  machinery,  power  to  run, 
1525. 
plants,  electric  heat  in,  1260-1270. 
Private  telephone  lines,  1088. 
Production  of  metab,  1232. 
Projectiles,  velocity  of,  test  of,  1128. 
Projectors,  search  light,  576. 

U.S.  Navy,  1179. 
Prometheus  system,  electric  heating* 

1267. 
Prony  brake,  formula  for,  1515. 

test.  395. 
Propagation  of  waves.  1058. 
Properties  of  aluminum  wire,  194. 
of  dielectrics,  227. 
of  galv.  iron  wire,  34. 
of    saturated    steam,    table    of, 
1404. 
above  a  vacuum,  1406. 
of  wires  and  cables,  131. 
Propulsion,  electric,  Leonard's  sys^ 

tem  of,  354. 
Protected  third  rail,  cost  of,  835. 


Protection  against  high  potentials 
on  A.C.  circuits.  981. 

(tf  buildinsi  from  lightning.  1289. 

of  chimneys,  1281. 

of  steam  heated  suifaoes,  1421. 

of  transformexB  against  fira,  871. 

relays,  table  of,  960. 
Protective  relays,  956. 

wires,  use  of,  982. 
Protectors,  telephone,  1088. 
Puffer's    modification    of    Kapp's 
dynamo  test,  389. 

test  of  street  oar  moton,  392. 
Pulleys.  1487. 

rules  for,  1487. 

to  find  sise  of,  1487. 
Pull  of  electromagnets,   curves  oi, 
129. 

of   electromagnets,   formula   for, 
110. 

-off   curve   construction,  hangers 
for.  647. 

on  armature  conductors,  formula 
for,  351. 
Pulsating  current,  definition  of,  50.. 
Pulsation,  def.  of,  50G. 
Pump  exhaust,  1377. 
Pumping  back  test  of  motors,  397. 
test  of  two  dsrnamos,  388. 

hot  water,  1367. 
Pumps.  1367, 1443. 

air,  1445. 

and  condensers,  1443. 

double  cylinder,  sixes  of,  1370. 

circulating,  1445. 

single  cylinder,  sixes  of,  1369 

sixes  of  direct-acting,  1368. 
Puncturing  voltage  for   dielectrics, 
228. 

voltage  of  mica,  234. 
Pupin  telephone  system.  1107. 

C^aadmat  electrometer.  40. 
Quadruplex  telegraphy,  1051. 
Quality  of  light,  600. 

of  steam  by  color  of  issuing  jet, 

1400. 
Quantity  oi  electricity,  def.  of,  5. 

meas.  of,  25. 

symbol  of,  8. 
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Quantity  of  electricity,  unit  of,  4. 
Quarts,  spec.  ind.  cap.  of,  37. 
Quick  break  switches,  964. 


a  brick,  bond  in,  1340. 

for  chimneys,  1341. 
telephone  system,  1117. 
Radiation,  laws  of,  528. 
of  heat  in  ducts,  214. 
Radiators  and  oonveetors,  1263. 
Radiosoopio  images,  examination  of, 

1255. 
Radius  of  curvature,  616. 
of  gyration,  1303. 

compound  shapes,  1308. 

tableof  least,  1304. 
RaU  bonds,  testing  of,  801. 
curvature,  616. 
joints,  testing  of,  801. 
Potter  type,  830. 
testen  802. 
welding,  electric,  1273. 

thermit  system,  778. 
Rails  and  bonded  joints,  rel.  value 

of,  780. 
electrolytic  action  on,  855. 
impedance  of  steel,  795. 
ingredients  of,  780. 
rssistance  of,  821. 
specifications  for,  830. 
weight  of,  615. 
Railway  booster  calculations,  809. 

system,  807. 
bonds,  requirements  for,  775. 

types  of,  772. 
circuits,  drop  in,  796. 

testing  drop  in;  804. 

tests  of,  798. 
conductors,  dimensions  of,  791. 
conduit  systems  of,  835. 
depreciation,  table  of,  770. 
electric,  system  of  operating.  613. 
energy  of  electric,  706 
equipments  compared,  719. 

weights  of,  730. 
machinery,  depreciation  of,  770. 
motor  characteristics,  685. 

combinations,  760. 
motors,  614. 

A.C.  type,  707. 


Railway  moton,  armature  windiaff 
of.  348. 
capacity  of.  673. 
chamcteristic  curves  tor^  664. 
^icimicyof.803. 
installation  of.  745* 
rating  of,  523. 
seleotion  of,  521. 
speed-time  curve  for.  000. 
standard  sises  of,  729. 
test  of.  397. 
temperature  of.  675. 
torque  of,  731. 
non-ardng    lightning      arrestees, 

985. 
overiiead  eondiwton,  785. 
power  station,  815. 
service  boosten,  813. 
shop,  power  required  in  ideei, 

1521. 
speed  and  energy  curves,  080. 
sub-stations,  equipment  of,  042. 
system,  load  factor  of,  785. 
ties,  durability  of.  610. 
turnouts,  620. 
Rake  of  poles,  633. 
Range  finder,  Fiske,  1211. 
finders,  lights  for,  1148. 
indicatora,  U.  8.  Navy.  1204. 
of  carbons,  577. 
of  solenoids,  130. 
Rape-seed  oil,  spee.   ind.   cap.  of, 

87. 
Rapid    fire  guns,  firing  mechanism 

for,  1149. 
Rated  terminal  voltage,  def.  of,  515. 
Rate  of  acceleration,  666. 

of  deposit,  1235. 
Rates,  gas  and  electric,  oomparison 
between,  1261. 
of  charge  of  batteries,  883. 
of  discharge  of  batteries,  883. 
of  storage  batteries,  874. 
Rating  of  fuse  wires,  507.  1275. 
of  generators  or  motors,  506. 
of  illuminants,  540. 
of  railway  motors,  661,  673,  729. 
Ratio  of  transformers  in  three'^>hase 
system,  471. 
test  of  transfonaer.  491. 
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Rayleigh*8     method,     E.M.F.     of 

batteries,  62. 
Beaotanoe   coil   for   A.C.    arc    cir- 
cuits, 466. 
factoTB,  table  of,  266. 
cf     three-phase    line,    inductive, 

245. 
of  transmission  cirouits,  238. 
B3rznboI  of,  8. 
-voks  for  A.C.  lines,  280. 
Heaction   of  alternator  armatures, 
414. 
of  armatures,  350,  364. 
Seaotive  ooils,  use  of,  982. 

factor,  del.  of,  505. 
Reactors,  def .  of,  503. 
!Reading,  illumination  for,  602. 
Receiver,  Bell  telephone,  1070. 
capacity,  1443. 
with  detector,  1065. 
Receivers,  coherer  with  jigger,  1064. 

wireless  telegraph,  1063. 
Recording  meters,  Bristol,  1036. 
wattmeters,  Duncan,  1000. 
G.  E.,  testing,  1030. 
Thomson,  908. 
Records  of  temperature  test,  381. 
Rectifying    appcuratus,     losses     in, 

meas.  dT,  512. 
Reduced  deflection  method,  res.  of 

batteries  by,  60. 
Reed  method,  electric  heating,  1257. 
Refined  iron,  qualities  of,  824. 
Refineries,  copper,  1238. 
Refining  ef  copper,  1235. 
of  metals,  1232. 
of  silver,  1238. 
Reflecting     galvanometer,     Kelvin 

type,  23. 
Reflections,  coefficients  of   table  of, 

593. 
Regulating  battery,  888. 
devices  for  induction  motors,  428. 
reactance  coil,  466. 
relays,  956. 
Regulation,  importance  of,  545. 
of  arc  lamps,  576. 
of  dynamos,  test  for,  382. 
of  generators,  870. 
of  electrical  machines,  513. 


Regulation  of  transformers,  458. 
by  calculation,  492. 
comparative,  455. 
table  of,  498. 
test  of,  491. 
of  voltage  of  transformers,  452. 
R^ulations  of  Board  of  Trade,  781. 
Regenerative  X*ray  tubes,  1251. 
Regulators  for  A.C.  generators,  409. 
for  separate  circuits,  469. 
of  potential,  467. 
three-phase  induction    potential, 
469. 
Reinforced  concrete,  1292. 
Relative  conductivity,  132. 

efficiency  of  large  and  small  trans- 
formers, 459. 
Relay,  General  Electric  A.C.  over- 
load, 961. 
low  voltage  A.C,  962. 

D.C.,  961. 
overload,  A.C,  962. 
over-voltage,  D.C,  960. 
reverse-phase  A.C,  962. 
underload  D.C,  962. 
Westinghouse  A.C.  overload,  962. 
D.C  over-voltage,  962. 
time  limit,  960. 
Rela3rs,  auxiliary,  956. 
classification  of,  955. 
commonly  employed,  960. 
definite  time  limit,  956. 
instantaneous,  956. 
inverse  time  limit,  956. 
protection  of  A.Csystems  by, 959. 
protective,  956. 
regulating,  956. 
reverse  current,  961. 
signalling,  955. 
Reliability  of  service,  switchboards 

built  to  insure,  929. 
Reluctance,  definition  of,  5. 

value  of,  7. 
Reluctivity,  definition  of,  5. 

value  of,  7. 
Remedies  for  electroljrsis,  861. 
Remote  control  panel  switchboard, 
906,928. 
control  switches  for  equalizer  cir- 
cuits, 962. 
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Removal  from   service   of  storase 

batteries,  881. 
Renewals  of  lamps.  S47,  556. 
Repeater,  Atkinson,  1048. 

duplex,  1049. 

Ghegan,  1042. 

Hilliken,  1041. 

Weiny^PhiUlpe,  1043. 
Repeaters,  use  of,  1041. 
Repulsion  motor,  def .  of,  502. 
Reservoirs,  storage.  867. 
Residantial  plant,  cost  of  maint.  ^f, 

1287. 
.  plant,  installation  of,  897. 
Residual  magnetism,  def.  of,  108. 
Resin,  spec.  ind.  cap.  of,  37. 
Resistance  box,  decade  type,  32. 

control  of  battery  discharge,  891. 

curves  on  air,  659. 

definition  of  unit  ci,  5. 

due  to  gravity,  1224. 

for  arc  lamps,  581. 

hi|^  voltmeter,  75. 

In  overhead  lines,  798. 
retunis,  798. 

in  lotor  of  induction  motors,  428. 

In   stator  of    induction    motors, 
429. 

low,  meas.  of,  59. 

magnetic,  definition  of,  5. 

meas.  of*  with  ohmmeter,  57. 
with  volt  and  ammeter,  78, 

measurements,  56. 

of  A.C.  circuits,  259. 
conductors,  eflFeotive,  238. 

of  aerial  lines,  61. 

of  aluminum  wire,  194,  196. 

of  armature,  meas.  of,  401. 

of  batteries.  60. 

of  bonds,  776. 

of  brushes,  362. 

of  cables,  meaa.  of,  830. 

of  carbons.  577. 

of  cells,  internal,  20. 

of  conductors,  61. 
table  of,  266. 

of  copper  wire,  table  of,  148. 

of  dilute  sulphuric  add,  1229. 

of  Driver-Harris  wire.  207. 

of  field  coils,  meas.  of,  401 
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Resistance  of  galvanomeCan.  flO. 

of  German  silvw  wire,  203. 

of  gutta-percha.  281. 

of  house  circuits,  61. 

of  light  and  power  cirooits, 
insulation.  80. 

of  multiple  eircuito,  55. 

of  plating  bath,  1235. 

of  rails,  821. 

of  steel,  825. 

of  storage  batteries,  883. 

oi  stranded  aluminum  wire,  tabh 
of.  198. 

oi  sulphate  of  copper,  sine,  1231. 

of  track  rails,  779. 

of  transformer,  meas.  of,  486. 

of  trolley  and  track.  798 

of  water  rheostats,  33. 

of  wiring  sjrstem,  insulatioin,  8^ 

of  working  batteries,  61. 

practical  standard  of,  30. 

specific,  131. 
magnetic.  5. 

symbols  of,  7. 

table  of  galv.  iron  wire.  34. 

temperature  coefficient,  138. 

to  traction,  1225. 

type  furnace.  1244. 

unitof,  4, 131. 

variation  with  tempenture  of,  228. 

-volts  for  A.C.  lines.  280. 

wires,  properties  of,  202. 
Resistances,  high,  meas.  of,  79. 

small,  meas.  of,  79. 
Resisting  moment  of  beams,  1308. 
Resistivity,  definition  of,  9. 

ssrmbol  of,  8. 
Resonance,  curves  of,  1216. 

theory  of,  1215. 
Retardation,  rate  of,  068. 
Retentiveness,  def.  of,  108. 
Retraction  motor  for  gun  operation, 

1134. 
Return  booster  system,  806. 

call  bell  system,  293. 

circuit,  771. 

current,  division  of,  80O. 

drop  of  ground,  test  of,  799. 
Returns,  drop  In,  798. 

regulation  for  railway,  781. 
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Rercne  oaitent  drouit  breaker,  950. 
ourrent  relay.  961. 
-piuwe  A.C.  relay,  962. 
Revers^r,  multiple  unit  eyatem,  762. 
Reveruble  booeter,  uae  of,  894. 
Reyersins  current  in  annatures,  351. 
Revolution  indieatora,  U.  8.  Navy, 

1204. 
Revolving  field  alteraatore,  409 
Rheostatic  controller,  754. 
oontroUeri,  list  of,  766. 
Rheoetate,  temperature  liee  in,  520. 

water,  33. 
Right  of  way  for  pole  lines,  871. 
Ring  armature,  windings  of,  342. 
down  trunks,  1096. 
method,  detenn.  magn.  values  by, 

91. 
tyxie  armatures.  841. 
Ringing  keys,  1090. 
Rise  and  grades,  617. 

of  potential  due  to  transformers, 

479. 
of  temperature  in  armatures,  349, 
358. 
of  commutator,  362. 
in  dynamos,  test  of,  378. 
in  fieM  coils.  352. 
in  transformers,   test  of,  483, 

401. 
in  transformers,  447,   498. 
meas.  of,  518. 
U.  8.  Navy  generatoFB,  1158. 
Ritchie's  photometer,  586. 
Riveted  bonds,  774. 
Roadbed,  depreciation  of,  770. 
Road  surface  material,  1225. 
Rock,  foundations  on,  1290. 
salt,  spec.  ind.  cap.  of,  37. 
Rodding  of  cables,  319. 
Rod  float  gauging,  theory  of,  1471. 
Rods,  lightning,  installation  of,  1278. 
Roebling  gal  v.  telegraph  wire,  prop- 
erties of,  200. 
steel  telegraph  wire,  properties  of, 

201. 
wire  gauge,  141. 
Rolling     stock,     depreciation     on, 

770. 
Room  lighting,  data  on,  597. 


Rope  driving,  1490. 
hemp,  wt.  of,  1494. 
horse-power  of  transmission,  1492. 
manlla,  velocity  of,  table  of,  1492. 
wt.  and  strength  of,  1494. 
Ropes  and  belts,  slip  of,  1493. 
horse-power  of  manila,  1491. 
of  manila,  diagram  of,  1492. 
strain    from    loads  on    Inclined 
planes,  1494. 
Rosa  curve  tracer,  51. 
Rosmdale  cement,  wt.  of,  1293. 
Roein,  specific  inductive  capacity  of, 

227. 
Rotaries,overspeedingof,  prevention 
of,  961. 
starting  diagimm  of  eooneetioos 

for.  920. 
starting  of,  440. 
Rotary  compensator  turret  turning 

system,  1189. 
Rotary  converter  circuit  protection 
by  relays,  959. 
def .  of,  503. 

panel.  General  Electric  D.  C, 
925. 
equipment  of,  919, 024. 
sub-etation,  816. 
Rotaiy    converters    connected    to 
transformers,  442,  476. 
desor.  of,  436. 
for  six-phase  system,  475. 
in  sub-stations,  814. 
starting,  diagram  <A  conneotiooe 

for,  920. 
voltage  between  collector  rings 
of,  439. 
Rotary  field  of  induction  motor,  425. 
induction  apparatus,   temp,  rise 

in,  520. 
transformers,  armature  windings 
for,  441. 
Rotating  field  in  wattmeters,  1000. 
Rotation  of  conductors  around  pole, 

109. 
Rotor,  core  of,  425. 
definition  of,  423. 
resistance  in,  428. 
slots,  number  of,  table  of,  487. 
windings,  oommutated,  4a9« 


1580 


INDEX. 


Rowland    method,    determ.   magn. 

values  by.  91. 
Rubber    covered    cables,    carrsring 
capacity  of,  208. 
wire  and  cables,  prop,  of,  161. 
underwriters*  test  of,  161 . 
Rubber,  electrical  properties  of,  229. 
insulated  cables,  carrying  capac- 
ity of.  210. 
cables,  data  on,  214. 
telefl^ph  oables,  189. 
wires  and  cables,  tables  of,  164- 
172. 
insulation  test  of.  230. 
specific  inductive  capacity  of,  227. 
tires,  data  on,  1225. 
Rulesforoonducting  boiler  taste,1384. 
Rumford*s  photometer,  636. 
Ryan  electrometer,  51. 
Rsran's  method,  meas.  of  wave  form 
by.  51. 


Irons,  eleo.,  cost  of  operating, 
1263. 
Sag  and  tension  in  wire  spans,  218. 
for  aluminum  wire,  limit  of,  225. 
in  wire  spans,  oalc.  of  vertical,  222. 
Sage  direct  reading  ohmmeter,  58. 
Safe  load  on  wooden  beams,  chest- 
nut, 1319. 
hemlock,  1319. 
southern  pine,  1320. 
spruce,  1318. 
while  cedar,  1319. 
white  pine.  1318. 
yellow  pine.  1319. 
load  on  brickwork.  1322. 

on  steel  beams,  1310. 
temperature  for  field  coils,  852. 
Safety  valves,  1382. 

Philadelphia  rules,  1383. 
rules  for  pop  valves,  1383. 
rules  governing,  1382. 
Saline  solutions,  oondaoting  power 

of,  905. 
Salt  solution  for  water  rheostats,  34. 
Sand  and  cement,  A.S.C.E.  recom- 
mendations, 1294. 
and  cement,  fineness  of,  1294. 
foundations  on.  1290. 


Sandstones,  erushing  load,  1323. 
Sangamo  integrating  meter.  1006. 

wattmeters,  testing  o£.  1035. 
Saturation  factor,  def .  of,  505. 

test  of  dynamoe,  400. 
S.B.  resistance  wire,  207. 
Scale,  galvanometer,  24. 

solubility  of.  1363. 
Scales,  instmment,  fignrins  ^*  ^^• 
Schedule  for  35-ton  oar,  668. 
Schmidt  dironoeoope,  1131. 
SchuckartMarohli^tP,  1123. 
Schulti  ehronosoope,  1130. 
Scott  method  of  connecting  oonveit- 

ers  and  timnafonmers,  477. 
Screwed    contact,    eurrent    density 

for.  442.  ^ 

Searchlight  carbons,  579. 

projectors,  575. 
Searchli^ts,  data  on,  tables  of,  1 127. 

intensity  of  li^t  of,  1126. 

mirrors  of,  1125. 

Sdiuokert  type.  1123. 

use  of,  1123. 

U.  S.  Navy,  spec.  for.  1179. 
Secohmmeter.    meas.    mutual    ind. 

by.  69. 
Secondary     current,     tranafonners 
for  constant,  462. 

standards,  checking  of.  1013. 
Second,  definition  of,  2. 
Sectional    rail,    Westinghouse   rail- 
way system.  846. 
Sections,  elements  of  usual,  1303. 

of  trolley  system,  laying  out,  785. 
Seeley*8  cable  connectors,  190. 
Segments,  commutator,  number  of, 

361.    • 
Selective  telephone  systems,  1102. 
Selenium,  spec.  ind.  cap.  <^.  37. 

spec.  res.  of,  132. 
Self-inductance,  meas.  ooef.  of  ind. 
by,  65. 

with  altem.  current,  meas.  of,  66 
Self-induction,  ooeffident  of,  64. 

def.  of.  238. 

formula  for,  239. 

in  solid  iron  wire,  table  of,  248. 

in  stranded  wires,  241 . 

of  tranemlssion  drouita,  288. 
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Self-induotion  standard.  Ayrton  and 

Perry's,  M. 
Sepamte  oirouit  regulaton,  469. 
Separately  excited  dynamo,  338. 
Separating  calorimeter,  1898. 
Separators,  steam,  1380. 
Series  A.C.  regulator,  G.E.  type,  466. 

boosters  for  railway  service.  813. 

oommutator  A.C.  motor,  503. 

condensers  in,  63,  324. 

connection  of  batteries,  10. 

dynamo,  desor.  of,  336. 

ext.  characteristic  curve  of,  337. 

limit  switch  for  railway  control, 
769. 

multiple  switchboards,  1092. 

parallel  controller,  753. 
controllers,  list  of,  755. 

party  lines,  1108. 

telephone  system,  1076,  1109. 

transformers,  464. 
Service  box  cover,  cut  of,  315. 

box,  def.  of,  301. 

boxes,  constr.  of,  302. 

capcusity  of  railway  motors,  675. 

connection  of  polyphase  metens, 
1023. 

meter,  tests  of,  1015. 

reliability,  switchboards  built  to 
insure,  929. 
Sesame  oil,  spec.  ind.  cap.  of,  37. 
Sewer  connections,  cost  of,  303. 
Sewing  machine,  power  to  run,  1525. 
Shafting,    centers    of    bearings   of, 
1483. 

deflection  of,  1482. 

hollow,  1485. 

horse-power  of  iron,  1481. 
tables  of,  1484. 

laying  out,  1485. 

pulleys,    belting,     rope    driving, 
1481. 
Shafts,  armature,  341. 

hollow,  1485. 
Shallenberger  meter,  testing  of,  1028. 
Shallow  trenches,   manhole  constr. 

for,  319. 
Shape  of  moving  body,  effect  of,  659. 

of  pole  faces,  356. 
ShaperB,  power  required  for,  1520. 


Sharp-Millar's  pnotometor,  539. 
Shawmut  soldered  bond,  772. 
Shearing  strength  of  woods,  1316. 
Shear,  vertical-beams,  1308. 
Sheathing  core,  formula  of,  142. 
Sheath,  metallic,  capacity  of  wires  in. 

251. 
Sheet  metal,  permealnllty  of,  80. 
Sheldon  method,  meaa.  low  res.  by, 

59. 
Shellac,  spec.  ind.  cap.  of,  37.  227. 
Shell   type  transformers,   coils  for, 

444. 
Shelves  for  bdb-bars,  933. 
Ship,  condensation  of  steam  in  pipes 

aboard,  1415. 
Ships,  dynamos  in,  gyrostatic  action 

on,  353. 
Shoes,  cast  iron  magnet,  352. 

third  rail.  832. 
Short  circuit  in  armature,  test  for, 
402. 
connection  winding  of  armatures, 
343. 
Shunt  booster,  use  of,  892. 
boxes,  galvanometer,  29. 
djmamo,  external  characteristic  of, 
339. 
internal  characteristic  of,  339. 
dynamos,  regulation  tests  of,  382. 
winding    of     compound     wound 

machine,  369. 
wound  dynamos,  des.  of,  336. 
Shunted  detector,  1065. 
Shunts,  ammeter,  41. 
Qhut-down      of      plant,      provision 

against,  929. 
Side  brackets  for  trolley  line,  635. 
Siding  suspension,  638. 
Siemens*  electro-dynamometer,  42. 

ohm,  value  of,  131. 
Sii^ts,  night,  electric,  1148.    . 
Signal    corps    wireless    telegraphy, 
1145. 
lights,  U.  S.  navy,  1181. 
stranded  wire,  galv.,  properties  of 

200. 
sjrstem,  requirements  of,  623. 
Signalling,  automatic  Hlook.  622. 
relays,  965. 
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BignaUing,  syntonic.  1059. 
Silioon-bronse,  phys.  and  el«o.  prop. 

of.  140. 
Silt,  effect  on  storage  of,  860. 
Silver,  phys.  and  eleo.  prop,  of,  130. 

plating,  1234. 

refining  of,  1238. 

spec.  res.  of,  132. 

temperature  ooef.  of,  133.. 

voltameter,  description  of,  10. 
Simplex   system,    eleotrio    heating, 

1257. 
Sine  curve,  discussion  of,  404. 

wave,  def .  of,  507.^ 
Single  conductor  cables,  watts  per 
foot  lost  in,  212. 

conductor    cable    cambric    ins., 
tables  of,  170-183. 

conductor  wire  table,  U.  S.  navy, 
1170. 

contact  transmitters,  1071. 

duct  conduit,  adv.  of,  301. 

overhead  wire,  capacity  of,  250. 
Single-phase  A.C.  motors,  421. 

A.C.  railway  system,  707. 

A.C.  sub-station,  views  of,  043. 

air-blast  transformers,  452. 

armature  winding,  411. 

circuit,  charging  current  per  1000 
feet  of.  253. 

circuits,  self  induction  in,  230. 

feeder  panel,  equipment  for,  016. 

induction  wattmeters,  1003. 

line,  capacity  effect  in,  240. 

potential  regulators,  467. 

railway,  distribution  system  for, 
718. 

railway  motor  characteristics,  713. 

rotaiy  converter,  436. 

transformer  connections,  472. 

transformers  vs.  multi-phase,  871. 

transmission  circuit,  calc.  of,  280. 

wiring  examples,  272. 
Sin^e  truck  cars,  power  for,  656. 
Six-phase,  changing  three-phase  to, 
476. 

circuits,  power  in,  477. 
Sise  of  conductors  for  parallel  D.  C. 
distribution,  284. 

of  generator  units,  870; 


Sises  of  carbons,  578. 

of  railway  motors,  729. 
S.K.G.  high  voltage  testins  act,  461. 

lightning  arrester,  900. 
Skin  effect,  1061. 
def.  of.  236. 
factors,  table  of,  237. 
Slato  cut-outs,  res.  betw.  tenmnals 
of,  86. 
for  switchboards,  907. 
Slawson's  signal  block  system,  627. 
Slide-wire  bridge,  58. 
Sliding  trolley  collector,  644. 
Slip  of  induction  motor,  table  of, 
425. 
of  ropes  and  belts,  1493. 
Slipper  shoe  for  third  rail,  833. 
Slot  sises,  armature,  values  of.  372. 
Slots    in    field-frame   of    indaction 
motor,  426. 
of  armature  cores,  design  of,  357. 
Slotted  or  toothed  type  annatnres, 

341. 
Slotters,  power  required  for,  1520. 
Smashing  point,  def.  of,  540. 
Small  resistenees,  meas.  oS,  70. 
Smelting  by  Stassaao  process,  1274. 
electric.  1247. 
def.  of,  1232. 
Smooth  body  armatures,  ad^vvntaces 

of.  341. 
Sneak  current  protector,  1088. 
Soapetone  for  switehboaids,  907. 
Sodium,  cyanide  of,  produetkm  of, 
1246. 
hydrate,  production  of,  1239. 
production  of,  1241. 
Soft  iron  ammeters,  41. 
Soldered  bonds,  test  of,  773. 

types  of,  772. 
Soldering  irons,  electric,  1270. 
Solenmds,  oharaoteristics  of,  curves 
of,  129. 
coefficient  of  self  ind.  of.  65. 
pull  of  iron-clad,  127. 
tractive  effort  of,  180. 
Solid  back  transmittera,  1072. 
copper  wire,  G.  E.  Co.,  piop.  oC, 
table  of.  162. 
prop,  of,  table  of.  164- 
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Solid  tires,  data  on,  1225. 

Solids,  spec.  ind.  cap.  of,  table  of, 

86,  37. 
Solabilities  of  seale-making  mater- 
ials. 1363. 
Soond,  propagation  of,  1069. 
Sources  of  Ught,  intrinuc  brii^tness 

of,  529.  . 
Space  occupied  by  D.C.  oov.  wire, 
table  of,  128-126. 
oooupied  by  S.C.  cov.  wire,  table 

of.  121-123. 
required  by  turbines  vs.  recipro- 
cating engines,  1454. 
Spacing  of  beams  for  various  loads, 

1315. 
Span  construction,  644. 
wire,  dip  in,  634. 
material  for,  635. 
Spans,  chart  for  long,  220. 
chart  for  short,  221. 
tension  and  sag  in  wire,  218. 
Spark  gap  curve,  233,  462. 
gap,  meas,-517. 
points,  consir.  of,  517. 
Sparking  at  commutator,  805. 
at  switches,  948. 

distance  across  needle  points,  462. 
distances,  table  of,  526. 
of  brushes,  805. 
Sparks,  chemical  effect  of  electric, 
1232, 
length  of,  curves  of,  949. 
Special  cables  for  car  wiring,  prop, 
of.  173. 
lamps,  navy,  table  of,  1178. 
Specifications  for  det.  ampere,  10. 
for  det.  intern,  volt.  10. 
for. paper  ins.  telegraph  cables, 

189. 
for  paper  ins.  telephone  cables, 

188. 
for  submarine  cables,  189. 
for  switchboards,  947. 
for  30  per  cent  rubber  compound, 

229. 
for  telephone  cables.  1083. 
for  transformer  oil,  500. 
for  transformeni,  498. 
U.S.  Navy,  1153 


Specifications  for  wiring,  U.  8.  Navy, 

1167. 
Specific  conductivity,  132. 

energy  dissipation  in  arm.  core, 
107. 
.  gravity  and  unit  weii^ts,  tables 
of,  1513. 
gravity,  table  of,  1512. 
heat,  mean,  of  platinum,  1509. 
of  gases  and  vapors  at  con- 
stant pres.,  1511. 
of  water,  1511. 
heats  of  metals,  1509. 
inductive  capacity,  4«  88. 
measurement  of,  38. 
of  dielectrics,  227. 
of  gases,  table  of,  85. 
of  tiquids,  table  of,  37. 
of  solids,  table  of,  86. 87. 
magnetic  resistance,  5.  7. 
resistance,  131. 

of  conductors,  table  of,  132. 
of  liquids,  table  of,  133. 
thermal   conductivity  of  dieleo- 
tries,  234. 
Speech,  definition  of,  1069. 
Speed  and  energy  curve,  660. 
curves  of  railway  motors.  686. 
e^or  table  for  wattmeters,  1032. 
headway  and  number  of  can,  660. 
of  cars,  diam.  of  wfaeeb  to  obtain 

certain,  655. 
of  dynamoe,  formula  for,  356. 
of  induction  motors,  424. 
of  power  generators.  870. 
of  wattmeters,  1029. 
recorders,  U.  S.  Navy,  1212. 
run  of  N.  Y.  C.  locomotive,  743. 
-time  curve,  667. 
Spendessfelds  line,  details  of,  651. 
Spermaceti,  spec.  ind.  eap.  of,  37. 
Sperm  oil,  spec.  ind.  cap.  of,  87. 
Spherical  candle  power   of    lamps,' 
640. 
reduotian  factor,  6S5. 
Spiegeleisen.  phys.and  elec.prop.  of. 

137. 
Spikes,  table  of,  618. 
8pltting-o£f  discharges,  1278. 
Sprague  multiple  unit  control.  761. 
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Spring  jaoks,  lue  of,  1089. 

Square  roots,  table  of,  double.  45,  46 

Squire-Orehore    photo-ohronograph, 

1133. 
Squirrel'Kiage  induction  motors,  rotor 

slots  for,  427. 
Staggering  trolley.  644. 
Standard  candle,  530. 
Mil,  construction  of.  11. 
description  erf,  10, 19. 
filUng  of,  13. 

used  with  potentiometer,  47. 
oondensers,  construction  of,  38. 
eonductors,  N.  £.  C,  prop,  of, 

table  of,  162. 
copper   wire   strands,    prop,    of, 

table  of,  169. 
of  resistance,  construction  of,  30. 
of    self-induction,     AyHoa     and 
Perry's,  66. 
symbols  for  wiring  plans,  299. 
Standardisation  rules  A.I.E.E.,  600b, 
Standards  of  light,  530. 
Stanley  lii^tning  arrester,  990. 
Ster  connected  armature  windings, 
413. 
connection  of  transformer,  three- 
phase,  473. 
of  winding,  404. 
Starting  current  test  of  synchronous 
motore,  400. 
devices  for  induction  motors,  428. 
induction  motors,  methods  of,  918. 
of  rotates,  440. 
rotary    converters,     diagram    of 

connection  for,  920. 
torque    of    poljrphose    induction 
motor,  423. 
Staasano  process  for  dec.  welding, 

1274. 
Static  dischargen,  992. 

ground  detectors,  installation  of, 

942. 
interrupter,  993. 

machines,  use  for  X-ray  of,  1252. 
transformer,  def.  of,  443. 
wave,  action  of.  993. 
Stationary  impedance  (rf  induction 

motors,  398. 
Stator.  core  cf ,  426. 


Stator,  definition  of,  423. 

resistance  in,  429. 
Stays,  boiler  head,  1333. 
Steady  strain  disdaarges,  1278. 
Steam,  1327. 

Steam  boiler,  efficiency  erf,  1329. 
settings,  1334. 
measurements  of,  1336. 
strength  of  riv.  shell,  1330. 
Steam  boilers,  eylinders  of,  1327. 
flues  of,  1327. 

gas  passages  and  flues  of,  1329. 
grate  surface  per  h.-p.  of,  1320. 
heating  surface  of,  1328. 
tubes  of,  1328. 
per  h.  p.,  1329. 
hor.  return  tubular,  1327. 
setting  of,  1335. 
horse-power  of,  1327. 
points  in  selecting,  1327. 
scotch  or  marine,  1327. 
types  of,  1327. 
vertical  fire  tube,  1327. 
water  tube,  1327. 
working  pressure  of,  1330. 
Board  of  Trade  rule,  1332. 
Philadelphia  rule,  1332. 
U.  S.  statutM,  1332. 
Steam  engines,  1434. 

and    djmamos,    standards     of, 

1435. 
brake  horse'iMwer  of,  1440. 
cylinder  ratios  of,  1441. 
horse-power  of,  1440. 
ind.  horse-power  of,  1440. 
mean  effective  pressure  table  of, 

1442. 
nominal  horse-power  of,  1440. 
receiver  capacity  of,  1443. 
regulation  of,  514. 
tests  of  various  types  of,  141S. 
Steam,    flow    throu^     pipas     of, 
1417. 
flow  to  atmoaphere  of,  1416. 
to  lower  pfesBures  of,  1416. 
heating,  boiler  horae-power,  1415 
moisture     calorimeter     diagram. 
1397. 
in,  determinatioo  of,  1394. 
tables  of,  1306. 
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Bteam  pfpe  oovering,  cost  and  heat 
loss  of.  1423. 
«IectrioaI  tests  of,  1422. 

diagram  of,  1423. 
heat  loss  in,  1423. 
miscellaneous    subetances    for, 

1425. 
relative  economy  of,  1424. 
value'of,  1422. 
Steam  pipes,  1417. 

oondensation  in,  1415. 
aboard  ship,  1415. 
heating,  1415. 
loes  of  heat  from,  1421. 
Steam  piping,  U.  S.  navy  spec,  for, 
1163. 
ports  and  passages,  1443. 
properties  of  saturated,  1404. 

1-15  lbs.  abe..  1404. 
quality   by   color  of  issuing  jet, 

1400. 
separators,  1380. 
superheated,  1413. 
table,  DeLaval  turbine,  1458. 
total  heat  of,  1511. 
Steam  turbine,  1451. 
Curtis,  1455. 
DeLaval  steam  flow,  table  ol, 

1458. 
tests  of,  1452. 
Parsons,  1453. 

vanes  in  Westinghouse-Paivons, 
1453. 
Steam  turbines,  relative  floor  space 
of.  1454. 
relation  of  foundation  to  h.-p.  of 

1457. 
U.  S.  Navy  spec,  for,  1160. 
Steam,  volume  of,  tables  of,  1404. 

weight  of,  tables  of,  1404. 
Steel  and  iron,  ageing  of,  455. 
dec.  welding  of,  1271.* 
magnetic  fatigue  of,  455. 
permeability  curves  of,  90. 
wire,  constants  of,  199. 
Steel  chimneys,  brick  lining  of,  1343. 
cost  of,  1343. 
foundation  sixe  of,  1343. 
field  magnet  yokes,  352. 
for  third  rail,  qualities  of,  822. 


Steel  frame  buildings,  electrolysis  ia, 
859. 
magnetic  qualities  of,  91. 
permeability  of,  m«as.  of,  94. 
poles,  633. 

weight  of,  633. 
production  of,  1247. 
rails,  825. 

impedance  of,  795. 
resistance  of,  825. 
strand  wires  for  trolleys,  642. 
telegraph  wire,  properties  of,  201. 
weight  of,  1294. 
wire,  properties  of,  199.  201. 
use  in  telephony  of,  1082. 
Steering-gear,  navy  spec,  for,  1200. 
Steinmets  hysteresis  formula,  98. 
Step-by-step    .  method,     hysteresis 
tests  by,  101. 
telephone  systems,  1102. 
Step-down  transformers  for  Y-di9- 

tributions,  478. 
Stepping-down  arrangement  for  long 

distance  transmission,  474. 
Steppini^up  arrangement  for  long 

distance  transmission,  474. 
Stem's  duplex.  1050. 
Stillwell  potential  regulator,  467. 
Stoking,  mechanical  vs.  hand  firing, 

1359. 
Stone,  crushing  load  of,  1322. 

foundations,  1293. 
Stop  watch,  use  in  meter  tests  of, 

^015. 
Stops  of  car,  table  of  frequency  of, 

658. 
Storage  batteries,  automobile,  1227. 
capacity  of,  874,  883. 
care  of,  1228. 

central  station,  three-wire  sys- 
tem, 903. 
charge  and  dia'ohaive  rates  of. 

883. 
charging  of,  880. 
connections  for  charging,  899. 
constant  current,  booster  sys- 
tem, 901. 
dimensions  of,  883. 
discharge  rate  of,  874. 
efficiency  of,  879. 
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Storage  batteries,  elements  of,  872. 

erection  of,  884. 

installation  of,  885. 

internal  resistance  of,  883. 

load  r^ulation  by,  888. 

loss  of  charge  of,  884. 

polarisation  of,  879. 

removal  from  service  of,  881 . 

requirements  of,  874. 

sulphation  of,  881. 

tests  of,  882. 

theories  of,  872. 

three-wire  system,  899. 

to  carry  load  peak.  886. 

troubles  of,  881. 

uses  of,  886. 

variation  of  efficiency  of,  884. 

voltage  curves  of,  883. 

weight  of,  882. 
Storage  battery  booster  equipment, 
902. 

boosters,  circuit  breakers  pro- 
tecting, 952. 

capacity,  900. 

discharge,  control  of,  891. 

plant,  installation  of,  897. 

plates,  cadmium  test  of,  878. 

types  of,  874. 
Storage  reservoin,  867. 
Stoves,  oar,  cost  of  operating,  1266. 
Strains  in  ropes  on  inclined  planes, 

1494. 
Strain  test,  381. 
Stranded    conductor,    G.    E.    Ck)., 

table  of.  163. 
copper  conductors,  carrying  cap. 
of.  209. 

wire,  prop,  of,  table  of,  155. 
weather-proc^  aluminum  "v^ra,  197. 
wires,  self  induction  of,  241. 
Strain,  1301. 
Strands,  standard  copper,  prop,  of, 

table  of,  159. 
table  of  wire,  142. 
Stray  power  of  dsmamo,  calculation 
of.  391. 

test  of  motor.  396. 
Streams,  estimating,  869. 
Bt^t^t   car  equipments,  compared, 
71*. 


Street  car  heating,  ek>otrio,  1266. 
cars,  lighting  of.  806. 

possible  schedule  for,  658. 
excavation  per  conduit  foot,  cost 

of,  306. 
lighting  by  aro  lamps,  582. 
Street  railway  booster  system,  807. 
circuits,  test  of,  798. 
material  required  for  one  mile  of. 

628. 
motor  characteristics,  713. 

control,    Leonard's  system  of, 

354. 
testing.  803. 
motors,    armature    windlngis   of, 
348. 
capacity  of,  673. 

characteristic  curve  of,  664, 688. 
efficiency  of,  663,  803. 
rating  of,  661. 

service  capacity  curves  of,  676. 
speed-time  curve  for,  069. 
test  of,  392,  397. 
power  station,  815. 
Street    railways,    depredation    on, 
table  of,  770. 
power  required  for,  656. 
Strength  of  current,  meas.  of,  78. 
of  dilute  sulphuric  add,  table 

of,  904. 
of  materials,  1301. 
of  riveted  shdl,  boiler,  1330. 
of  wire  ropes,  1325. 
Stress.  1301. 
Strut  bars,  1314. 

Submarine  and  underground  cables, 
tests  of.  321. 
cables,  189. 1083. 
testing  of,  331. 
Submerged  rheostats,  wire  for.  34. 
Sub-station  design,  814. 
for  rallwasni,  815. 
portable  type,  819. 
rotary  convert^-,  816. 
single   phase    A.C.,    views   of, 
943. 
Substations,  drop  between,  794. 

equipment  of,  942. 
Substitution  method,  res.  mesa,  by, 
56. 
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Suburban  eara,  types  of.  612. 
Sulphate  oi  copper,  res.  of,  1231. 
of  lead,  use  of,  873. 
of  sine,  res.  of,  1231. 
Sulpbatton  of  storage  batteries,  881. 
Sulphur  dioxide,  spec.  ind.  cap.  of, 
35. 
spec.  ind.  cap.  of,  37. 
Sulphuric  acid,  conducting  power  of, 
table  of,  905. 
resistance  of,  1229. 
spec.  res.  of,  133. 
strength  of,  table  of,  904. 
Suxnpner's   test  of   copper  loss   In 
transformerB,  497. 
of    iron   loss   in    transformers, 
496. 
Superficial  measures,  metrical  equiv. 

1501. 
Superheated  steam,  1413. 

economy  of  engines  using,  1413. 
Superheaters,  1413. 
Supplies,    approx.    list    of    eleotrio 

work,  1531. 
Supplying  losses,  electrical  method 

of,  389. 
Surface  contact  plates,  G.  E.  railway 
•  sjnstem,  848. 

railway,  G.  E.  system,  847. 
railway  system,  840. 
shoes,    G.   E.  railway  system, 
850. 
Surface  insulation  against  electro- 
lysis. 862. 
measures  of,  1499. 
Susceptance,  capacity,  table  of,  269. 

symbol  of,  8. 
Susceptibility,  magnetic,  definition 
of,  5* 
value  of,  7. 
Suiipended  wires,  not  on  same  level, 

sag  in.  223. 
Suspension  brackets,  635. 

of  trolley  wires,  637. 
Swapping  of  current,  869. 
Swedish  iron  rope  wire,  1325.  , 

Switchboard,  definition  of.  906. 
instruments,  940. 

list  of,  945. 
meters,  list  of,  945. 


Switchboards,   A.C.   and   D.C.,   ro- 
tary converter  panels  for,  924. 

A.C.  panels  for,  912. 

aluminum  bars  for,  911. 

arc.  General  Electric,  922. 

central   station,    electrically    op- 
erated, 928. 
panels  for,  907. 

connections  on,  910. 

constant    current    tranaf.    panels 
for,  922. 

controlling,  940. 

copper  bars  for,  909,  911. 

D.  C.  exciter.  942. 
feeder  panel  for,  928. 
generator  panel  for,  924. 
motor  panel  for,  928. 

direct  control  panel,  906. 

electrically  operated,  929. 

for  battery  plants,  898. 

for  hydro-electric  plant,  931. 
for  transmission  plants,  870. 

frames  for.  908. 

General  Electric  D.C.,  rotary  con* 
verter  panel  for,  925. 

generator,  U.  S.  Navy,  1163. 

hand-operated,  906. 
remote-control,  928. 

illuminating  lamps  for,  909. 

induction  motor  panels  for,  equip, 
of,  918. 

insulation  distances  on,  912. 

isolation  of  oonduetora  on,  929. 

material  for,  907. 

panel,  design  of,  906. 

power-operated,  906. 

reliability  ci  service  insured  by ,929. 

remote  control  panel,  906. 

space  behind,  907. 

specifications  for,  947. 

sini^e-phase    panel    for,    equip- 
ment of,  916. 

sub-station,  equipment  of,  942. 

telephone,  common  battery,  1098. 
design  of,  1080. 
multiple,  1090. 
I)ortable,  1141. 
series  multiple.  1092. 

temperature  rise  of  devices  on, 
910. 
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Tension  and  sag  in  wire  spans,  218. 
Terminal  anchorage,  637. 
Terminals  for  bonds,  774. 
Test  car,  diagram  of.  799. 
lamps,  Navy  standard,  1172. 
plate,  descr.  of,  537. 
Toltage,  meas.  of,  517. 
Testing-board,  Herrick's,  805. 
batteries,  chloride  of  silver  type, 

16. 
capacity  of  cables,  325. 
drop   and    resistance    in    trolley 

lines,  798. 
dynamo  eflSciency,  Kapp's  method, 

887. 
electric  i^ants,  1283. 
instruments,  description  of,  13. 
Integrating  wattmeters,  1028. 
joints  of  cables,  323. 
large  transfoitner,  G.  £.  method, 

490. 
*ail  bonds,  801. 
service  meters,  1015. 
set,  S.K.C.  hi|^  voltage,  461. 
storage  batteries,  882. 
submarine  cables,  331. 
transformers,  459,  482. 
Ayrton   A  Bumpner's  method 

of»496. 
data  for,  495. 
Tests  of  American  woods,  1317. 
of  cables,  dielectric,  332. 
of  cast  iron  oolimms,  1306. 
ol  dynamos  and  motors,  378. 
of  interurban  cars,  722. 
of  R.  C.  wire.  Underwriters',  161. 
of  street  railway  circuits,  798. 
of  synchronous  motors,  399. 
of  various  iypm  of  steam  en^nes, 

1439. 
of,  with  voltmeter,  74. 
Thallium,  phys.  and  dec.  prop,  of, 

140. 
Thawing  water  pipes  by  electricity, 
1271. 
power  required  for  etc.,  1531. 
Theater  run  of  high  speed  railway, 

721. 
Theory     of     polyphase     induction 
motor,  423. 


Theory  of  storsge  batteries,  872. 

of  synchronous  motor,  432. 
Thermal  conductivity  of  dieleetries. 
specific  234. 
unit,  British,  3. 
Thermit  rail  welding,  778. 
Thermometers,  comparison  of,  1500. 
Third  rail  bonding.  778. 
cost  per  mile  of,  835. 
insulatois,  831. 
location  of,  830. 
qualities  of  steel  for,  822. 
shoes,  832. 
system,  821. 
Thompson    permeameter,    use    of, 

v«s  uu. 
Thomson  dec.  wdding  process,  1271. 
induction  wattmeters,  1005. 
polyphase  induction  wattmeters, 

1005. 
recording  wattmeters,  998. 
-Ryan  d}rnamo,  special   winding 
of,  351. 
Thomson's  method,  res.  of  galv.  by, 
60. 
testing  cap.  of  cables  by.  325. 
Three  conductor  cables,  G.  £.  G6., 
table  of,  170. 
loes   of   power   in  sheath  of, 

293. 
watts  per  foot  lost  in,  212. 
paper  ins.  cables,  table  of,  178. 
Three-phase  alternators,  EJi.F.  of, 
404. 
armature  winding,  413. 
cables,  power  carrying  cap.  of,  216. 
circuits,  arrangement  of,  291. 
charging  current  per  1000  feet 

of,  253. 
energy  in,  405. 
self  induction  in,  239. 
ddta  connection  armatures,  loss 

in.  408. 
distribution  railway  system,  815. 
feeder  pand,  equip,  of,  917. 
generator  panels,  912. 
induction  motors,  current  taken 
by,  297. 
potential  regulators.  460. 
lines,  balandng  of,  287. 
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rhree-phase  lines,  capacity  effect  in, 

249. 
moton,  reading  watts  in,  398. 
power,  meaa.  of,  72. 

transmission,  tramformers  for, 

478. 
rotary  converter,  437. 

panels,  equip,  of,  919.  924. 
rotary  transformers,  armatures  of, 

441. 
star  connection  armatures,  loss  in, 

408. 
station  bus-bars,  933. 
synchronous  motor  panels,  equip. 

of.  919. 
system,  balanced,  73L 

protection  by  relays,  959. 
systems,  ratio  of  transformers  in, 

471. 
to  six-phase  connections,  475. 
transformer  connections,  473. 
transformers,  470. 
transmission  line,  ind.  react,  of, 

245. 
wiring  examples,  273. 
Three  voltmeter  method,  A,C.  power 

by,  71. 
Three-wire  battery  system,  899. 
booster  system,  diagram  of,  902. 
direct  current  system  examples, 

271. 
Edison  system,  855. 
generator  panel,  equipment  of ,  926. 
telephone  system,  1099. 
street  railway  system,  807. 
two-phase   system,   formula   for, 

270. 
variable  speed  motor  system,  354. 
Throttling  calorimeter,  1394. 
Ties,  bearing  surface  per,  618. 
durability  of,  619. 
per  mile  per  track,  618. 
Time-oonstant,  foitnula  for,  239. 
element  mechanism,  958. 
limit  relasrs,  956. 

relay,  Westinghouse,  960. 
required  for  elec.  welding,  1272. 
Tin,  fusing  effect  of  current  on,  217. 
phys.  and  elee.  prop,  of,  140. 
spec.  res.  of,  132. 


Tin,  temperature  ooef .  of,  133. 
Tire  welding,  electric,  1272. 
Tires,  data  on,  1225. 
Tirrell  regulator  for  altematon,  409. 
Toluene,  spec.  ind.  cap.  of,  37. 
Tools    and    supplies   for   installing 

electric  work,  1530. 
Toothed  annatures,  advantages  of, 

341. 
Torpedo  circuit  closer,  1139. 

firing,  electric,  1213. 
Torque  of  induction  motors,  calc.  of, 
399. 
of  motor  armatures,  353. 
of  polyphase  induction  motor,423. 
of  railway  motors,  731. 
Torsion  dynamometer,  42. 
Tower,  cooling,  1447. 
Track  and  trolley,  resistance  of,  798. 
bonding,  condition  of,  800. 
bonds,  efiSdeooy  of,  781. 
requirements  for,  775. 
data,  618. 

gang,  tools  for,  620. 
laying  force,  619. 
rail,  resistance  of,  779. 
return  circuit,  771,  786. 
Traction  data,  1224. 
horB»-power  of,  653. 
law  of,  110. 
method,  determ.  magn.  values  by, 

93. 
of  electromagnets,  110. 

table  of.  111. 
table  of,  655. 
Tractive  coefficient,  662. 
effort,  661. 

curves  of  raUway  motors,  686. 
of  solenoids,  130. 
on  grades,  657. 
test  for,  1226. 
force,  table  of,  654. 
Train  diagram,  787. 
friction,  613. 
curve,  679. 
log  for  intenirban  tests,  722. 
performance  diagram,  663,  667. 
resistance  curve  for  one  car  train, 

683. 
voltage  drop  at,795. 


1592 


INDEX. 


Training  gear  for  guns,  1191. 
Transfer  telephone  system,  1094. 

adv.  of,  1094. 
Transformer  ceUs  for  hydro-electric 

plant,  931. 
connections,  472. 

cores,  magnetic  densities  for,  447. 
*  tests,  data  for,  495. 
def.  of.  503. 
design,  447. 
equations,  446. 
house,  single-phase  A.C.,  views  of, 

943. 
loss,  meas.  of,  511. 
oil,  spedfioations  for,  500. 
panek,   constant  current,  equip. 

of,  922. 
static,  def.  of,  443. 
testing,  482. 
Transformers,  ageing  of.  498. 
aii^blast  type,  4^. 
capacity  of,  table  of,  498. 
change  of  hysteresis  by  heating  in, 

457. 
characteristics  <rf,  483. 
comparatiTe  core  losses  in,  456. 
comparative  expense  of  operating 

large  and  small,  458. 
connected   to  rotary  ocmverters, 

442,  476. 
connections  for  wiring,  297. 
copper  loss  in,  table  of,  498. 
core  loss  in,  445. 

table  of,  498. 
cores  of  American  types  of,  443. 
current,  deser.  of,  945. 
det.  of  size  of,  295. 
duties  of  perfect,  445. 
efficiency  of,  453. 

test  of,  493. 
exciting  current  in,  table  of,  498. 
for  constant  current,  464. 
for  constant   secondary  current, 

462. 
for   long    distance    transmission, 

arrangement  of,  474. 
for  stepping-down  high  potential, 

478. 
for  transmission  plants,  870. 
heat  test  of,  489,  497. 


I 


Transformers,  hysteresis  lose  of,  44S. 
improvement  in,  454. 
insulation  of,  447. 
insulation  test  of,  483.  516. 
in  three-phase  system,  ratio  of, 

471. 
iron  loss  for,  table  of,  482. 
leakage  drop  in,  meas.  of,  497. 
looation  of,  499. 
natural  draft  tsrpe,  448. 
oil-cooled,  448. 
polarity  of,  495. 
potential,  descr.  of,  945. 
power  factor  of,  458. 
protection  by  static  interrupter  of, 

993. 
regulation  of,  458,  401. 

table  of,  498. 
resistance  of,  meas.  of,  486. 
rise  of  tonperature  in,  498. 
series  type,  464. 
specifications  for,  498. 
table  of  oapadties  of,  296. 
temperature  of  windings  of,  447. 
temperature  rise  in,  520. 
testing,  459. 
testing  iron  and  copper  losses  of, 

406. 
three-phase  type,  470. 
water-«ooled  type,  449. 
wiring  for,  295. 

Y  or  delta  connection  of,  478. 
Tnuislating  devices,  distribution  to, 

262. 
Transmission  circuits,  capacity  of, 
249. 

properties  of,  238. 
conductors  for  high  tension,  235. 
line  formulae,  275. 

inductive  react,  of  three-phase, 
245. 

of  known  constants,  274. 
lines,  aluminum  for  high  tension, 
199. 

calculation  of,  264. 

circuit  breakers  protecting,  951. 

design  of.  866. 

effideoey  of,  512. 

hi|^  potential  strains  on,  981. 

regulation  of,  513. 
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TraDsmiBBion  of  power,   claasif.  of, 
864. 
of  speech,  1070. 

plants,  switchboards  for,  870. 
system,  oonductora  for,  260. 
telephonic,  limits  of,  1107. 
Transmittere,  battery,  1071. 
Blake.  1072. 
granular  button,  1074. 
high-power,  1063. 
magneto,  1071. 
multi-oontact,  1072. 
single-contact,  1071. 
solid  back,  1072. 
ungrounded,  1063. 
wireless  telegraph,  1062. 
Transmitting  appliances,   table  of, 

864. 
Transposition  of  lines,  285. 

telephone  lines,  1082. 
Transverse  strength  c^  beams,  1308, 

of  woods,  1317. 
Travereing  motor  for  gun  operation, 

1134. 
Trenton  beams  and  channels,  1313. 
iron  beams  and  channek,  1314. 
rolled  steel  beams,  1313. 
Trial  armature  coil  slots,  372. 
values  for  number  of  armature 
coils,  373. 
Trigg  works,  motors,  horse-power  of, 

1518. 
Trimming  arc  lamps,  683. 
Trip  contact  for  relasrs,  958. 
Triple     cond.     varnished     cambric 

cables,  185. 
Triplex  armature  windings,  348. 
Trip  oil  switches,  use  of,  916. 
Tripping  mechanism,  958. 
frolley  and  track,  resistance  of,  798. 
cars,  energy  consumption  of,  652. 
power  required  for,  656. 
wiring  of,  806. 
construction,  cost  of  one  mile  of, 
629. 
for  A.C.  railways,  640. 
feeders,  arrangement  of,  789. 
line,  drop  at  end  of,  800. 

material  per  mile  of,  643. 
system,  laying  out,  785. 


Trolley  and  track,  wheels,  R.P.M.  of, 
655. 
wire,  dip  In,  635. 
sise  of,  786. 
suspension,  637. 
Troubles  of  storage  batteries,  881. 
Troy  measure,  1500. 
Truck  lights,  U.S.  Navy,  1181. 
Trucks  of  cars,  weight  of,  734. 
Trunking,  methods  of,  1095. 
Trunk  signals,  auxiliary,  1096. 
Truss  plank  heaters,  wiring  diag.  of, 

1267. 
Tube  lighting  system,  565. 
Tubes,  collapsing  pressure  of,  1429. 
dimensions  of  boiler,  1428. 
heating  surface  of,  1328. 
r^^nerative  X-ray,  1251. 
X-ray,  1249. 
Tubular  lamps,  navy  spec,  for,  1173 

poles,  iron  and  steel,  633. 
Ttmg^ten  lamps,  data  on,  553. 
steel,    phys.  and   elec.  prop,  of, 
140. 
Turbines,  dimensions  of  hydraulic, 
1477. 
dimensions  of  Victor,  1477. 
impuke  wheels,  diagram  of,  1479. 
installing  hydraulic,  1477. 
inward  flow  of,  1476. 
McCormack,  diagram  of,  1478. 
outward  flow  of,  1476. 
parallel  flow,  1476. 
steam,  1451. 

U.  S.  Navy  spec,  for  steam,  1160. 
water,  1476. 
Turbo  generating  sets,  spec,  for,  1 159. 

generators,  operation  of,  1162. 
Turnout  suspension,  638. 
Turnouts,  railway,  620. 
Turns    of    wire    for    transformers, 
equation  for,  446. 
of  wire  in  coil,  calc.  of,  113. 
per  armature  coil,  trial  calc.  for, 
374. 
Turpentine  oil,  spec.  ind.  cap.  ct, 

37,227. 
Turret  turning  gear,  navy  spec,  for, 
1187. 
system,  1165. 
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Twin  oonductor  wire    table,  U.  S. 

Navy.  1170. 
Twisted  pairs,  use  of,  1082. 

wire,  res.  betw.  terminals  of,  86. 
Two-oircuit  single  winding  of  arma- 
ture, 342. 
-oonductor  cables,  watts  per  foot 

loet  in,  212. 
motors  vs.  four  motors  percar,  729. 
overhead  wires,  capacity  of,  250. 
-party    selective    telephone    sys- 
tems, 1102. 
•path  triplex  armature  wind.,  348. 
-phase  armatures,  loss  in,  408. 
armature  windings,  412. 
cirouits,  arrangement  of,  201. 
feeder  panel,  equip,  of,  918. 
generator  panel,  915. 
rotary  converter,  436. 
rotary  converter  panels,  921. 
rotary  transformers,  armatures 

of,  441. 
flystems,  formula  for,  270. 
transformer  connections,  472. 
transmission  oirouit,  calc.  of, 280. 
wiring  examples,  272. 
Two-wire    direct    current    ss^stem, 
examples,  271. 
telephone  system,  1101,  1120. 
Types  of  plates  for  batteries,  874. 
ci  underground  cables,  320. 


oscillations,  1068. 
Underground  and  submarine  cables, 
tests  of,  321. 
cables,  drawing  in,  319. 
looating  faults  in,  331. 
types  of,  320. 
conduits  and  oonstruotion,  301. 

in  Chicago,  cost  of,  317. 
mains,  current  variations  on,  857. 
metal,  deterioration  of,  852. 
telephone  cables,  188. 

capacity  of,   1086. 
work  at  New  Orleans,  308. 
Underbill  on  Electromagnets,  127- 

130. 
Underload  circuit  breakers,  950. 
use  of,  899. 
D.C.  relay,  962. 


Underwriters'  rules  for  proteotuMt  of 
buildings.  1280. 
test  of  R.  C.  wire.  161. 
Ungrounded  transmitters,  1063. 
Uniform  railway  conductors.  792. 
Unipolar  machines,  def.  of.  504. 

losses  in,  meas.  of,  512. 
Uni  Signal  Company  system,  624. 
Unit  difiference  of  potential.  4. 
electromagnetic,  de6aition  oi,  5. 
electro-motive  force,  4. 
lightning  arrester,  990. 
of  capacity,  4. 
of  current,  4. 
of  force,  3. 
of  horse-power,  3. 
of  quantity,  4. 
of  resistance,  4. 
of  resistance,  definition  of,  5. 
of  strength  of  pole,  4. 
of  work,  3. 

switch     control,     A.C.     imilway 
system,  710. 
system,  766. 
weights,  1513. 
United  States  Army,  use  of  elec.  in, 
1123. 
Navy  electric  fuse,  1137. 
electricity  in,  1153. 
engine     specificatioDS       for, 

1154. 
generator  spec,  for,   1156. 
Units,  absolute,  2. 
C.  G.  S.,  2. 
derived  geometric,  2. 
derived  mechanical,  2. 
electrical,  4. 

and  mechanical,  table  of,  1258. 
engineering,  2. 
electrostatic,  4. 
fundamental,  2. 
geometric.  2. 

international  eleetrioaU  9. 
magnetic,  definition  of,  4. 
of  heat,  3. 
of  light,  530,  534. 
of  resistance,  131. 
symbols  and  abbreviations  for,  6. 
Universal  shunt,  Ajrrton  and  Mather. 
30. 
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Umtable  neatiml,  479. 
Upp«r  hsnnonioB,  theory  of,  1218. 
Uses  ol  inoandesoent  Umps,  544, 
556. 
of  light,  600. 
of  stonice  batteries,  886. 
U.  S.  Navy  rule  for  ins.  res.,  85. 

standard  lamps,  table  of,  1176. 
U.  S.  standard  gauge  for  sheet  and 
I^te  steel  and  iron,  1209. 
sheet  metal  gauge,  thiokn       in 
milltmeterB,  1290. 
Utensils,   electric  cooking,   cost  of 
operating,  1259. 

ITacmiiif  spec.  ind.  cap.  of,  35. 
tube  light,  565. 

tubes,  exciting  source  for,  1252. 
Value  of  A.C.  voltage  and  current  in 

terms  of  D.C..  438. 
Values   for   numbers  of   armature 
coils,  373. 
for  turns  per  armature  ooll,  374. 
Valve,  foot,  1447. 
Vapor  lamps,  Cooper^Hewitt  type, 

558. 
Vapors,  specific  gravity  of,  1512. 
Variable  speed  motor  work,  854. 
Variation,  def.  of.  606. 
of  efficiency  of  lamps,  547. 
of  resistance    with    temperature, 

228. 
of  voltage  in  storage  battery.  876. 
Variey  loop  test,  locating  faults  in 

cables  by.  329. 
Varnished  cambric  ins.  cables,  tables 
of,  178a-187a. 
triple  cottd.,  185. 
Vaseline,  spec.  ind.  cap.  ctf,  37. 
Vegetable  oils,  1497. 
Velocity,  angular,  1606. 
definition  of,  3. 
definition  of.  2. 
Ventilation    fans,   navy  spec,  for, 
1196. 
of  armatures,  360. 
of  transformerB,  449. 
Vertical  shear  of  beams.  1308. 

tubular  boilers,  1327. 
Very  high  res.,  mess,  of,  79. 


Victor  turbines,  dimensions  of,  1477. 
Virtual  resistance  of  storage  cell, 

883. 
Voltage  and  current  of  A.C.  in  terms 
of  D.C.,  438. 
curve  of  railway  motors.  669. 
curves  of  storage  batteries,  883. 
drop  at  brush  faces,  362. 

in  parallel  distribution  system, 

279. 
in  storage  cells,  table  of,  879. 
for  power  transmission,  870. 
limitation  of,  866. 
loss  in  storage  batteries,  882. 
meas.  of,  62. 

regulation  of  transformera,  452. 
transformers,  high-tension  station, 

938. 
variation  in  storage  battery,  ^76. 
variations,  minimising,  1002. 
Voltages,    discussion    of    standard, 
621. 
for  plating,  1234. 
Voltaic  battery,  def.  of,  14. 
Voltameter,  silver,  description  of,  10. 
Volt,  definition  of,  6. 
generation  of,  336. 
international,  def.  of ,  9. 

specification  for  determ.,  10. 
value  of,  7,  8. 
Voltmeter,    balance    used    as,   43. 
Bristol     recording     single-phase, 

1038. 
electrostatic,  Kelvin,  40. 
method,  meas.  of  current  by,  77. 
Weston  type,  41. 
Voltmeters,  description  of.  40. 
electrostatio,  use  of,  945. 
high  res.  for,  76. 
meas.  high  res.  with,  79. 

ins.  res.  of  circuits  with,  80. 
ins.  res.  of  wiring  ssrstem  with, 

82. 
res.  with,  78. 
permanent  magnet  type,  74. 
tests  with,  74. 
Voltex    process    for    welding    and 

brasing,  1274. 
Volume  of  steam,  tables  of,  1404. 
Voynow  joint,  778. 
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Vuleaniaed  rubber,  deetrieal  prop- 
ertiet  of,  220. 

IVavmer  motor,  derign  of,  430. 
single-phase    motor,    eonnectiona 
of.  431. 
Wahnsley's  nut  tester,  802. 
Ward-Leonard    system    of    motor 
control,  354. 
turret  turning  gear,  1188. 
Waring  cables,  joints  in,  191. 
Warren's  method,  locating  faults  in 

ins.  wires  by,  330. 
Watch  receiver,  1070. 
Water  analyses,  table  of,  1366. 
and  mereury  columns,  pressure  of, 

1463. 
-cooled  transformers,  440. 
ou^io   feet   discharged  per  min., 

14t0. 
expansion  of,  1362. 
flow,  estimate  of,  860. 
in  a  stream,  1471. 
over  Weirs,  1473. 
through  an  orifice,  1471. 
throu^  various  pipes,  1460. 
for  boiler  feed.  1362. 
friction  in  pipes  of,  1374. 
gas,  1367. 
heating   by   electricity,  oost   of, 

12S9. 
horse-power,  tables  of,  1475. 
lifted  by  suction,  1367. 
loss  of  head  due  to  bends  in  pipes, 

1374. 
mains,  efifect  of  current  on,  852. 
meters,  electrolytic  effect  on,  858. 
motors,  regulation  of,  514 
pipes,  thawing  out,  1271. 
power,  1460. 
data  on,  867. 

synopsis  of  report  on,  1460. 
yearly  exp>en8e  per  H  .P.  of,  1464. 
pressure  of,  1465. 
pumping  hot,  1367. 
purification    of    boiler    feed    by 

boiling,  1365. 
fheostats,  33. 
rod  float  gauging,  1471. 
specific  beat  of,  1511, 


Water,  spedfio  induetive  eapacity  of, 
227. 

res.  d,  138. 
speed  throu^  pump-paawigns  and 

valves  of,  1368. 
theoretical  velocity  and  disduirge 

of,  1470. 
tight  door   alann,   U.  8.   Navy. 
1211. 

doors,  control  of,  1108. 
weight  per  cubic  foot  of,  1360. 
wheels,  1476. 

racing  of,  081. 
Watt,  definition  of,  8. 
-eeoond,  value  of,  12. 
value  of,  5,  8. 
Wattless  current,  def.  of,  296. 
Wattmeter,  balance  used  as,  44. 
hysteresis  tested  by,  102. 
power  meas.  by,  72. 
Wattmeters,  action  of,  1030. 
bearings  of,  1000. 
Bristol     recording     eingie-pfaase, 

1037. 
calibration  of,  1014. 

Westin^ouse  integratins.  1016. 
checking,  72. 
oonstantB  of,  1020. 
D.  C.  Sangamo,  1007. 
Fort  Wayne  induction,  1005. 

testing  of,  1033. 
Q.  E.  recording,  1036. 

testing  of,  1030. 
integrating,  testing  of,  1013. 
on  inductive  circuit,  1000. 
polyphase  and   D.C.,   testing  of, 
1020. 

installation  of,  1023. 

integrating,  1004. 
prepayment,  1010. 
Sangamo  integrating,  1006. 

testing  of,  1035. 
speed  error  table  for,  1082. 
speeds  of,  1020. 
Thomson  high  torque.  1005. 

polyphase  induction.  1005. 

recording,  008. 
use  of,  72. 

Westinghouse     induction. 
1008. 
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\Vatt2iiet«r,  Wcstinghouie  reoording, 
1037. 
Weston  type,  42. 
Wrisht  diecouQt.  1008. 
Watts  lost  in  armature  cores.  360. 
in  armature  windincst  350. 
in  oables,  210. 
in  core  of  transformer,  456. 
transformer  cores,  454. 
per  candle  of  aro  lamps,  540. 
Wave-connected     armature     wind- 
in0i,  347. 
fonn,  determination  of,  50. 

E.M.F.,  1218. 
shape,  standard,  507,  508. 
Waves,  electromagnetic,  1055. 

propagation  of,  1058. 
Wax,  specific  inductive  capacity  of, 

227. 
Weather-proof      aluminum      wire 
stranded,  107. 
wire,  carrying  capacity  of,  200. 
table  of,  160,  160a^l00b-ie0e. 
Weaver  speed  recorder,  1212. 
Webb,  H.  S.  on  water  rheostats,  33. 
Weber  photometer,  537. 
Wehnelt  interrupters,  1254. 
Weight  and  bulk  of  bricks,  1322. 
of  A.C.  motor  equipments,  710. 
of  aluminum,  1514. 
of  brass,  sheet  and  bar,  1323. 
of  car  bodies  and  trucks,  734. 
of  chains,  1406. 
of  conductors,  calo.  of,  277. 
formula  for,  265. 
table  of,  270. 
of  copper,  143. 
and  brass  wire  and  plates,  1324. 
per  K.W.  del'd,  curves  show- 
ing, 283. 
round  bolt,  1323. 
wire.  English  system,  table  of, 

157. 
metric  system,  table  of,  158. 
of  flat  iron,  1205. 
of  iron  and  steel,  1204. 
per  sq.  ft.  in  kilograms,  1200. 
per  Sq.  ft.  in  lbs.,  1200. 
per  sq.  ft.  in  ounces,  1200. 
per  sq.  meter  in  Idlogmms,  1200. 


Weii^t  of  iron  and  steel  per  sq. 
meter  in  lbs.,  1200. 

of  oil  per  gallon,  1407. 

of  plate  iron,  1208. 

of  rails,  615. 

of  railway  equipments,  780. 

of  square  and  round  iron,  1287. 

of  steam,  tables  of,  1404. 

of  storage  cells,  882. 

of  various  woo(!s,  1316. 

of  water  per  cubic  foot,  1360. 
above  212°  F.,  1361. 

of  wood,  634. 

per  mil»H>hm,  def.  of,  131. 
Weights  and  measures,  1400. 

apothecaries,  1500. 

avoirdupois,  1500. 

metrical  equivalents,  1501. 

troy,  1500. 
Weiny-Phillipe  repeater,  1043. 
Weir  dam  measurement,  1473. 

table,  1474. 
Weirs,  Francis'  formuUe  for,  1474 
Welding,  electric,  1271. 

H.P.  used  in  electric,  1271. 

iron  pipe,  1272. 

tires,  1272. 
Western  Electric  telephone  system. 

U.  S.  Navy,  1207. 
Westinghouse  A.C.  motor  oharaeter- 
istics,  715. 

A.C.  railway  system,  707. 

drcuit  breaker,  051. 

economy  coil,  463. 

electromagnetic  railway,  841. 

generator  panel,  025. 

induction  type  wattmeters,  000, 
1008. 

integrating  meters,  008. 

locomotives,  744. 

method    of    balancing    magnetio 
eiro.  in  dynamo,  340. 

mercury  aro  rectifiers,  481. 

oil  circuit  breakers,  060. 

railway  motors,  720. 

characteristic  curves  of,  000. 
rating  of,  673. 

recording  meters,  1037. 

relay,  D.  C.  over-voltage,  068. 

rotary  panel,  025. 
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Wettinghouse  single-pluMe  potential 
resulatora,  467. 
Bwitohboard  panel,  907. 
three-wire  generator  panel,  equip- 
ment of,  026. 
unit  switch  oontrol  system,  766. 
wattmeters,  calibration  data  for. 
1016. 
test  formula  for,'  1028. 
Weston  cadmium  cell,  19. 

model,  Wheatstone  bridge,  56. 
voltmeter.  41. 
wattmeter,  42. 
Wheatstone  bridge,  32. 
Y-box  multiplier,  73. 
Wheatstone  bridge,  81. 
Kelvin  type,  59. 
method,  res.  meas.  by,  66. 
method,  E.M.F.  of  batteries,  62. 
Wheels,  R.P.M.  of  trolley,  655. 
Whistle,    electric,    navy   spec,   for, 

1210. 
White  core  ins.  three  cond.  cable, 

table  of,  170. 
Winches,  deck.  1196. 
Windage    test    for    dsmamos     and 

motors,  383. 
Winding  of  electromagnets,  112. 
field-magnets.  369. 
plunger  solenoids,  128. 
ring  armature,  342. 
Windings  of  A.C.  armatures,  410. 
Wind  velocity  on  wire  spans,  efifect 

of.  219. 
Wire,  aluminum,  deflection  in  feet  of, 
226. 
properties  of,  194. 
resistance  of  stranded,  table  of, 
198. 
copper,  properties  of,  143. 
cotton  covered,  163a. 
galv.  iron,  water  rheostats,  34. 
gauge,  U.  S.,  and  weights  of  iron, 

1299. 
gauges,  table  of,  141. 
iron  and  steel,  prop,  of,  199. 
magnet,  table  of,  res.  of,  112. 
Navy  standard,  174. 
paper  insulated,  174. 
resistance.  20^2. 


Wire  rope,  galvanised  iron,  1325. 

notes  on  uses  of,  1494. 

standard  hoisting,  1326. 

transmission     of     power     by. 
1495. 
transmission  or  haulage  by,  1325. 
ropes,  horae-power  of,  1496. 
rubber  covered,  161. 
siies  for  armature  coils,  372. 
solid  copper,  table  of.  154. 
spans,  tension  and  sag  in,  213. 
steel,  properties  of,  201. 
stranded  copper,  table  of.  155 
strands,  table  of.  142. 
table.  U.  S.  Navy.  1160. 
tables,  copper.  A.I.E.E.,  146. 
condensed  table.  164. 

explan.  of,  145. 
varnished  cambric  ins.,  179. 
weather  proof,  160, 160a.  1606. 
weight  of  copper,  table  of,  157. 
Wireless  telegraphy  reoeiven,  1064. 

theory  of,  1055. 

transmitters.  1062. 

U.  8.  Army.  1145. 
Wires    and    cables,    propertiaB    ct^ 

181. 
cambric  Ins.,  tables  of,  179. 
current  carrying  capacity  of,  208. 
enameled,  table  of,  187b. 
fusing  effect  of  current  <mi,  217. 
gutta-percha  covered,  jointing  of, 

193. 
navy  standard,  table  of.  174. 
paper  ins.  O.  E.  tables  of,  174-178. 
rubber  ins.  G.  E.  tables  of,  164- 

172. 
space  occupied  by  eotton  covered. 

tables  of,  121-126. 
8u^>ended  from  points  not  in  same 

level,  sag  in,  288. 
U.  8.  Navy  «eo.  for,  1167. 
Wiring  bells,  293. 
diagrams  oi  oars,  806. 
for  transformen,  296. 
of  can,  746 

for  heaters,  diagram  of.  1267. 
of  houses.  279. 

plans,  standard  sjrmbob  for,  299. 
specifications.  U.  8.  Navy,  1167. 


IKDEX. 


1599 


WiriDK  ■jfstem,  ins.  res.  of,  82. 
Wood  as  fuel,  1356. 

beams,  strength  of,  1318. 

mill,  power  required  to  ruu  tools 

for.  1510. 
specific  inductive  capacity  of,  227. 
tests  of  American,  1317. 
weight  per  cord  of,  1356. 
Wood  working  machinery,  power  to 
run,  1519. 
tools,  power  required  for,  1522. 
Wooden  poles,  contents  of,  633. 
painting  of,  806. 
stave  pipe,  1468. 
Woods,  American,  wt.  and  value  as 
fuel  of,  1349. 
crushing  strengths  of.  1316. 
pressure  to  indent  A",  1316. 
properties  of  various,  1316. 
relative  strength  for  cross  break- 
ing. 1316. 
shearing  strength  with  the  grain  of, 

1316. 
specific  gravity,  table  of.  1512. 
tensile  strength  of,  1316. 
value  in  tons  of  coal,  1349. 
weight  of,  634. 

per 'cubic  foot  of,  1316. 
per  ft.  B.  M.,  1316. 
Woolf  process,  disinfecting  by,  1244. 
Work  done  by  conductors  in  magn. 
field,  109. 
international  unit  of,  10. 
unit  of,  3. 


Work  units  compared  with  energy 

units.  12. 
Workshop  method,  res.  of  batteries, 

61. 
Wright  demand  meter,  1008. 

discount  meter,  1008. 
Wrought  iron,  permeability  of,  89. 

phys.  and  elec.  prop,  at,  137. 

pipe,  dimensions  of,  1426. 

poles,  weight  of,  633. 

qualities  of,  824. 
Wurts  lightning  arresters,  984. 

X-raje,  polarisation  of,  1248. 

theory  of.  1248. 

tubes  for,  1249. 
Xylene,  spec.  ind.  cap.  of,  37. 

Y-box  multiplier,  Weston,  73. 

-connection  of  transformers,  478. 
Yokes,  field  magnet,  general  data  on, 
352. 

Zerttner  system  of  welding,  1274. 
Zero  instrument,  Northrup,  26. 
Zinc  amalgam  for  standard  ceil,  11. 

for  boiler  scale,  1365. 

phjrs.  and    elec.   prop,   of,    136, 
140. 

spec.  res.  of,  132. 

sulphate  for  standard  cell,  11. 
spec.  res.  of,  133. 

temperature  ooef .  of,  133. 
Zone,  commutating,  350. 
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